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Summary

Border fragments of the octopine Ti-plasmid were tested for their ability to restore tumorigenicity of an
avirulent mutant carrying a deleted right border. It was found that neither introduction of left border frag-
ments nor that of small right border fragments at the position of the deletion resulted in a complete restora-
tion of oncogenicity. However, insertion of a larger right border fragment in the deletion mutant gave fully
oncogenic strains. In the latter case sequences to the right side of the right border repeat were found to be
responsible for a complete restoration of oncogenicity. Also a left border repeat inserted together with this
enhancer sequence fully restored the oncogenicity of the deletion mutant. The enhancer-sequence on itself
was not able to mediate the transfer of the T-region to the plant cell. Border fragments inserted in inverted
orientation in the deletion mutant were able to mediate the transfer of the T-region to the plant cell, but at

a reduced frequency.

Introduction

Infection of wound sites on dicotyledonous
plants with the soil bacterium, Agrobacterium
tumefaciens results in the development of Crown
Gall tumors (38). During infection Agrobacterium
transfers part of its tumor inducing (Ti) plasmid
(40) to the plant cells, which becomes stably in-
tegrated into the plant genome (8). This transferred
DNA (T-DNA) harbors genes coding for the
production of the plant hormones auxin and
cytokinin, allowing the tumor cells to grow on hor-
mone free culture media (1, 7, 19, 34, 39). Further-
more T-DNA genes direct the synthesis of amino
acid derivatives, called opines. The opines synthe-
sized are characteristic for the type of Ti-plasmid
present in A. fumefaciens (6, 12). Best studied are
octopine and nopaline type Ti-plasmids.

Sequence data showed that the Tregion is
flanked by two imperfect direct repeats of 24 bp in
the Ti-plasmid (3). Studies on the T-DNA content
of different transformed plant tumor lines revealed

that the integration of T-DNA into the plant ge-
nome often takes place at or near these border
repeats (17, 24, 36, 37, 44).

Mutagenesis of the T-region showed that none of
the T-region genes are essential for the transfer of
this DNA to the plant cell (13, 25). The region on
the Ti-plasmid, which harbors genes essential for
the transfer process is called the virulence (Vir) re-
gion (11, 28). This Vir-region itself is not trans-
ferred to the plant genome. Products of the Vir-
region are probably directly involved in the transfer
of the T-region to the plant cell.

The T-region and Vir-region can be separated on
different replicons without loss of oncogenicity (9,
14). Even if the T-region is inserted into the chro-
mosome of A. tumefaciens and the vir-genes are lo-
cated on a plasmid, the T-region can still be trans-
ferred to the plant cell (15). Plant vectors based on
such binary systems have been developed for the
transfer of foreign DNA to the plant cell (2, 4, 16).
The artificial T-region in these vectors embraces
only the border fragments containing the 24 bp im-
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perfect repeats of the T-region, but is still efficient-
ly transferred to the plant cell if a plasmid with the
vir-genes is present in the same Agrobacterium cell.
This proves the importance of the border fragments
in the DNA transfer process.

In contrast to the nopaline Ti-plasmid the octo-
pine Ti-plasmid has two separated T-regions (TL-
and TR-region), both of which can be found in-
tegrated unlinked in transformed plant tissues.
Each of these T-regions is flanked by 24 bp imper-
fect repeats (3). The TL-region harbors the onc-
genes and the octopine-synthase (ocs) gene (29).
The TR-region is not essential for tumor induction
on the plant.

Studies on the border fragments of the T-region
showed that a deletion of the left border repeat did
not result in any detectable effect on the T-region
transfer process (13, 21), while deletion of the right
border of the nopaline T-region (35) and of the oc-
topine T-region (30) resulted in the loss of oncoge-
nicity. The onc-genes and the vir-genes essential for
tumor induction were still intact in these deletion
mutants.

Here we report a study aiming to understand why
left and right hand border repeats behave different-
ly upon mutation. These differences might be ex-
plained either by the difference in orientation of
the repeats relative to the onc-genes or by a differ-
ence in sequence between the 24bp border repeats
or differences in their surrounding sequences. A
fourth possibility might be the availability of
‘pseudo-borders’, which are sequences homolo-

Table 1. Bacterial strains used in this study.

gous with the 24bp repeats, near some of the delet-
ed border repeats. If available in direct repeat with
the remaining border repeat these pseudo-borders
might take over the function of the deleted border
repeat. To investigate these possibilities we used a
right border deletion mutant of the octopine Ti-
plasmid to test different border fragments on their
ability to complement this mutation.

