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ABSTRACT 
The generation of “marker-free” plants is a response to public concern and technical reasons (preclusion to use the same gene during 
further steps of transformation and gene silencing consequent to marker gene pyramiding by conventional breeding). A further step 
towards breeding of an advanced generation of transgenic plants is to avoid the insertion of DNA not essential for the correct expression 
or silencing of the useful transgene(s). To accomplish these purposes, transformation vectors derived from pGreen II 0000 were prepared. 
The original T-DNA of 814 bp was completely replaced with a new T-DNA sequence of 44 bp containing exclusively multiple cloning 
sites; rolC and rolABC were then cloned into the Hind III/Eco RI and Eco RI sites, respectively. Following Agrobacterium-mediated 
transformation of the ornamental species Osteospermum ecklonis (DC.) Norl. (Cape daisy) and screening of regenerated shoots by PCR 
amplifying the rolA and rolC gene fragments, three plant clones that had at least one complete copy of the rolABC genes, and which 
expressed the transcript and showed the expected phenotype (high number of branches, profuse flowering, compact plant habit) were 
identified. Adaptor ligation PCR was performed on these plants and several products were identified at both sides of the insert. Sequen-
cing of amplification products revealed a complicated scenario far from the classical type of integration reported for Agrobacterium. 
Integration cases identified were classified as: correct integration, miss-recognition of left border (LB) and right border (RB) or re-
arrangements of the T-strand. None of the three marker-free plant clones expressing rol ABC had integrated a single copy of the genes. In 
addition, backbone sequences were found in all plants. These data indicate that these materials need further steps of conventional breeding 
to select progenies that had integrated the transgene(s) by inserting the minimum amount of DNA required for its correct expression. 
Strategies to improve the correct recognition of LB as T-strand terminations are finally discussed based on current knowledge. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
The risk and damage that selectable marker genes may 
cause, either to human health or to the environment, even if 
not documented by scientific evidence, is constantly raised 
by public opinion. In Europe, following the Directive 01-
18-EC, the presence of the most popular class of marker 
genes conferring resistance to antibiotics in field-grown 
transgenic plants, will be no longer allowed from 31st De-
cember, 2008. Moreover, the presence of a selectable mar-
ker gene in a transgenic genotype will preclude the use of 
the same gene during further steps of transformation; pyra-
miding multiple copies of marker genes by crossing may 
activate silencing. A response to this public concern and to 
address technical demands is the generation of “marker-
free” plants. A further step towards breeding of an advanced 
generation of transgenic plants is to avoid the insertion of 
DNA sequences (ancillary sequences, plasmid sequences, 
aborted copies of the transgene, recombination sequences, 
etc.) not essential for the correct expression or silencing of 
the useful transgene. 

Several methods are currently available for the produc-
tion of marker-free transgenic plants: A) co-transformation 
and segregation (McKnight et al. 1987; de Block and Deb-
rouwer 1991; Komari et al. 1996; Daley et al. 1998; Dalton 
et al. 1999); B) site-specific (Dale and Ow 1991; Gleave et 
al. 1999; Zuo et al. 2001) and intrachromosomal recombi-
nation (Zubko et al. 2000); C) transposable elements repo-
sitioning and elimination (Goldbrough et al. 1993; Ebinuma 
et al. 1997); D) transformation with the useful gene only. 
The last method does not require the preparation of com-
plex constructs. If Agrobacterium tumefaciens transforma-

tion is chosen, a hypervirulent strain such as AGL0 or 
AGL1 (Lazo et al. 1991), carrying a plasmid with a mini-
mum T-DNA and well recognized borders is strongly rec-
ommended. 

The advantage of Agrobacterium-mediated transforma-
tion is believed to be the accuracy and efficiency of T-
strand excision and integration into the plant genome. The 
whole T-DNA is generally integrated together with border 
sequences (Mayerhofer et al. 1991; van der Graaff et al. 
1996). Sometimes the integrated T-DNA copy may either 
be truncated before the border; or may comprise vector 
DNA (Herman et al. 1990; Mayerhofer et al. 1991; Cluster 
et al. 1996) because of skipping the left border sequence 
during T-strand formation (Martineau et al. 1994). In ad-
dition, short sequence (fillers) of unknown origin may be 
found at the junction site (Gheysen et al. 1991; Gorbunova 
and Levy 1999). 

We reported here our results to assemble Agrobacte-
rium vectors suitable for the production of either “marker-
free” or “clean” transgenic plants. In addition, we report the 
production of “marker-free” transgenic plants in the orna-
mental species Osteospermum ecklonis (DC.) Norl. (Cape 
daisy) and preliminary analysis of integrated DNA flanking 
regions by adaptor ligation PCR (AL-PCR). 

