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ABSTRACT

From our earlier work on the genetic transfer of the maize transposable element Ac and its functional
analysis in hybrid and pure aspen lines, it was shown that this element is active in transgenic aspen.
However, a two element transposon tagging system where the Ds element and the transposase gene are
put together in crosses is not feasible in trees due to the in part long vegetative phases. To overcome
this barrier, an inducible two element HSP-transposase /ATDs element system is suggested to induce
activation tagged variants following two independent transformation steps. The ATDs element is
comprised by a 35S enhancer tetramer and outwards facing two CaMV 35S promoter located near both
ends of the ATDs element. Following transposition of the ATDs element expression of genes can be

elevated which are located adjacent to the new integration site of the element.
Keywords: Activation tagging - rolC gene - HSP-transposase - ATDs element.

INTRODUCTION
Activation tagging, as the result of random genomic
insertion of either promoter or enhancer sequences, can
produce novel, dominant mutations by over-expression
of endogenous genes. This powerful genomics tool has
been used extensively in annual plant species such as
Arabidopsis (Springer, 2000).

In this study we describe the establishment of an
activation tagging system in poplar based upon the
maize Ac/Ds transposable element system. A modified
Ds element (ATDs; Suzuki et al. 2001) containing two
CaMV 35S promoters and four tandem repeats of
enhancer fragments (En) of the 35S promoter, carrying
rolC as phenotypic selectable marker was introduced
into poplar. Second, the transposase gene under control
of heat-shock inducible promoter (HSP) from soybean
(Gmhsp17.5-E; Czarnecka et al. 1985) was tested for
transcription following promoter induction.

Insertion of transposonse or T-DNAs in coding
regions or promoters normally results in recessive loss-
of-function mutants by disrupting the gene. In contrast,
dominant gain-of-function mutants can be obtained with
an insertion mutagenesis system called activation
tagging (Kakimoto 1996, Weigel et al. 2000).

The preferential insertion of the maize Ac transposon
near the coding regions of the aspen-Populus genome
(Kumar and Fladung, 2003a) suggests that also
transposon mutagenesis can be an important tool to
discover gene functions by reverse-genetics strategies
(Kumar, and Fladung, 2003b). Loss-of-function strategy
using the maize Ac element was tested in haploid poplar
(Deutsch et al. 2004, Fladung et al. 2004). However,
besides the difficult handling of haploid tree material
(slow growth, spontaneous diploidisation) screening of
a large number of AcC excision events is very time
consuming. So far, no report is available describing the
use of a transposon system for activation tagging
approach in a tree species. Using improved constructs
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carrying e.g. modified Ds elements together with the
35S promoter at its ends, and the transposase gene under
control of an inducible promoter can be a starting-point
for a systematic gain-of-function approach in the tree
genus Populus.

MATERIALS AND METHODS

Gene constructs

Two constructs were designed carrying (a) the
transposase gene under control of the heat—shock
promoter (HSP Gmhsp17.5-E from soybean (Czarnecka
et al., 1985), and (b) the ATDs element in combination
with the phenotypically selectable marker rolC (Fig. 1).
For (a) the plasmid P6-HSP-TP-OCS (12315 bps)
derived from the ligation of P6-HSP-TP-OCS (2978
bps) into PLH6000 (9337 bps) plasmid (DNA Cloning
Service, Hamburg, Germany). As plant selectable
marker the construct carries the hygromycin resistance
gene under control of the CaMV35S promoters. In the
second construct either the bar or npt-1l genes were
used as plant selectable markers. Induction of
transposase in HSP-transposase transgenic lines was
achieved during a 24 h culture at 37 or 40 °C under
continuous light. This treatment was sufficient to induce
the transposase at high levels but without stressing the
plants.