In the course of our study Peralta ef al. (32)
demonstrated the presence of an enhancer se-
quence at the right hand side of the right border re-
peat. Here we report on the interaction of this en-
hancer sequence with left and right border repeats
in the transfer process of the T-region to the plant
cell.

Materials and methods
Bacterial strains

The bacterial strains used in this study are listed
in Table 1.

DNA isolation procedures

E. coli plasmid DNA was isolated from overnight
cultures in LC medium, using the rapid alkaline ly-
sis procedure of Birnboim and Doly (5). Before li-
gation, desired restriction fragments were isolated
from agarose or polyacrylamide gels by electroelu-
tion. Total DNA from A. tumefaciens was prepared

Strain Markers Plasmid Reference or source
A. tumefaciens
LBAI1010 rif pTiB6 (23)
LBA288 rif - (18)
LBA4417 rif pTi (Sm Ocs- Ape- Occ-) pAL4417 30)
E. coli
KMBL1164 thi pro lac - P. van de Putte
IM101 (lac proAB) supE - 43)
thi F' (D36 proAB
lacIQz M15)
GM48 dam3 dem6 thrl - C. C. Richardson
leu6 thil lacY1
galK2 galT22
aral4 tonA3l
tsx78 supE44
Cel40 Km Tra* (RK2) pRK2013 (10)
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according to Ooms et al. (29).
Bacterial conjugation

pBR322 derivatives were transferred from E. coli
KMBLI1164 to A. tumefaciens 1.BA4417 by
triparental matings using pRK2013 as the helper
plasmid (18).

DNA manipulations

Restriction-endonuclease  digestion, dephos-
phorylation, agarose-gel electrophoresis, Southern
blotting, DNA-DNA filter hybridization, nick
translation and autoradiography were performed
essentially as described in Maniatis et al. (26).

Border fragment clones

pRALS001 contains the TL right border repeat
on a 315 bp BamHI-SstI restriction fragment,
coordinates 13774 to 14098 (3), inserted into the
pICI9R multilinker (27).

pRALS5002 contains the TR left border repeat on
a 965 bp Bcll restriction fragment (coordinates
14973 to 15938) inserted into the BamHI site of
pICI9R, with the pIC19R Xhol site on the right
hand side of the border fragment.
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pRALS5003 contains a 622 bp SstI-Bcll fragment
(coordinates 14089 to 14711) inserted into the Sstl
and BamHI sites of pIC19R. pRAL5004 contains
the TL right border repeat on a 937 bp BamHI-
Bell restriction fragment (coordinates 13774 to
14711) inserted into the BamHI site of pICISR.

To insert the right hand side flanking region of
the TL right border repeat next to the TR left bor-
der repeat, this region was excised from pRAL5003
as a Smal-Xhol (pICI9R sites) fragment and ligat-
ed into EcoRV-Sall cut pRALS5002. The resulting
plasmid, pRALS5005, contains both the TR left
border repeat and the TL right border flanking re-
gion in wild type orientation.

Introduction of border fragments in LBA4417

Border fragments to be assayed for restoration of
oncogenicity in LBA4417 were cloned into the
EcoRI site of pRAL5200. This plasmid is a pBR322
derivative, containing a 3761 bp BamHI-EcoRI re-
striction fragment from the priAchS BamHI-17A
fragment, exhibiting overlap and allowing homolo-
gous recombination with the right hand end of T-
DNA in LBA4417. Furthermore, pRALS5200 con-
tains the spectinomycin resistance marker from Tn7
as a 3 Kb BamHI restriction fragment, inserted into
the pBR322 BamHI site. Introduction of an extra

Table 2. Oncogenicity assays of A. tumefaciens strains harboring cointegrate plasmids resulting from homologous recombination be-
tween pAL4417 and derivatives of the shuttle vector pRAL5200 containing different T-region border fragments. Every strain was tested
at least in duplicate on each plant species. Abbreviations used for the description of border fragments are explained in the text. Plants

were scored 3 weeks after inoculation.