The rolC and rolABC genes (Spena et al. 1987) that 
modify several ornamental traits in O. ecklonis (Giovannini 
et al. 1999) were used for this work. 
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MATERIALS AND METHODS 
 
Reagents and kits 
 
All restriction and DNA modifying enzymes were from New En-
gland Biolabs™, (USA). The oligonucleotides and the primers 
were purchased from TIB MOLBIOL S.r.l. (Italy). Taq polymerase 
and Elongase Enzyme Mix were from Invitrogen (Paisley, United 
Kingdom). The following kits provided by QIAGEN (Germany) 
were used: “QIAprep Spin Miniprep Kit” for plasmid extraction; 
“QIAquick Gel Extraction Kit” for DNA elution from agarose gel; 
“QIAquick spin column” for enzyme inactivation and DNA purifi-
cation; “Dneasy Plant Mini Kit” for plant DNA extraction; 
“Rneasy Plant Mini Kit” for RNA extraction. Contaminating DNA 
was eliminated in RNA samples using Sigma’s Amplification 
Grade Deoxyribonuclease I. The two-step RT-PCR reactions, of 
Sigma Enhanced Avian RT-PCR Kit (Sigma-Aldrich S.r.l., Italy), 
were used for reverse-transcriptase reactions and for cDNA ampli-
fication. 
 
Bacterial strains 
 
All the molecular cloning experiments were carried using Escheri-
chia coli strain (Max Efficiency® DH5�™ Competent Cells, Invit-
rogen, USA). The transformation was performed routinely by fol-
lowing the procedure of Hanahan (1983). 

Plasmids were transferred into A. tumefaciens strain AGL1 
(Lazo et al. 1991) containing the helper plasmid pSoup, which is 
essential for replication of pGreen (Hellens et al. 2000), using a 
freeze-thaw method (An 1987). 
 
Isolation of rolC and rolABC genes 
 
The rolC and rolABC genes were isolated from plasmid pPVC002 
rolC and pPVC002 rolABC (Spena et al. 1987), by digestion, 
using Hind III-Eco RI and Eco RI, respectively. 
 
Construction of pGreen rolC 
 
The recipient plasmid used in this experiment was pGreen 0000 
that contains in the T-DNA unique restriction sites within a �-ga-
lactosidase gene (Hellens et al. 2000). The rolC gene was cloned 
into the Hind III-Eco RI sites of the plasmid polylinker. Plasmids 
pGreen rolC was then moved into A. tumefaciens AGL1 contain-
ing the helper plasmid pSoup (Laura et al. 2003). 
 
Construction of pGreen II rolC and pGreen II 
rolABC 
 
Plasmid pGreen II 0000, used in this experiment, is a modified 
version of pGreen 0000 with improved DNA stability (www. 
pgreen.ac.uk). 
 
The Construction of pGreen II adaptor 
 
The T-DNA of pGreen II 0000 was excised by digestion with Stu I 
and Acl I and replaced with a shorter adaptor polylinker sequence. 
The adaptor sequence was generated annealing two complemen-
tary oligonucleotides: (5�-CGTTAACAAAGCTTGGGACCGC 
GGTGGAATTCCAGCTATGAAGG and 5�-CCTTCATAGCTG 
GAATTCCACCGCGGTCCCAAGCTTTGTTAA). The adaptor 
contains: Two internal restriction sites (Hind III and Eco RI) 
underlined in the above sequences; 5� terminal blunt sequence 
complementary to plasmid blunt sequence generated by Stu I and 
3� terminal protruding sequence complementary to the plasmid 
protruding sequence generated by Acl I. pGreen II adaptor was 
generated by ligation of the adaptor with the pGreen II plasmid 
previously digested. 
 
Insertion of rolC and rolABC in pGreen II adaptor 
 
The rolC and rolABC genes were cloned into the Hind III-Eco RI 
and Eco RI sites of pGreen II adaptor, respectively. The arrange-
ment of rolABC genes insertion from LB to RB was checked by 
construct digestion with Hpa I. Plasmids pGreen II rolC and 

pGreen II rolABC were moved into A. tumefaciens AGL1 contain-
ing the helper plasmid pSoup. 
 
Plant material and transformation 
 
Leaves of in vitro-grown O. ecklonis plants (clone DM005) were 
used in transformation experiments, following the method pro-
posed by Giovannini et al. (1999). 

Three transformation experiments were performed, using A. 
tumefaciens AGL1 containing pGreen rolC plasmids (experiment 
A) and pGreen II rolABC plasmids (experiments B1 and B2). 

Leaf pieces were wounded and immersed in the bacterial cul-
ture. One hundred and fifty explants were inoculated with bacteria 
in each experiment. After 30 minutes, the explants were blotted on 
sterile filter paper briefly and placed on co-cultivation medium for 
2 days. Co-cultivation medium was composed of MS macro- and 
microelements (Murashige and Skoog 1962), MS vitamins, suc-
rose 30 g/L, 3-indolyl-acetic acid (IAA) 2 mg/L, 6-benzylamino-
purine (BAP) 1 mg/L, agar 8 g/L. After 2 days, the leaf pieces 
were blotted and placed on regeneration medium (co-cultivation 
medium with 100 �g/ml Cefotaxime) to contain Agrobacterium 
growth. Non-inoculated explants were prepared as a control and 
grown directly on co-cultivation medium. 

Regenerated shoots, 1 to 1.5 cm long, with a clear indepen-
dent origin on the leaf explants, were excised and cultivated on 
propagation medium (MS salts and vitamins, sucrose 30 g/L and 
agar 8 g/L) plus Cefotaxime (100 �g/ml). Each shoot representing 
a separate regeneration event was subsequently propagated through 
axillary shoot proliferation to provide plant clones. All plant cul-
tures were maintained in a growth room at 23-25°C with 16 h light 
photoperiod. In vitro plants were acclimatized under mist and 
grown in a containment greenhouse. 
 