Plant material, culture and genetic transformation

In vitro culture of of hybrid aspen clones (Populus
tremula x tremuloides, clone Esch5) was used for
generation of the transgenic lines (Fladung et al. 1997).
Plants were grown on solid McCown Woody plant
medium (WPM, Duchefa M0220) (Lloyd and McCown,
1980) containing 2% Sacharose, 0.6% Agar (Agar Agar,
Serva, 11396). Genetic transformations were carried out
using the Agrobacterium-mediated approach (Fladung
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et al. 1997). WPM medium for regeneration of
transgenic plants was supplemented with 0.01%
Pluronic F-68 (Sigma P-7061), thidiazuron (0.01 pM/L)
(601 medium) and antibiotic cefotaxime 500 mg/L for
Agrobacterium elimination and kanamycin (50 mg/L) or
hygromycin. (10 mg/L) for the selection of transgenic
shoots. The cultures were kept under growth room
conditions with 24 hour light and 22° C (light
intensity: 5-8 x 103 lux, lamps: Phillips TLM
140W/33RS).

Extraction of DNA and RNA

The DNA extraction procedure was adapted from the
method of Doyle and Doyle (1987) is described in
Fladung et al. (1997). RNA was extracted according
the procedure described by Logemann (1987).

DNA detection
Polymerase chain reaction (PCR) amplification
analysis

PCR analysis was performed as described by
Fladung et al. (1997). As a positive control in all PCR
reactions primers amplifying an aspen—specific genomic
region were added Kumar and Fladung (2002).
Amplification was carried out under the following
conditions in a thermal reaction. The initial denaturation
for 2 min at 94 °C was followed by 40 cycles of
denaturation (2 min at 94°C), annealing (2 min at 55 or
52 °C), extension (2 min at 72°C), and a final extension
step of 5 min at 72 °C followed by 4°C .

PCR analysis to study Hsp/ Ac transposase

In the case of HSP-transposase gene construct PCR
was performed by using primers (5'AAA GCC TGA
ACT CAC CGC GA3') and (5'TGC GAG GAT CAC
TTG TTT TAA3') to amplification a fragment from hph
gene to Ac Tpase gene respectively.

PCR analysis to study the HSP-transposase / Ds-AT-
rolC double transgenic aspen

400 pg total DNA from the double transformated
plants were tested using PCR to check presence of the
second gene construct ATDs using a primer pair

AT-Ds

amplifying a fragment of (5'GGC TGA AGA CGA
CCT GTG TTC TCT3"), (5'ATC GTT GAA GAT GCC
TCT GC3"), (5'ATC GTT GAA GAT GCC TCT GC3')
and (5'ATG GAT TGC ACG CAG GTT CTC3") for
amplification of rolC gene, 35S - rolC gene, hph gene
and nptll genes respectively.

PCR analysis in Activation tagging experiments
using heat-shock

Ten PCR experiments were performed by using
400 pg DNA isolated from heat-shock induced and non-
induced leaves and stems (ten different double
transgenic aspen lines containing HSP-transposase/Ds-
AT-rolC genes) to check presence of the second gene
construct ATDs using a primer pair amplifying a
fragment of (S'ATC GTT GAA GAT GCC TCT GC3")
for amplification of 35S-rolC gene, and the primer pair
amplifying a fragment of (5'ATG GAT TGC ACG CAG
GTT CTC3' and 3'AAC TCA CCA GGT TCG AAC
CTAS") to check for ATDs excision following the heat-
shock treatment.

RT-PCR Method

RT-PCR reaction was carried out using One-Step
Access RT-PCR system (Promega, USA). RT-PCR
analysis to check for presence of the HSP-transposase
and,/Jor HSP-transposase / Ds-AT-rolC double
transgenic aspen system was performed by using RNA
isolated from HSP-induced and non-induced leaves and
stems of four different single transgenic aspen lines
containing the HSP-transposase and/or HSP-
transposase / Ds-AT-rolC double transgenic lines. The
primer 5'TGC GAG GAT CAC TTG TTT TAA3' was
used to amplification of the Ac Tpase gene.

