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Abstract:-- We have employed Populus as a model system to investigate questions regarding
stability and expression of foreign genes in transgenic trees. Several clones of European aspen (P.
tremula) and hybrid aspen (P. tremula x P. tremuloides) were genetically transformed, using
Agrobacterium as a vector system, with different gene constructs, in particular rolC. In order to test
the expressive control of promoters, we have employed two types promoters: 35S from cauliflower
mosaic virus, and light-inducible rbcS from potato, for control of roIC gene expression in transgenic
aspens. The 35S-rolC chimeric gene caused marked alterations in growth characters, including stem
height, internode length, leaf size and pale-green leaf color, and physiology in the transgenic aspens,
as compared to untransformed controls. On the other hand, rbcS-rolC recombinant gene caused only
minor alterations in leaf size, and the leaf color was similar to 35S-rolC transgenic aspens. However,
in the second and third years growth cycles, the leaf color was somewhat similar to the controls.
During the three year growth, deviations from the 35S-rolC syndrome, including leaf abnormalities,
chimeras, and revertants to normal state were observed in the transgenic aspens. In order to study
position effect on rolC, a heterologous transposable element Ac from maize was introduced into
aspens along with the rolC gene, under the expressive control of 35S and rbcS promoters. Transgenic
aspens carrying 35S-Ac-rolC and rbcS-Ac-rolC were morphologically similar to untransformed
controls, because in the presence of Ac, the expression of rolC is inhibited due to position effect.
However, following Ac excision during leaf development, there is restoration of rolC expression in
the form of pale-green spots on the green leaf background. The presence of transgene was confirmed
by PCR amplification of rolC and Ac coding sequences, and the copy number determined by the
Southern hybridization, and gene expression was determined by northern blot analysis. These
observations suggest that type of promoter/construct seems to affect growth, development and
physiology of the transgenic aspens conditioned by the rolC gene. It also appears that rolC
expression is variable during growth cycles.
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INTRODUCTION

Genetic engineering seems to offer prospects for forest tree improvement at an accelerated rate in
plants. As compared to annual plants, forest trees have long generations cycles, with vegetative
phases extending from one to several decades, and therefore may require special considerations for
genetic manipulation. Therefore, it is relevant to ask if foreign genes would be stably integrated and
expressed in the forest trees on a short-term or long-termbasis (Ahuja, 1988a, 1988b). Genetic
stability of transgenic trees is important for their subsequent utility in the commercial forestry.
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Recent studies with several annual model plant systems have revealed that transgene expression may
be variable and unpredictable (see Finnegan and McElroy, 1994; Pazkowski, 1994; Flavell et al.
1995; Meyer, 1995). Therefore, it is important to find out how model promoters and coding genetic
sequences from other totally unrelated organisms are stably integrated in the genome and expressed
at the biochemical/molecular and phenotypic levels in forest trees.

We have employed Populus as a model system to address these and related questions. Poplars and
aspens (Populus spp.) can be relatively easily regenerated in tissue culture (Ahuja, 1986, 1987, 1993;
Chun, 1993; Ernst, 1993) and can be genetically transformed using the Agrobacterium-vector system
(Fillatti, et. al. 1987; Klopfenstein et al. 1993; Confalonieri et al. 1994; Fladung et al. 1997b).

MATERIALS AND METHODS

By employing a leaf disc co-cultivation methodology (Fladung et al. 1997b), three clones of
European aspen (Populus tremula) and one of hybrid aspen (P. tremula x P. tremuloides) were
genetically transformed by Agrobacterium-mediated binary vector system. A number of gene
constructs, in particular those carrying the rolC gene from A. rhizogenes, were included in this study.
Ro1C is a dominant pleiotropic gene, which affects plant growth, phenotype, and physiology of
transgenic plants. Of course, the phenotypic effects of the rolC gene are different, depending upon
its heterologous promoter. Two types of promoters were include in the study to monitor rolC
expression in the transgenic aspens. These included a 35S promoter from Cauliflower mosaic virus,
and light-inducible rbcS promoter from potato. In addition to the rolC chimeric gene, the construct
also carried a linked gene for kanamycin resistance (npt II), which served as a selectable marker for
screening putative transformants (Fladung et al. 1997b).

Methods for DNA and RNA isolation from the leaf tissues for the PCR and Southern blot
hybridization have been previously described (Fladung and Ahuja, 1995, Faldung et al. 1997b).