Analysis of regenerated plants 
 
Amplification of the transgenes 
 
The presence of foreign genes in the regenerated plants was evalu-
ated by PCR (Hamill et al. 1991). Genomic DNA was extracted 
from 100 mg of leaves of transgenic and control O. ecklonis in 
vitro grown plants. All the plants of experiment A were screened 
for the presence of the rolC gene by PCR. Plants of experiments 
B1 and B2 were checked first for rolA, that is close to LB and con-
sequently is less likely inserted into the plant genome, and then for 
rolC (Fig. 1). 

Amplification of rolA gene (experiments B1 and B2) was 
checked using the following primers: (5�-GACGTCATTGCACTC 
GTCAC) as forward and (5�-TTGATTGCGGATTTCCTTTC) as 
reverse to amplify a 199 bp fragment. The following cycling con-
dition were used: 2 min at 94°C, 30 cycles 1 min at 94°C, 1 min at 
60°C, 3 min 72°C and a final extension of 10 min at 72°C. 

Forward primer (5�-CGACCTGTGTTCTCTCTTTTTCAAGC) 
and reverse primer (5�-GCACTCGCCATGCCTCACCAACTCA 
CC) were designed and used for the amplification of a 514 bp 
fragment of the rolC gene. PCR reactions were performed in a 
thermocycler PTC 100 (MJR Research Inc., USA), using the fol-
lowing cycling program: 2 min at 94°C, 30 cycles 1 min at 94°C, 2 
min at 60°C, 3 min 72°C and a final extension of 10 min at 72°C. 

The absence of A. tumefaciens contamination in the plants that 
were positive in PCR analysis of the rol genes, was checked by 
PCR amplification of a 326 bp fragment of the virC1 gene. The 
sequence of virC1-specific primers (PVIRC2775 and PVIRC3101) 
and PCR conditions were reported by Vaira (1995). 

A fragment of 4000 bp, spanning the entire rolABC ORF, was 
amplified with a forward primer (5�-CACATCTCCCGAAAAATG 
CT) and a reverse primer (5�-AAAGCGCGATGAAATCAAGT) in 
the clones 426, 428 and 441 to verify, in each of them, the pre-
sence of at least one full-length copy of the insert containing all 
three genes. The following parameters were used: 3 min denatura-
tion at 94°C, followed by a 40 cycles of 30 s at 92°C, 30 s an-
nealing at 55°C, 2 min elongation at 72°C and a final extension at 
72°C for 3 min. 
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Expression analysis 
 
The phenotype of rolABC putative transgenic plants, acclimatized 
in greenhouse, was characterized for their plant habit according to 
Giovannini et al. (1999). 

Expression of the rolC gene was investigated by RT-PCR on 
plants positive to amplification of all three rol genes. Two plants 
of experiment A (one of clone 2 with the characteristic phenotype 
and one of clone 31 with a normal phenotype) and 3 plants of 
experiment B1 (all with characteristic phenotype) were analysed 
together with parent plants. 
 
Identification of junctions 
 
Adaptor ligation PCR (AL-PCR) was performed on three rolABC 
marker-free transgenic plants of clone 426, 428, 441 and a control 
plant, following the procedure proposed by Zheng et al. (2001). 
Total DNA was isolated from 100 mg of leaves. Genomic DNA 
samples of 2.5 �g were restricted separately by Pvu II, Rsa I and 
Sca I in a final volume of 100 �l to generate blunt-end fragments, 
then the enzymes were heat inactivated at 65°C for 10 min and 
removed by purification. An asymmetric adaptor was prepared by 
annealing two complementary oligonucleotides (ADAPL and 
ADSPS) and then ligated to genomic restricted DNA, as described 
by Cottage et al. (2001). A single-copy reconstructed positive con-
trol, hypothetically corresponding to a single T-DNA integration in 
the O. ecklonis genome, was prepared by mixing 1 �g of genomic 
DNA from an untrasformed control plant with 10 pg of pGreen II 
rolABC vector DNA (4.5 kbp), digested with RsaI and processed 
as before. 

Two successive PCRs were carried out to avoid non-specific 
PCR amplifications using two pairs of primers designed on adap-
tors (AP1 and AP2) and on T-DNA (WP1 and WP2), for each T-
DNA border. The adaptor primer AP1 and the nested adaptor pri-
mer AP2 were designed as by Zheng et al. (2001). The walking 
primer for amplification of the left border junction (LB1a: 5�-
GAGTTGCGTGGCCAGTTAATAC) and the nested walking pri-
mer (LB2c: 5�-AGCACGTGAGAGACAAGTAAAT), were com-
plementary to the T-DNA sequence located from 217 to 190 bp 
and from 156 to 129 bp, respectively. Similarly, the walking pri-
mer for amplification of the right border junction (RB1: 5�-ATGG 
AGCTAACTTCGACAAAGG) and the nested walking primer 
(RB2c: 5�-GGGCCACAATATTTGACCTATATGC), were comple-
mentary to the T-DNA sequence located from 3880 to 3904 bp and 
from 4252 to 4278 bp, respectively. 

Amplification was performed on the base of the conditions 
described by Zheng et al. (2001). 