Strain Border fragment Oncogenicity assays*

K. daigr K. tubi N. glauca L. esc P. sat
LBA288 - - - - -
LBA1010 (pTiB6) ++ + ++ + ++ + ++ + + 4+ +
LBA4417 (pAL4417) - - - - -
LBAS5200 (pAL5200) — (shuttle vector) - - - - -
LBAS201 (pALS5201) LB + + + + +/—
LBA5202 (pAL5202) LB inverted - +/- - - -
LBA5203 (pALS5203) RB + + + + +/-
LBA5204 (pAL5204) RB inverted - +/- - - -
LBAS5205 (pALS205) LBE ++ + + + + + + + + 4+ + + + +
LBAS5206 (pAL5206) LBE inverted + + + + + + +/- +/ -
LBAS5207 (pALS5207) RBE ++ + ++ + ++ + ++ + ++ +
LBA5208 (pALS5208) RBE inverted + + + +/- +/-
LBAS5209 (pAL5209) E - - - - -
LBAS5210 (pALS5210) E inverted - - - - —

*: Symbols indicate:

—, avirulent; +/—, very weakly virulent; + to + +, partiaily virulent; + + +, fully virulent.
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marker in addition to the pBR322 carbenicillin re-
sistance marker is necessary to allow efficient selec-
tion of exconjugants in an A. tumefaciens Ach5
chromosomal background.

A list of the pRAL5200 derived plasmids is
presented in Table 2. After triparental mating with
pRK2013 as a helper plasmid, exconjugants were
selected by plating on mineral medium with glucose
(41), supplemented with the antibiotics rifampicin
(20 pg/ml) and spectinomycin (250 pg/ml).

The structure of all exconjugants was checked by
hybridization analysis.

Virulence assays

Two independent exconjugants of every triparen-
tal mating were each tested in duplo on stems of
Nicotiana glauca, Kalanchoe daigremontiana, K.
tubiflora and Lycopersicon esculentum as
described previously (28).

Furthermore, virulence assays were performed
on decapitated seedlings of Pisum sativum.

Results
A system for the assay of border activities

In the experiments described below, we used a
pliAchS right border mutant called LBA4417, This
mutant, which was isolated in our laboratory previ-
ously (30), harbors an octopine Ti-plasmid
(pAL4417) with a 60 Kb deletion from within frag-
ment Smal-6 up to a site within fragment
BamHI-17a in the TL-region (Fig. 1). Therefore,
pAL4417 lacks the genes for octopine catabolism
(occ) and phage AP-1 exclusion (ape). We per-
formed a detailed restriction enzyme analysis to
map the endpoint of the deletion within the TL-
region as accurately as possible. This revealed that
the deletion ends in the coding sequence of the oc-
topine synthase gene between base-coordinates
11205 and 11832 on the map of Barker ef al, 1983
(3). This means that in pAL4417 the TR-region is
completely deleted as well as the right border repeat
of the TL-region, but all the onc and vir genes,
which are necessary for plant tumor induction, are
still present on the plasmid.

Inoculation of LBA4417 on Kalanchoe
daigremontiana did not result in tumor formation.

Fig. 1. Smal restriction map of the octopine Ti plasmid pTiAch5
(30) (TL; TR: TL and TR region, respectively). Triangle indi-
cates positions of left (LB) and right (RB) 24 bp border repeats.
Open bar indicates the deletion in pAL4417.

Eight weeks after infection no tumors were visible,
whereas large tumors were present already three
weeks after inoculation with a wild-type strain like
LBAI1010 (Table 2).

In order to prove that the loss of oncogenicity of
LBA4417 is due to the deletion of its right border
repeat indeed, we developed a shuttle vector which
enabled us to reintroduce the border repeat in
pAL4417. This shuttle vector, called pRAL5200,
consists of pBR322, a spectinomycin resistance
(Sp") marker and a pliAchS fragment (Fig. 2).
This latter pliAch5-DNA fragment provides a
homologous region of approximately 2.1 Kb be-
tween the shuttle plasmid and pAL4417. After in-
troduction of the shuttle vector in LBA4417 recom-
bination can occur between the 2.1 Kb segment and
its homologous counterpart, which is situated adja-
cent to the left end of the deletion in pAL4417. This
results in the integration of the complete shuttle
vector in pAL4417 at the right hand side of the onc-
genes (see Materials and Methods). In the shuttle
vector the unique EcoRI-restriction site present ad-
jacent to this homologous region, was used for the
insertion of different border fragments. After in-
tegration of the (loaded) shuttle vector into
pAL4417 the load (border fragments) ends up
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Fig. 2. EcoRI, Smal and BamHI restriction map of the octopine T-region of pTiAchS. Open bar represents the deletion in pAL4417,
hatched bar indicates the homologous region between the shuttle vector pRALS5200 and pAL4417.