Purification and sequencing of PCR products

The amplified fragments from the PCR product were
purified using High Pure PCR Product Purification Kit
(Roche Molecular Biochemicals Mannheim, Germany)
according to  manufacturers’ recommendations.
Sequencing of the purified fragments was done by (Star
Seq Company Mainz Germany). The
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) sequencing data
were analysed using BLASTN programs.
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Figure (1): Structure of the activation construct (ATDs) (Suzuki et al. 2001). The ATDs also contains hygromycin
phosphotransferase gene (Hgm) with a nopaline synthase promoter (Nos) as a transposition selection marker. The
tms2 (A) or rolC gene (B) is outside of ATDs, respectively, and the CaMV 35S promoter on the left of the ATDs
keeps these genes active under non-excised stage. As plant selectable marker the nptll gene is used.
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RESULTS AND DISCUSSION

Production of Hsp/Ac transposase single transgenic aspen

To obtain transgenic aspen plants containing a single-
copy of the transposase element, leaf discs and stem
segments from hybrid aspen (Populus tremula x Populus
tremuloides, clone Esch5) plants were transformed by in
vitro co -cultivation with Agrobacterium tumefaciens
strain carrying the binary vector P6-HSP-TP-OCS (gene
construct), contains the hph gene as selectable marker
gene. In mean, 36.5 independent transgenic plant lines
were recovered via Agrobacterium-mediated
transformation in six independent experiments under
hygromycin selection. To confirm the presence of the T-
DNA in the regenerated plants, some plants were
subjected to PCR analysis (Table 1). PCR analysis results
(Table 1) reveal that 35 independent transgenic lines
carrying the HSP-transposase gene construct showed a
clear band corresponding to the relevant sequence of the
Ac Tpase and hph genes.

Several independent transgenic aspen lines carrying the
Ac Tpase gene were obtained. Transgenic poplars have
been obtained carrying the transposon AC from maize
(Fladung et al., 1997, Fladung and Ahuja 1997,
Fladung et al., 1999, Kumar and Fladung, 2003a).

Induction of transposase in HSP-transposase
transgenic lines

Induction of transposase in HSP-transposase
transgenic lines was achieved during a 24 h culture at
37 °C under continuous light. This treatment was
sufficient to induce the transposase at high levels but
without stressing the plants. To check for transposase
transcription before and after heat shock treatment RNA
was isolated from leaves. RNA quality and amount of
the DNase digested RNA was sufficient for RT-PCR
(Fig. 2a). RT-PCR of heat shock-induced and non-
induced leaves of nine different single transgenic aspen
lines containing the HSP-transposase gene construct
was performed. RT-PCR results showed that out of
eight HSP-transpo-sase transgenic lines seven lines
showed transposase induction (Fig. 2a, b). For second
transformation with the ATDs construct the lines N66-2
and N66-5 were chosen.

Establishment of double transgenic aspen

For second transformation with the ATDs construct
the lines N66-2 and N66-5 were chosen. A number of
double transgenic aspen carrying both the Ds element
and the transposase gene have been produced. 12 and
39.5 independent transgenic poplar lines were recovered

Table (1): Transformation and PCR positive efficiency of single transgenic aspen lines obtained using the three different

constructs established in this study

Means no. of Transformation  Transgenic lines  Transgenic lines PCR efficiency
Construct transformed plants  Efficiency (%) tested PCR tested PCR positive (%)
HSP-transposase 36.5 10.6 41 35 85
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Figure (2): (a) RNA quality check. (b) RT-PCR of heat shock-induced leaves of five
different single transgenic poplar lines containing the HSP-transposase gene
construct. To check for DNA contamination, PCR was performed also without
AMV.The line N66-2 was chosen for upper transformation with the ATDs construct.

NS55-1 is serves as control.
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via Agrobacterium-mediated transformation under
kanamysin selection (Table 2). Out of 15 and 10
putative independent transgenic lines which were tested
in PCR experiments, 15 and 5 were positive, containing
both HSP-transposase and Ds-AT-rolC (Fig 3a, b).