With the aim of identifying longer junctions, the following 
amplification conditions were tested. The primary PCR was car-
ried out with 1 �l library, 1 �l Elongase Buffer A, 4 �l Elongase 
Buffer B, 0.5 �l Elongase Enzyme Mix, 1 �l dNTPs (10 mM), 1 �l 
AP1 primer (10 �M), 1 �l WP1 primer (10 �M), 15.5 �l of water 
were added to give a final volume of 25 �l. The following cycling 
conditions were used: 30s at 94°C, 35 cycles 30s at 94°C, 30s at 
59°C, 7 min 68°C and a final extension of 15 min at 68°C. Secon-
dary PCR amplification was performed using 1 �l of the primary 
PCR amplificate diluted 1 to 100, 1 �l AP2 primer, 1 �l WP2 pri-
mer and the other components used for primary PCR reaction. The 
cycle conditions were as before, except that annealing was per-
formed at 65°C. 

Twenty microlitres of the PCR products were separated on a 
1% agarose gel. Some of the observed bands were eluted and se-
quenced by BMR-Genomics (CRIBI, Padova, Italy). 
 
RESULTS AND DISCUSSION 
 
Construction of new plasmids 
 
The plasmid pGreen rolC does not contain antibiotic resis-
tance genes on the T-DNA and is thus suitable for “marker-
free” transgenic plant production via co-transformation or 
transformation with the useful gene only (McKnight et al. 
1987; de Block and Debrouwer 1991; Komari et al. 1996; 
Daley et al. 1998; Dalton et al. 1999; Vetten et al. 2003). 
The original T-DNA of pGreen 0000 and of pGreen II 0000 
contains the multiple cloning sites within the LacZ gene and 
additional plasmid sequences. This T-DNA of 814 bp was 
completely replaced with a new T-DNA sequence of 44 bp 
in the pGreen II adaptor (Fig. 1). The new T-DNA contains 
exclusively multiple cloning sites, therefore the pGreen II 
adaptor can be considered a "clean" vector, suitable for fur-
ther cloning. The pGreen II rolC and the pGreen II rolABC 
are the first derivative. 
 
Plant transformation 
 
Plenty of shoots were regenerated in the absence of selec-
tive pressure in the medium, following co-cultivation of leaf 
explants of O. ecklonis with A. tumefaciens AGL1 carrying 
either pGreen rolC or pGreen II rolABC (Fig. 2). Overall, 
more than 150 shoots, with clearly independent origin, were 
isolated from the leaf explants co-cultivated in the two 
experiments and propagated separately to establish plant 
clones. 

TTAGAGATCTTGGCAGGATATATTGTGGTGTAA

AATCTCTAGAACCGTCCTATATAACACCACATTGC

CCTTGACAGGATATATTGGCGGGTAAACTAA

GGAACTGTCCTATATAACCGCCCATTTGATT

CGTTAACAAAGCTTGGGACCGCGGTGGAATTCCAGCTATGAAGG

AATTGTTTCGAACCCTGGCGCCACCTTAAGGTCGATACTTCC

LB RB

Bgl II

Hind III Eco RI

Stu IAcl I

rolA rolB rolCrolC

Fig. 1 The pGreen adaptor vector: a polylinker of 44 bp, cloned in Acl I and Stu I sites, replaces the original T-DNA of pGreen II 0000. The rolC 
gene and rolABC gene were cloned into the Hind III-Eco RI and Eco RI sites, respectively. 

370



Transgenic Plant Journal 1(2), 368-375 ©2007 Global Science Books 

 

 
Analysis of regenerated plants 
 
Among the 50 clones of plants obtained following co-culti-
vation with A. tumefaciens carrying pGreen rolC (experi-
ment A), 33 randomly selected clones were analysed by 
PCR (Table 1).The expected 514 bp rolC band (Fig. 3) was 
amplified from seven plant clones (21%). PCR amplifica-
tion of a 326 bp fragment of the virC1 gene showed that 
only one plant out of seven was contaminated by the Agro-
bacterium. Six plants (18%) were then expected to be of 
transgenic nature (Fig. 4). 

Two of the six putative transgenic clones (6% of the 
analysed plant clones), acclimatized in greenhouse, showed 
the characteristic phenotype of plants expressing rolC such 
as short internodes, erect branches, profuse branching, 
slightly pale green leaves, compact plant habit as reported 
by Giovannini et al. (1999). The other clones evidenced a 
phenotype similar to control plants or intermediate. The ex-
pected RT-PCR product, confirmed the rolC expression in 
the plants with the characteristic rolC phenotype only. 

In experiments B1 and B2, performed with the vector 
pGreen II rolABC, 40 and 28 randomly selected plants, 
respectively were analysed by PCR (Table 1). The expected 
199 bp rolA fragment was amplified from 11 plant clones in 
each experiment. Ten and nine plants out of 11 (rolA-posi-
tive) were also positive in rolC-PCR analysis in the experi-
ments B1 and B2, respectively. PCR amplification of a 326 
bp fragment of the virC1 gene showed that only one plant 
out of 10 was contaminated by Agrobacterium (experiment 
B1). Therefore, the frequency of putative transgenic plants 
was 22.5% and 32% in the two experiments. Five of the 9 
transgenic clones of experiment B1 (12.5% of the analysed 
plant clones), acclimatized in greenhouse, showed the cha-
racteristic phenotype of plants expressing rolABC (Fig. 5): 
high number of branches per plant, short internodes, com-
pact plant habit and profuse flowering which is in agree-
ment with previous report (Giovannini et al. 1999). Expres-
sion of rolC gene (RT-PCR) was confirmed in three plants 
(clones 426, 428, 441) amplifying rolA and rolC by PCR 
and with a typical rolABC phenotype as reported before. In 
the same plants, the expected fragment of 4000 bp, span-
ning the rolA, rolB, and rolC ORFs, was amplified demons-
trating that at least one full-length copy of the genes was in-
tegrated. An additional product of about 8000 bp was found 
in clone 428, signifying likely the occurrence of a tandem 
copy of the rolABC genes or T-DNA rearrangements. 