directly at the place of the deleted right border
(Fig. 2).

Using the shuttle vector the deleted right border
fragment, called RBE, was reintroduced into
pAL4417. This resulted in a complete restoration of
the oncogenicity of LBA4417 (Table 2; strain
LBAS5207). Therefore, we conclude that the loss of
oncogenicity of LBA4417 indeed is due solely to
the deletion of the right border fragment of its TL-
region.

In the following parts of this paper we describe
experiments in which we used the shuttle vector to
introduce different border fragments into
pAL4417. In all these experiments we verified by
Southern blotting experiments whether the shuttle
vector with the border fragments had inserted into
pPAL4417 at the proper position and in the correct
orientation (Fig. 3A). Since it was possible that

more than one copy of the (loaded) shuttle vector
had integrated into pAL4417, we also checked the
number of copies present in the different constructs
by Southern blotting.

It appeared that in most cases only one copy of
the shuttle vector has integrated into pAL4417. For
comparative biological assays we only used strains
with constructs that contained the (loaded) shuttle
vector as a single insert (Fig. 3B). However, the
number of inserted copies present did not have a
drastic influence on the oncogenicity of the strains.

Left and right border regions play a different role
in the Tregion transfer process

In contrast with the strain containing a wild-type
Ti plasmid, LBA1010, which induced large tumors
on all plants tested, LBA4417 did not induce any

(A) (B)

Fig. 3. (A) Southern blots of total DNA isolations from strains LBA4417, LBA5200, LBA5205 and LBA5206 digested with BamHI
and probed with pRAL5200. (B) Southern blots of total DNA from independent exconjugants from triparental matings with pRAL5205
and pRAL5206 digested with EcoRI and probed with pBR322 containing the EcoRI-19a fragment of pliAchS. Lane 1-3 show single

inserts of the shuttle vector, lane 4 shows a multiple insertion.
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visible tumor on K. tubiflora, K. daigremontiana,
P. sativum, N. glauca and L. esculentum within
8 weeks after inoculation.

Infection of plants with a derivative of LBA4417,
containing the borderless shuttle vector pRAL5200
in pAL4417, gave exactly the same negative re-
sponse as LBA44]17 (Table 2; strain LBAS5200).
Thus the sequences present in pRAL5200 cannot
restore oncogenicity in LBA4417.

With the objective to test whether the orientation
of a border repeat is of importance in the transfer
of the T-region to the plant cell, we first introduced
the right border fragment (RBE) of the octopine
TL-region in pAL4417, in an inverted orientation
— relative to the left border repeat — in pAL4417.
The resulting strain (L BAS5208) was definitely more
tumorigenic than LBA4417, but less than wild-type
strains (Table 2). This shows that the orientation of
this right border fragment relative to the onc-genes
is important in the transfer process. Insertion of the
left border fragment of the octopine TR-region
(LB) in pAL4417 in either orientation resulted in
strains that gave very attenuated responses on
plants after inoculation (Table 2; strains LBAS5201
and LBAS5202). This showed that apart from the
difference in orientation between left and right bor-
der repeat relative to the onc-genes in the T-region
there is another functional difference between left
and right border fragments.

Sequences adjacent to the right border repeat en-
hance the transfer of DNA to the plant cell

To study whether sequences surrounding the
right border repeat of the octopine TL-region are
important in the DNA-transfer process, we inserted
a smaller fragment containing the 24 bp right bor-
der repeat in pAL4417.

Introduction in pAL4417 of a 315 bp (BamHI-
Sstl) fragment, called RB, of the octopine Ti-
plasmid into pAL4417 resulted in strain LBA5203.
Fragment RB harbors the right 24 bp border repeat
of the TL-region flanked by only 7 bp of Ti-DNA
on its right-hand side. Strain LBAS5203 induced
tumors but was clearly less oncogenic than wild-
type strains (Table 2).