Activation tagging experiments using heat-shock
Using ten HSP-transposase/Ds-AT-rolC double
transgenic lines an activation tagging experiment was
established. The in vitro grown regenerating callus and
plants (Fig. 4a) were used (eight Magenta vessels from
each line containing nine pieces of calli and plants).
Induction of transposase in HSP-transposase/Ds-AT-
rolC transgenic lines was achieved during a 24 h culture
at 42 °C C (instead of 37 °C) under continuous light.

This treatment also induced the transposase at high
levels but without stressing the plants. To check for
transposase transcription before and after heat shock
treatment RNA was isolated from the leaves of the
plants before and after heat shock. The m-RNA amount
of the DNase digested RNA was sufficient for RT-PCR
(Fig. 5). RT-PCR results showed that out of ten HSP-
transposase/Ds-AT-rolC double transgenic lines five
lines showed transposase induction.

After heat-shock treatment the calli and plants were
divided in about 39,309 regenerating microcallus pieces
cut as small as possible and distributed on 1,766 petri
dishes (Fig 4b, c, d). The number of regenerated shoots
formed from the microcallis varied between the lines.
250 DNA samples were isolated from regenerated

Table (2): Mean number of independent transgenic aspen lines obtained using the different constructs established in this

work and tested positive in PCR analyses.

Double Double

Transeeni Transformation Means no. of  Transformati {ransgenic {ransgenic PCR
Construct S8 with 2™ double transgenic on efficiency ransg ransg efficiency
¢ line . lines PCR lines PCR
construct aspen lines (%) o (%)
tested positive
HSP-transposase ~ N66-2 Ds-AT-rolC 395 12 15 12 80
HSP-transposase ~ N66-5 Ds-AT-rolC 12 3 10 5 50
(a) = § %2 2 2 9 2 Z 2 T 2 2 2 &2 2 zZ %

Figure (3): PCR analysis to check complete integration of the second gene
construct ATDs at right (a) and left (b) border of T-DNA. (a) Primer pair 35S-
promoter / rolC gene, (b) primer pair 35S-promoter / nptll gene. GIP-

transposase / Ds-AT-rolC

Figure (4): Activation tagging experiment 2: (a) Regenerating callus with shoots before starting the
experiment, (b) Small callus pieces distributed on Petri dishes for regeneration of shoots after heat-shock
treatment, (c) Callus with regenerated shoots after three weeks cultivation on 601 regeneration medium,
and (d) Regenerated shoots after six weeks cultivation on 601 regeneration medium.
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shoots after heat-shock treatment. Excision of the ATDs
element following HSP treatment was confirmed in
PCR experiments using primer located in the 5' rolC
and 3' nptll genes (Fig. 6) or the primer located in the
35S-rolC. For the HSP-transposase/Ds-AT-rolC double
transgenic lines a PCR fragment of about 1,700 bp is
expected following ATDs excision using primer located
in the rolC and nptll genes and no PCR fragment
expected using primer located in 35S-rolC genes which
located on the right border of ATDs because rolC gene
located outside of the ATDs element, and following
transposase induction the genes become promoterless
upon excision of ATDs rendering them inactive.

Transposation of ATDs in aspen

DNA extracted from the HSP-transposase/Ds-AT-
rolC double transgenic line was used for the PCR
reaction to amplify the empty donor site of ATDs in
aspen genom and/or 35S- rolC gene which is located on
the right border of ATDs using primer located at the 5'

rolC and 3' nptll and 35S-rolC genes, respectively. Up
to 2% of the transformants showed a specific PCR
amplification signal of 1700 bp using primer located in
the 5' rolC and 3' nptll (Fig. 6). The occurrence of bands
can be explained as ATDs excision giving first
molecular evidence of primary ATDs excision in aspen.
In total, 51% of the transformants showed a specific
PCR amplification signal of 1,200 bp using primer
located in the 35S-rolC gene due to ATDs-non-excised.
Individual transformants displayed varying intensities of
ATDs fragments suggesting that there was not enough
transposase activity to produce excisions in the majority
of transformants and also indicating variation among
them.