Since rolABC are hormone genes that change plant de-
velopment (Schmulling et al. 1988), their expression in the 
plants can play a role in cell differentiation and confer a 

positive selection to transgenic cells in some species and 
genotypes during cell division and differentiation. In ad-
dition, phenotypes conferred by rolC and rolABC allow 
early selection of putative plant clones in vitro and in vivo. 
RolC alone or in combination with rolA and rolB may be 
proposed either as selectable or visible markers especially 
in floricultural species where the pleiotropic effect of rol 
genes may be valuable. Vetten et al. (2003) reported that co-
cultivation of potato explants with the A. tumefaciens strain 
AGL0 allowed the recovery of transgenic potato shoots at a 
frequency of 1 to 5% in the absence of selection. Moreover, 
transgenic somatic embryos of cassava were recovered at a 
frequency of 2% following co-cultivation with A. tumefa-
ciens strain AGL1. AGL1 is a RecA- version of AGL0 
(Lazo et al. 1991). The satisfactory frequency of transfor-
mation in both Vetten’s and our experiments may then be 
ascribed to the hyper-virulence of the plasmid pTiBo452 

Fig. 2 In vitro grown O. ecklonis leaf explants regenerating plenty of 
shoots, in the absence of selective pressure in the medium, following 
co-cultivation with A. tumefaciens AGL1 carrying pGreen II rolABC.

Fig. 4 Phenotype of an in vitro grown transgenic plant that express rol 
C gene (right) in comparison with a normal regenerated plant (left). 
The profuse branching and rooting of the transgenic plant represent an 
extreme phenotype not widespread in all transgenic plant clones. 

Fig. 3 The expected 514 bp rolC fragment amplified by PCR in three 
plants, selected from independent event of regeneration, following co-
coltivation of O. ecklonis leaf explants with pGreen II rolC (A1, A2 
and A3) and in the positive control (C1: plasmid pGreen II rolC). M: 
molecular marker (pUC18 DNA Hae III digest), C2: untransformed plant, 
W: no template. 

Table 1 Analysis of regenerated plants in independent transformation experiments using pGreen constructs carrying rolC (A) and rolABC genes (B1 and 
B2). 
Exp. Analysed plants 

(n°) 
PCR rolA1 PCR rolC PCR virC2 Putative transgenic 

plants4 
Phenotypic 
expression5 

Phenotypic 
expression6 

A7 33 - 7/331 1/7 6/33 (18%) 2/6 (33%) 2/33 (6%) 
B1 This work 40 11/40 (27%) 10/113 1/10 9/40 (22.5%) 5/9 (55%) 5/40 (12.5%) 
B2 This work 28 11/28 (39.28%) 9/113 0/9 9/28 (32%) n.d. n.d. 

1positive/ tested plants; 2positive/ rolC positive; 3 positive/ rolA positive; 4rolC positive/ regenerated plants; 5rol phenotype/ rolC positive; 6rol phenotype/ regenerated plants; 
7 Laura et al. (2003); n.d.: not detected. 
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present in both strains. Recently a significant improvement 
of tobacco transgenic plant recovery was reported by Jia et 
al. (2007) by a procedure involving a vacuum treatment to 
leaf explants immersed in the bacterial suspension. Fifteen 
percent of the regenerated shoots were PCR-positive and 
7.2% showed the phenotype conferred by the GUS gene, 
which was used as marker. These frequencies are compara-
ble to those found in our work. For species with good rege-
neration ability and highly susceptible to Agrobacterium in-
fection, the opportunity to breed marker-free transgenic 
plants may became routine playing either on strain viru-
lence and infection procedure. 
 
Identification of junctions 
 
Three rolABC marker-free transgenic plants, an untrans-
formed plant (as a negative control) and one copy recons-
tructed positive control were analysed by AL-PCR for the 
detection of junctions at the RB and LB regions. The num-
ber and size of amplification products in transgenic plants 
are summarized in Table 2. Following the procedures of 
Zheng et al. (2001), amplification products ranging from 
150 bp to 1000 bp were identified. As expected, the Elon-
gase Enzyme Mix amplification protocol allowed the iden-
tification of longer fragments ranging from 300 bp to 2000 
bp. Employing the two amplification protocols five pro-
ducts only at RB were of a comparable size, likely represen-
ting the same product. Seventeen products were amplified 
at the LB in comparison with a significantly higher number 

(35) at the RB. Amplification products were not detected in 
the negative control. Products of the expected size (1600 bp 
at RB and 550 bp at LB) were obtained with the positive 
control. Both libraries and amplification protocols seem 
fundamental to provide an overview of the insertion events. 