As described above insertion of a larger fragment
containing besides the right border repeat of the
TL-region an extra 622 bp to the right of the 24 bp
repeat into pAL4417, resulted in strains such as

LBAS5207 that are able to induce tumors of a size
comparable to those induced by wild-types.

It can therefore be concluded that apart from the
right border repeat also a sequence to the right of
this repeat is important for tumor induction. This
second sequence is apparently not absolutely essen-
tial for Tregion transfer, but functions as an
enhancer-like sequence.

Effect of the enhancer-like sequence on different
border repeats

Strain LBA5201, which contains pAL4417 with
the left border repeat of the octopine TR-region
(LB) inserted in direct repeat with the TL-region
left border repeat gave a tumor response compara-
ble with a strain containing the right border repeat
without the enhancing sequence (LBA5203). How-
ever, when the 622 bp SstI-Bcll fragment (E) con-
taining the enhancer-like sequence of the right bor-
der was cloned to the right of this left border repeat
in its native orientation (LBE), the resulting strain
(LBAS5205) induced tumors of a wild-type size on
the plants tested (Fig. 4; Table 2).

Insertion of this enhancing fragment (E) in ei-
ther orientation in pAL4417 in the absence of a
border repeat (LBAS5209 and LBAS5210) did not re-
sult in a tumorigenic strain. This underlines the
prime importance of the 24 bp imperfect repeats in
the process of T-region transfer to the plant.

Fig. 4. Stem segments of N. glauca three weeks after inocula-
tion with strains LBAS5205, LBAS5206, LBA5201 and LBAS5202.



When introduced in inverted orientation — com-
pared to the left border repeat in pAL4417 — both
the left (LB) and the right border repeat (RB) gave
rise to strains (LBAS5202 and LBAS5204) that in-
duced no or very attenuated tumors dependent on
the plant species tested. The presence of the 622 bp
enhancing fragment next to these inverted border
repeats (LBE and RBE) resulted in strains
(LBAS5206 and LBAS5208), that were much more
oncogenic than LBAS202 and LBA5204 (Table 2).
Strain LBAS5206, containing the left border repeat
in inverted orientation was more oncogenic than
LBAS5208 with the right border fragment in invert-
ed orientation. In these cases the enhancer-like se-
quence is present on the left hand side of the border
repeat and situated in inverted orientation relative
to the onc-genes. In spite of an inverted orientation
the enhancer fragment apparently still has the ca-
pacity to stimulate the frequency of T-region trans-
fer.

Discussion

For our studies we used a system developed previ-
ously for the nopaline Ti-plasmid (42), to study the
function of border fragments in an octopine Ti-
plasmid. For this purpose we used a non-oncogenic
Ti-plasmid mutant (pAL4417) deleted over its right
TL-region border repeat (30). Via a shuttle vector
called pRAL5200 we were able to reinsert, by a sin-
gle cross over event, border fragments into
pAL4417.

Insertion of the shuttle vector itself in pAL4417
did not make the host oncogenic. This shows that
the vector does not contain any sequences that can
promote transfer of the onc-genes to the plant cell.
However reinsertion of a right border fragment in
pPAL4417 (via the shuttle vector) restored the on-
cogenicity of the strain to wild-type level
(LBAS5207). Therefore we concluded that the loss
of oncogenicity of LBA4417 is due to the deletion
of its right border fragment indeed.

The fact that LBA4417 lost its oncogenicity due
to the deletion of the right border fragment means
that the left border, which is still available in
pAL4417 is not able to mediate the transfer of onc-
genes to the plant cell on its own. In contrast mu-
tants that lack the left border repeat can still effi-
ciently transfer the onc-genes to the plant cell (13,
21).
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The difference between left border and right bor-
der deletion mutants in their ability to transfer the
onc-genes to the plant cell can be explained in vari-
ous ways; 1) by a difference in orientation of the
border repeat relative to the onc-genes, 2) by differ-
ences in the sequences of the 24 bp border repeats,
3) by the presence of pseudo border repeats near
the deleted border repeat, 4) by differences in the
surrounding sequences of the 24 bp border repeats.
Our results show clearly that a right border repeat
together with surrounding sequences, not only in
normal, but also in inverted orientation can mediate
the transfer of the T-region to the plant cell. We
therefore conclude that it is not the difference in
orientation that is responsible for the large differ-
ence in effect between left and right border repeats.