Sequencing of empty donor sites

RolC and nptll genes located outside of the ATDs
element, and following transposase induction the genes
become promoterless upon excision of ATDs rendering
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Figure (5): RT-PCR of heat shock-induced and non-induced leaves of five different double
transgenic poplar lines containing the HSP-transposase/Ds-AT-rolC gene construct.
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Figure (6): PCR analysis to check for ATDs excision following heat-shock and
transposase induction using a pair amplifying a fragment of the 5' rolC and 3'
nptll genes. The Agrobacterium strain 134 and the not-primer heaat shoched
N&82-14 line reveal a single amplification product of about 9 kb that only can
be amplified using Long-Template PCR system (not shown here).
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Table (3): EST of ATDs empty site of aspen genomic with similarity to sequences in public databases.

Transgenic line Blastx similarity Organism Accession number positives
(% amino acids) E Value
HSP- 1-Panax ginseng RolC mutant Panax ginseng EU642406  442/448 (98%), 0.0
transposase/Ds-  rolC1-Pg (rolC) gene, complete cds
AT-rolC #4 AY818371  477/523 (91%), 0.0
2- Kanamycin resistance plant Kanamycin

expression vector pSAT4-nptll,
complete sequence.

resistance  plant
expression vector
pSAT4-nptll

them inactive (Fig. 1). To confirm excision of the ATDs
element and to detect putative footprints, the empty
donor sites at the 5* and/or 3’ ends of the ATDs element
were sequenced. In total, eight genomic sequences were
obtained which were subjected to BLASTN DNA
homology searches using the NCBI Gen Bank
(http://www.ncbi.nlm-.nih.gov/BLAST). The results of
BLASTN DNA homology searches including sequences
are summarized in Table (3). All sequences identified
are significantly similar to rolC and nptll genes
sequences represented in public databases (Table 3).
From these results we concluded that ATDs excised in
the lines tested.

Activation tagging in plants has been effectively
applied using T-DNA inserts or using the maize (Zea
mays) transposon system (Kardailsky et al., 1999; Ito
and Meyerowitz, 2000; Lee et al., 2000; Van Der Graaff
et al., 2003; Weigel et al., 2000; Huang et al., 2001:
Zhao et al., 2001; Marsch-Martinez et al., 2002; Ayliffe
et al., 2007; Shaohong et al., 2008).

Related activation cassettes have been incorporated
into the transposable elements Ac and En-l (Suzuki et
al., 2001; Marsch-Martinez et al., 2002). T-DNA
insertions are often complex and characterized by
multiple inverted or tandem copies or truncated T-DNA
inserts, which often make a molecular analysis difficult
(Nacry et al., 1998). One possibility to overcome this
problem would be the use of single copy transposons
insertions as the activation tags. In addition, transposons
insertions can be remobilised germinally, thereby
producing revertants that can confirm the phenotypic
consequences of the insertion and activation tagging is
more efficient with transposons than with T-DNA
(Schneider et al., 2005).

The transposon system uses a method to mobilize the
transposons containing the enhancer into different parts
of the genome, and then segregates out the transposase
responsible for the mobilization and thus generates
transposons activation tags that are stable in their
genomic positions (Marsch-Martinez et al., 2002). In
this study, we tested an activation tagging approach by
using the AC/ATDs enhancer element system in aspen. It
could be shown that individual transgenic lines
displayed varying frequencies of ATDs transposition
suggesting that transposase activity was not effective to
induce excisions in the majority of the transformants
and also indicating variation among them. An
explanation could be that either heat-shock treatments
were not sufficient or the transposase gene was silenced.
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