Some of the amplification products were sequenced. 
Data are reported in Table 3. Analysis of insertion events 
revealed a complicated scenario, very different from the 
canonical type of insertion in the plant genome driven by 
Agrobacterium: in addition to the T-DNA, 3 nucleotide only 
of the RB (TGA in nopaline strains derived vectors) and the 
LB missing the TGG residue are inserted (Kim et al. 2003). 
Integration cases identified in this work might be classified 
as: correct integration; miss-recognition of LB and RB; re-
arrangements of the T-strand. Correct integrations are a 
minority of the sequenced plant junctions. At RB, junctions 
11 and 12 show the typical 3 base residue due to an expec-
ted nick, between the third and fourth base during T-strand 
initiation. In five cases (4, 6, 7, 8 and 10) 8 to 50 T-DNA 
bases are missing before the RB. Such amount of missed 
bases does not interfere with the ORF of the rolABC genes. 
Missing of the typical 3 base RB residue and a similar 
amount of T-DNA bases was observed in both monocoty-
ledonous barley and rice (Stahl et al. 2002; Kim et al. 2003) 
and dicotyledonous aspen (Kumar and Fladung 2002) and 
Arabidopsis thaliana (Brunaud et al. 2002). The LB junc-
tions 14 and 15 show a two- base deletion in addition to the 
expected skips of the TGG residue. 
 

Fig. 5 Plant phenotype of three clones expressing rolABC (left) in comparison with a normal plant (right). All plants were grown in greenhouse. The 
clones represent various level of expression of the characters influenced by rolABC: number of branches per plant, internodes length, plant compactness 
and profusion of flowering. 

Table 2 Fragments amplified by AL-PCR following PCR conditions 1 described by Zheng et al. (2001) and PCR conditions 2 (Elongase Enzyme Mix 
amplification protocol) to identifying longer junctions. 

PCR conditions 1 PCR conditions 2 
LIBRARY LIBRARY 

Rsa I Sca I Pvu II Rsa I Sca I Pvu II 

Transgenic 
Clones 

RB LB RB LB  RB LB RB LB RB LB  RB LB 
426 300 bp 300 bp* 500 bp 

300 bp 
- 300 bp*

150 bp*
- 1600 bp

700 bp
500 bp
400 bp
300 bp*

500 bp*
400 bp 

1000 bp 
700 bp 
300 bp* 

300 bp 2000 bp*
1600 bp*
1000 bp
700 bp

900 bp
600 bp*

 

428 500 bp* 
200 bp 

400 bp 1000 bp* 
600 bp 
400 bp 
200 bp 

400 bp 1000 bp
 500 bp*
 200 bp

700 bp 
500 bp 

- - - - 2000 bp
1600 bp

900 bp
600 bp

441 1000 bp 
 800 bp 
 500 bp 
 300 bp 

- 300 bp 
200 bp 

300 bp* 1000 bp
 500 bp*
 250 bp

- 1200 bp
1000 bp
900 bp
790 bp*
530 bp*

800 bp*
700 bp 
600 bp 

- - - 1200 bp

* Sequenced fragment 
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Table 3 Sequence of the amplification products of Osteospermum clones 426, 428 and 441 identified at RB and LB by AL-PCR from libraries Pvu II, 
Rsa I and Sca I. 
Library Fragment 

number 
(bp) 

Sequences 

1 
(2000) 

GGGCCACAATATTTGACCTATATGCACTGGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATAGCATGAATTCCAGCTATGAAGG
CCTGGCGGGACATGTTGCGAGTGAAACGTTTTCTCTGTATGTGTTTGTTTGAGATCTCTTGAGAGCTA
GAGGCCTGCCAAGNGCCTGGATTATGACAAATGTCCTGTTGAACTATAATATCATTAGGCCCCGCCCC
NCTGNNTTGTTGATACTGCACTATATGTGTAGCAGATTAGATAAACCTA... 

2 
(1600) 

GGGCCACAATATTTGACCTATATGCACTGGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATAGCATGAATTCCAGCTATGAAGG
CCTTGACAGGATATATTGGCGGGTAAACTAAGTCGCTGTATGTGTTTGTTTGAGATCTCATGTG...CAA
TATTTTCACACCTGCCCGGGCCGTCGACCACGCGTGCCCTATAGT 

3 
(300) 

GGGCCACAATATTTGACCTATATGCACTGGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATAGCATGAATTCCAGCTATGAAGG
CCTTGACAGGATATATTGGCGGGTAAACTAAGTCGCTGTATGTGTTTGTTTGAGATCTCATGTGAGC
AAAAGGCCAGCAAAAGCCAGACCTGCCCGGGCCGTCGACCACGCGTGCCCTATAGT 

RB 426 Pvu II 

4 
(150) 

GGGCCACAATATTTGACCTATATGCACTGGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAATTACCACGCGTGCCCTATAGT 

RB 426 Rsa I 5 
(300) 

GGGCCACAATATTTGACCTATATGCACTGGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAATTTCCACGCCGGAGATGATATCGAATATGTTCTGTTAAGTTAAAAT
AAGCTGCGAGCCATGGCGCGATTGTCCTGTTTTATTAATATAGTACCTGCCCGGGCCGCGACCACGC
GTGCCCTATAGT 

RB 426 Sca I 6 
(300) 

AGATGAAAATTGCCAAAATTAGCTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCA
TGCAAAGTCATACTACCTGAAACTGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATA
GCATGAATTCCAGCTATGTAGAACTTGATGACCCAGCCATAATTAAGGNGACAGAACAA 

RB 428 Pvu II 7 
(500) 

AAATTGCCAAAATTAGCTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAA
GTCATACTACCTGAAACTGATAAATAACGACAAAGAAAGTAGCCTATTTACCTGCCCGGGCCGTCGAC
CACGCGTGCCCTATAGTAATCACTAGTGCGGCCGCCTGCAGGTCGACCATATGGGA... 