We subsequently sorted out whether the differ-
ence between a left and right border repeat was due
mainly to differences between the 24 bp border
repeats themselves or to their surrounding se-
quences. Our results show that a 622 bp fragment
on the right hand side of the right 24 bp border re-
peat of the octopine TL-region is responsible for
enhancing the transfer from right border repeats.
Peralta et al. found a similar effect and suggested
that this enhancer is represented by a consensus se-
quence, called ‘overdrive’, found next to the right
border repeats of the octopine TL-region and TR-
region (32).

In the experiments presented here it was shown
that the enhancer fragment is not only able to en-
hance the T-region transfer mediated by a right bor-
der repeat but also (and as efficiently) the DNA
transfer mediated by a left border repeat. Thus the
enhancing sequence works also in combination
with left border repeats. The fact that a left border
repeat can function efficiently as a right border re-
peat in transferring the T-region to the plant proves
that left and right border 24 bp sequences can per-
form identical functions.

The observation made in our experiments that a
left border repeat — when inserted on the place of
the right border repeat — can transfer the T-region
to the plant cell as efficiently as the original right
border repeat is in contrast with a report of Rubin
(33). Using a small (14Kb) binary construct he
found that the left border repeat of the octopine
TL-region is not able to transfer onc-genes to the
plant cell. The difference between the experiments
done by Rubin (33) and ourselves is that Rubin
used a large fragment containing the left border of
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the octopine TL-region, while we used a fragment
(LB) containing the left border of the TR-region
with only a few bases (20 bp) of Ti-DNA on the
right hand side of the 24 bp repeat. Therefore it
cannot be excluded that sequences surrounding the
left border repeats might have an inhibiting func-
tion in the T-region transfer process. This possibili-
ty is currently under investigation in our laborato-
ry.

Results presented here with the octopine right
border repeat are in disagreement with the results
obtained by Wang et al. (42) who have studied the
right border repeat of the nopaline T-region. They
reported that a synthetic right border repeat
(25 bp) of the nopaline T-region is able to mediate
DNA-transfer with wild-type efficiency (42). How-
ever from the experiments presented here it is
shown that the transfer of the octopine T-region
mediated by the right and left border repeat in the
absence of an enhancing sequence occurs with a
significantly lower efficiency.

These results suggest that certain elements in the
transfer mechanism used to transfer a nopaline T
région are somehow different from the mechanism
used to transfer an octopine T-region. One of such
differences could lie in the absence of a functional
enhancer-like sequence in the nopaline Ti-plasmid.
Another possibility is that in the constructions
used by Wang ef al. (42) an unidentified enhancer-
like sequence is available coincidentally near the in-
sertion site of the border repeats. Currently we are
testing the nopaline border repeats in our system to
investigate these possibilities. Furthermore we will
use this system to test synthetic 24 bp border
repeats as well as mutated derivatives in order to
determine the nucleotides essential for border ac-
tivity.

Our experiments in which border fragments with
or without the enhancer were inserted in inverted
repeat relative to the left border repeat in pAL4417,
have shown that these border fragments were still
able to mediate the transfer of onc-genes to the
plant cell. Without the enhancer, however the tu-
morous response was visible only on certain plant
species. With the enhancer fragment (E) present
next to the border repeats in inverted orientation
the tumorous response was strongly increased. This
demonstrated the general enhancer like character
of the enhancer fragment. Apparently this se-
quence can still stimulate the efficiency of T-region

transfer, even when present on the left side of the
border repeat and in an opposite orientation rela-
tive to the onc-genes. Similar characteristics have
been found for enhancer sequences of the G-
inversion system of bacteriophage Mu (22) and of
the Hin-mediated site-specific recombination in
Salmonella (20).