RESULTS AND DISCUSSION

Phenotypes of transgenic plants. Several thousand transformants have been produced in tissue
culture and maintained on a kanamycin-containing medium in the growth chambers. From these,
more than 1500 transgenic aspens have been grown in the greenhouse during the past three years to
investigate transgene expression and stability (Ahuja and Fladung, 1996; Fladung et al. 1996, 1997a,
1997b,). During the first year of growth, transgenic aspens carrying 35S-rolC gene much smaller
leaves, compacted internode, and the stem was relatively reduced in height, as compared to
untransformed controls. On the other hand, transgenic aspens carrying the rbcS-rolC gene exhibited
slightly smaller leaves, as compared to controls. But their stem height and internode lengths were
rather similar to controls. One trait shared by the 35S-rolC and rbcS-rolC transgenic aspens was the
pale-green leaf color, as compared to green leaf color in the untrasformed controls. However, during
the second and third year growth cycles, the leaf color in the transgenic aspens after flushing were
pale-green, but later on the leaf color turned green as is in the untransformed controls.
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In addition to phenotypic alterations in the transgenic aspens, there were also changes in the
hormone metabolism. Hormone levels were different in transgenic conditioned by 35S-rolC and
rbcS-rolC , and untransformed controls (Fladung et al. 1997a). In particular, the 35S-rolC transgenic
aspens showed significantly lower levels of abscisic acid (ABA) at the predormant and dormant bud
stages in fall, as compared to controls of similar age. The 35S-rolC transgenic aspens showed
flushing at least two weeks earlier than controls in spring (Fladung et al. 1996, 1997a), suggesting
possible involvement of ABA in the flushing process.

During the three year growth cycles, deviations from the typical rolC phenotype, in particular 35S-
rolC transgenic aspens were observed. These included leaf abnormalities, chimeras, and revertants
to normal state. Some of these phenotypic changes may be due to epigenetic events, possibly
involving gene inactivation due to methylation, while others could be due to impairment or loss of
the transgene. We are in the process of examining the mechanisms of transgene inactivation.

In order to study position effect on the rolC gene, a transposable element Ac from maize was inserted
between the rolC gene and the promoter. In one gene construct, both Ac and rolC genes were
regulated by the 35S promoter, while in the second construct these gene were controlled by the rbcS
promoter. Transgenic aspens carrying the 355-Ac-rolC or rbeS-Ac-rolC chimeric genes were
morphologically similar to untransformed controls, in terms of leaf size and green color, internode
length, and stem height. However, following Ac excision during leaf development, there is a
restoration of rolC expression in the form of pale-green spots on the green leaf background (Fladung
et al. 1977b). There was variation in the size and shape of pale-green sectors in different transgenic
clones. These pale-green spots on the leaves are apparently caused by the excision of Ac from its
original position in the recombinant gene in the periclinal chimeric leaves of 35SAc-rolC transgenic
aspen (Fladung and Ahuja, 1997).

Molecular characterization. Most putative transgenic aspen clones that exhibited the rolC phenotype
also tested positive for the rolC gene by PCR analysis. However, the copy number of the rolC gene,
as revealed by the Southern blot non-radioactive hybridization (Faldung and Ahuja, 1995) varied
between one and three in the transgenic aspens (Ahuja and Faldung, 1996; Fladung et al. 1997b).
The levels of rolC expression seemed to be affected by the copy number of the transgene. Those
with more than one copy of the rolC gene were severely dwarfed, showed much smaller leaves, and
seemed to be less viable.

Some of the revertant/chimeric shoots showed the presence of the rolC gene, while others exhibited
its absence (Fladung et al. 1997b). Northern blot analysis of those revertants still carrying the rolC
gene either showed the presence of the RNA transcript, or a lack of the transcript in those shoots.
Whether, the transgene is inactivated in specific leaf layers, possibly due to the methylation of the
promoter or the coding sequence is under study.

Most of the 35S-A c-rolC transgenic aspens carried both the rolC and Ac coding sequences, as
determined by the PCR analysis. However, at least, three clones which were phenotypically similar
to untranformed aspen, carried only the rolC gene, but not the Ac element. Southern blot analysis
showed the presence of one copy of the rolC gene and one of Ac in most of the 35S-A c-rolC
transgenic aspens. In the northern blot experiments, a specific rolC specific transcript was detected
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only in the light-green sectors of the leaf , but not in the green areas of the leaf (Faldung and Ahuja,
1977).

CONCLUSIONS

These observations suggest that the type of promoter/construct controlling rolC expression seems
to affect the growth and differentiation in transgenic aspens. It also appears that rolC expression is
variable in transgenic aspens, as judged by the morphology, but the genetic basis of varaibility needs
to be confirmed by molecular analysis.
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