RB 428 Rsa I 8 
(500) 

GGGCCACAATATTTGACCTATATGCACTAGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAAGTAGCCTATTTACCTGCCCGGGCCGTCGACCACGCG... 

RB 428 Sca I 9 
(1000) 

AAATTGCCAAAATTAGCTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAA
GTCATACTACCTGAAACTGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATAGCATGA
ATTCCAGCTATGAAGGCCTTGACAGGATATATTGGCGGGTAAACTAAGTCGCTGTATGTGTTTGTTTG
AGATCTCATGTGAGCAAAAGGCCAGCAAAAGGCCAGACCTGCCCGGGCCGTCG... 

RB 441 Pvu II 10 
(500) 

...TGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATAACCTGCCCGGGCCGCCGACCAC
GCGTGCCCTATAGTAATCACTAATGCGGCCGCCTGCAGGTCAACCATATGGGAGAGCTCCCAACACCTTGG
ATGCATAACTTGAGTATTCAATAATGTCACCTAAATAGCTTGGAGTGATACTGGTCTTGGCCGTGTTTCCCAT
GGGAACTTGTTATCGCAATAGAATTCCACACCAAAACGAGCCGGAATCATAAGAAAAAAAGCGTGGGCAC
GTATCATGGACCATGCAAAGTCAACTACGTTAAACTCATAAACAACGTCACAGTAAGTAGCCCAGTCA
ACCAGCTCATAGACCGTCCGG 

11 
(800) 

GGGCCACAATATTTGACCTATATGCACTGGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATAGCATGAATTCCAGCTATGTAGA
ACTTGATGACCCA...ATTTGTACCTGCCCGGGCCGTCGACCACGCGTGCCCTATAGT 

RB 441 Rsa I 

12 
(530) 

GGGCCACAATATTTGACCTATATGCACTGGCCCACGCGCCGCAATAGATGAAAATTGCCAAAATTAG
CTATCGGTCTTCTGAAAAGAAGGGCCGACATGTTTTCATAGACCATGCAAAGTCATACTACCTGAAA
CTGATAAATAACGACAAAGAAAGTAGCCTATTTAAAAGTCGCTATAGCATGAATTCCAGCTATGTAGA
ACTTGATGACCCAGCCATAATTAAGGTGACAGAACAATCTAAAAATGAAAATTTAGAAACTGTTAAGTCA
CCTGCCCGGGCCGTCGACCACGCGTGCCCTATAGT 

13 
(500) 

...TTTTTGAAAAAGAAAAAGCCCGAAAGGCGGCAACCTCTCGGGCTTCTGGATTTCCGATCCCCGGA
ATTAGATCTTGGCAGGATATATTGTGGTGTAACGTTAACAAAGCTTGGGACCGCGGTGGAATTCCAA
ACGATTCCTTGATGCCTATCTTCGCTATGAT 

LB 426 
Rsa I 

14 
(300) 

TTACTATAGGGCACGCGTGGTCGACGGCCCGGGCAGGATAGCTCTGGATATATTGTGGTGTAACGTTAAC
AAAGCTTGGGACCGCGGTGGAATTCCAAACGATTCCTTGATGCCTATCTTCGCTATGATTGTATGGT
AATAAAGTCTCCACACTCCCGAAAAA 

LB 441 
Rsa I 

15 
(800) 

AGCACGTGAGAGACAAGTAAATCACGAAAGCATTTTTCGGGAGATGTGGAGACTTTATTACCATACA
ATCATAGCGAAGATAGGCATCAAGGAATCGTTTGGAATTCCACCGCGGTCCCAAGCTTTGTTAACGT
TACACCACAATATATCCAGAGCTATCCTTTGGAGCACGTTGAACTCCTAAGATGTTATCTAGACATAAGGT
AGAATTTTGGAATTTCTCCAACTTCCTATTT... 