We unexpectedly found that a fragment contain-
ing the left border repeat with the enhancer-like se-
quence (LBE), together in an inverted orientation,
mediates T-region transfer more efficiently than a
fragment containing the right border repeat with its
enhancer (RBE) together in an inverted orientation
(LBA5206 and LBAS5208). If the 24 bp repeats
would be functional in inverted orientation an
identical response would have been expected. In or-
der to explain these results we might assume that
other sequences (‘pseudo borders’) present in the
border fragments — in direct repeat relative to the
left border repeat — are mediating transfer instead
of the regular 24 bp sequences. By comparison of
the DNA sequences of the fragments inserted in
pAL4417 we found a more conserved pseudo bor-
der in the fragment containing the left border
(TGGCAGAAGCAGGTATCGAGCC) than in the
right border fragment (GACTGGCAGGATATAT-
ACCGTT). This might account for the detected
difference in oncogenicity between LBAS5206 and
LBAS5208.

In order to obtain an answer to the question
which border repeat is used for T-region transfer in
these cases, we will investigate the T-DNA contents
of the transformed plant tissues obtained.

Acknowledgements

We thank Dr Ron van Veen and Dr Rindert Peer-
bolte for critically reading this manuscript and Dr
E. J. Wykes for providing us with the pIC plasmids.

References

1. Akiyoshi DE, Klee H, Amasino RM, Nester EW, Gordon
MD: T-DNA of Agrobacterium tumefaciens encodes an en-
zyme of cytokinin biosynthesis. Proc Natl Acad Sci USA
81:5994 — 5998, 1984,

2. An G, Watson BD, Stachel S, Gordon MP, Nester EW:
New cloning vehicles for transformation of higher plants.
Embo J 4:277 — 284, 1985.



14.

15.

16.

17.

. Barker RF, ldler KB, Thompson DV, Kemp JD: Nucleo-

tide sequence of the T-DNA region from Agrobacterium
tumefaciens octopine Ti plasmid pTil5955. Plant Mol Biol
2:335-350, 1983.

. Bevan, M.: Binary Agrobacterium vectors for plant trans-

formation. Nucleic Acids Res 12:8711— 8721, 1984.

. Birnboim, HC, Doly J: A rapid alkaline extraction proce-

dure for screening recombinant plasmid DNA. Nucleic
Acids Res. 7:1513 — 1523, 1979.

. Bombhoff G, Klapwijk PM, Kester HCM, Schilperoort RA,

Hernalsteens JP, Schell J: Octopine and nopaline synthesis
and breakdown genetically controlled by a plasmid of
Agrobacterium tumefaciens. Molec Gen Genet 145:
177-181, 1976.

. Braun AC: A physiological basis for autonomous growth

of crown gall tumor cells. Proc Natl Acad Sci USA
44:344 — 349, 1958.

. Chilton MD, Drummond MH, Merlo DJ, Sciaky D, Mon-

toya AL, Gordon MP, Nester EW: Stable incorporation of
plasmid DNA into higher plant cells: the molecular basis of
crowngall tumorigenesis. Cell 11:263 —271, 1977.

. De Framond AJ, Barton KA, Chilton MD: Mini-Ti: a new

vector strategy for plant genetic engineering. Bio/Technol-
ogy 1:262 —269, 1983.

. Figurski DH, Helinski DR: Replication of an origin-

containing derivative of plasmid RK2 dependent on a plas-
mid function provided in trans. Proc Natl Acad Sci USA
76:1648 — 1652, 1979.

. Garfinkel DJ, Nester EW: Agrobacterium tumefaciens

mutants affected in crown gall tumorigenesis and octopine
catabolism. J Bacteriol 144:732 — 743, 1980.

. Guyon P, Chilton MD, Petit A, Tempe J: Agropine in

‘null-type’ crown gall tumors: evidence for generality of the
opine concept. Proc Natl Acad Sci USA 77:2693 — 2697,
1980.

. Hille J, Wullems G, Schilperoort RA: Non-oncogenic T-

region mutants of Agrobacterium tumefaciens do transfer
T-DNA into plant cells. Plant Mol Biol 2:155 — 163, 1983.
Hoekema A, Hirsch PR, Hooykaas PJJ, Schilperoort RA:
A binary plant vector strategy based on separation of Vir-
and T-region of the Agrobacterium tumefaciens Ti-
plasmid. Nature 303:179 — 180, 1983.