LB 441 
Sca I 

16 
(300) 

GGCCCGGTCTTTTTTTTGAAAAAGAAAAAGCCCGAAAGGCGGCAACCTCTCGGGCTTCTGGATTTC
CGATCCCCGGAATTAGATCTTGGCAGGATATATTGTGGTGTAACGTTAACAAAGCTTGGGACCGCGG
TGGAATTCCAAACGATTCCTTGATGCCTATCTTCGCTATGATTGTATGGTAATAAAGTCTCCACATCT
CCCGAAAAA 

Green shade: rolABC genes; red: pGreen borders; light blue: pGreen adaptor polylinker; black bold: pGreen backbone; black bold underlined: Bgl II restriction site (external 
to pGreen T-DNA); green underlined: walking primer; blue: adaptor with nested primer (AP2) underlined; black: genomic DNA or sequences of unknown origin. 
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Miss-recognition of LB and RB 
 
Fragments 1 to 3 and 9 represent cases of backbone integra-
tion at the RB. One possible explanation might be the re-
cognition of the LB as initiation site for T-DNA strand with 
consequent integration of the backbone (van der Graaff et al. 
1996). Because the RB is not efficiently recognised as T-
strand termination, integration continues with the T-DNA 
(Podevin et al. 2006). The other explanation is that integra-
tion starts at the RB and continues through the LB with a 
consequent integration of the entire T-DNA and backbone 
and an additional copy of the T-DNA (de Buck et al. 2000). 
In both cases, a complete copy of the backbone should be 
found in the plants of clones 426 and 428. Specific analyses 
were not carried out for this purpose. The identification in 
plant 426 of a LB that is read through (13) and of a frag-
ment at RB (2) consisting of a long backbone sequence 
(1350 bp) support the hypothesis that either a read-through 
LB or RB may have taken place. 

A read-through vector backbone is also evident in frag-
ment 16. The LB junctions 14 and 15 curiously share 11 
bases of a putative genomic or filler DNA even though they 
belong to two diverse plant clones. 
 
Re-arrangements of the T-strand 
 
Recombination of the T-DNA is evident in fragments 1 and 
5. Downstream of the RB, the sequence of fragment 1 is 
characterized by a brief backbone strand between short 
strands of unknown origin; the sequences continue with a 
segment of the rolABC genes (bases 1204 to 1554). In frag-
ment 5 the rolABC genes are nicked 50 bp before the RB; 
the sequence continues with a rolABC sequence from bases 
1067 to 1157. 
 
Additional remarks 
 
In most sequenced fragments, the correct adaptor sequence 
was identified. In one case (fragment 4), the nested adaptor 
primer follows the T-DNA sequence directly and no restric-
tion site of the Pvu II enzyme was found. In additional two 
cases, the adaptor is ligated to a sequence that does not cor-
respond exactly to the expected restriction enzyme site: 
fragment 2 (Pvu II library: CAC instead of CAG); fragment 
12 (Rsa I library: one base between the expected GT and 
adaptor). 

AL-PCR analysis (Table 2) and sequence of some of 
the amplified fragments (Table 3) demonstrate that none of 
the three marker-free plant clones expressing rolABC integ-
rates a single copy of the genes. In addition, backbone se-
quences were found in all plants. Taken together these data 
indicate that this material needs further steps of conven-
tional breeding, such as crosses with non-transgenic plants, 
to identify progenies that respond to the objective of inser-
ting the minimum amount of DNA required for the correct 
expression of the transgene(s). 
 
CONCLUSIONS 
 
The absence in transgenic plants of marker genes and fur-
ther sequences, not essential for the correct expression or si-
lencing of the useful transgene, is a critical requisite to res-
pond either to public concern or to address technical de-
mands. Several papers (Laura et al. 2003; Vetten et al. 
2003; Jia et al. 2007) demonstrate that transformation with 
the useful gene only seems to be the choice procedure for 
species with a good regeneration ability and transformation 
competence (e.g. cassava, potato, Osteospermum and to-
bacco). In less easy-to-handle species, the utilisation of a 
marker gene that gives a selective advantage with mecha-
nisms diverse from resistance to antibiotics/herbicides, the 
utilisation of visible markers or the elimination of the mar-
ker gene from transgenic plants by a range of methods, may 
be more advantageous. Transformation vectors with a mini-
mum T-DNA characterized by a short polylinker only, such 

as pGreen adaptor and its derivative (pGreen rol C and 
pGreen rolABC), may reduce the extent of unwanted se-
quences on the T-DNA. In this work, AL-PCR analysis of 
marker-free plants expressing the rolABC and sequencing of 
derived products confirms previous evidence (Mayerhofer 
et al. 1991; van der Graaff et al. 1996), demonstrating that 
mis-recognition of LB and RB by the Agrobacterium ma-
chinery is one of the major reasons leading to integration in 
the plant of the desired genes linked to backbone sequences. 
Podevin et al. (2006) found that the addition of inner and/or 
outer Agrobacterium-derived sequences to the 24 bp repeat 
of LB enhanced border recognition. The tandem occurrence 
of octopine and nopaline regions, surrounding the respec-
tive LB repeats, gave the highest contribution to the im-
provement of correct T-DNA transfer (62% correct LB re-
cognition). The effect of tandem copy of LB on correct ter-
mination of the T-strand is not clear on the base of the con-
trasting results of Kuraya et al. (2004) and of Podevin et al. 
(2006). Other factors such as vir genes carried on resident 
vector, binary vector and co-cultivation conditions should 
be taken into account. These factors must be considered 
during the preparation of further transfer vectors. Rommens 
(2004) posed a concept of “All native DNA transformation” 
signifying the opportunity to engineering in a given species 
genetic material of sexually compatible species only. Con-
cerning this view or in a more realistic view of “cisgenic 
plants”, whose insertion in planta is of genetic material 
from plant only, our aim is to identify plant sequences, 
similar to the Agrobacterium sequence surrounding the LB, 
that still serve to correctly recognise the LB. 
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