Hoekema A, Roelvink PW, Hooykaas PJJ, Schilperoort
RA: Delivery of T-DNA from the Agrobacterium tumefa-
ciens chromosome into plant cells. Embo J 3:2485 — 2490,
1984,

Hoekema A, Van Haaren MJJ, Fellinger AF, Hooykaas
PJJ, Schilperoort RA: Non-oncogenic plant vectors for use
in the Agrobacterium binary system. Plant Mol Biol
5:85—89, 1985.

Holsters M, Villarroel R, Gielen J, Seurinck J, De Greve H,
Van Montagu M, Schell J: An analysis of the boundaries
of the octopine TL-DNA in tumors induced by Agrobac-
terium tumefaciens. Mol Gen Genet 190:35—41, 1983.

. Hooykaas PJJ, Den Dulk-Ras H, Ooms G, Schilperoort

RA: Interactions between octopine and nopaline plasmids
in  Agrobacterium tumefaciens. J Bacteriol 143:
1295 — 1306, 1980.

. Inze D, Follin A, Van Lijsebettens M, Simoens C, Genetel-

lo C, Van Montagu M, Schell J: Genetic analysis of the in-
dividual T-DNA genes of Agrobacterium tumefaciens, fur-

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

103

ther evidence that two genes are involved in indole-3-acetic
acid synthesis. Mol Gen Genet 194:265 — 274, 1984,
Johnson RC, Simon MI: Hin-mediated site specific recom-
bination requires two 26 bp recombination sites and a
60 bp recombinational enhancer. Cell 41:781 - 791, 1985.
Joos H, Timmerman B, Van Montagu M, Schell J: Genetic
analysis of transfer and stabilization of Agrobacterium
DNA in plant cells. Embo J 2:2151 —2160, 1983.
Kahmann R, Rudt F, Koch C, Mertens G: G inversion in
bacteriophage Mu DNA is stimulated by a site within the
invertase gene and a host factor. Cell 41:771 - 780, 1985.

. Koekman BP, Hooykaas PJJ, Schilperoort RA: A func-

tional map of the replicator region of the octopine Ti-
plasmid. Plasmid 7:119 — 132, 1982.

Kwok WW, Nester EW, Gordon MP: Unusual plasmid
DNA organization in an octopine crown gall tumor. Nucle-
ic Acids Res. 13:459—-471, 1985.

Leemans J, Debleare R, Willmitzer L, De Greve H, Hernal-
steens JP, Van Montagu M, Schell J: Genetic identification
of functions of TL-DNA transcripts in octopine crown
galls. Embo J 1:147 — 152, 1982.

Maniatis T, Fritsch EF, Sambrook J: Molecular cloning; a
laboratory manual. Cold Spring Harbor Laboratory, 1982.
Marsh JL, Erfle M, Wykes EJ: The pIC plasmid and phage
vectors with versatile cloning sites for recombinant selec-
tion by insertional inactivation. Gene 32:481 — 485, 1984.
Ooms G, Klapwijk PM, Poulis JA, Schilperoort RA:
Characterization of Tn904 insertions in octopine Ti-
plasmid mutants of Agrobacterium tumefaciens. ] Bacteri-
ol 144:82 -91, 1980.

Ooms G, Hooykaas PJJ, Molenaar G, Schilperoort RA:
Crown gall plant tumors of abnormal morphology, in-
duced by Agrobacterium tumefaciens carrying mutated oc-
topine Ti-plasmids; analysis of T-DNA functions. Gene
14:33 - 50, 1981.

Ooms G, Hooykaas PJJ, Van Veen RJM, Van Beelen P,
Regensburg-Tuink AJG, Schilperoort RA: Octopine Ti-
plasmid deletion mutants of Agrobacterium tumefaciens
with emphasis on the right side of the T-region. Plasmid
7:15-29, 1982,

Peralta EG, Ream LW: T-DNA border sequences required
for crown gall tumorigenesis. Proc Natl Acad Sci USA
82:5112—-5116, 1985.

Peralta EG, Hellmiss R, Ream W: Overdrive, a T-DNA
transmission enhancer on the A. tumefaciens tumour-
inducing plasmid. Embo J 5:1137 1142, 1986.

Rubin RA: Genetic studies on the role of octopine T-DNA
border regions in crown gall tumor formation. Mol Gen Ge-
net 202:312 - 320, 1986.

Schroder G, Klipp W, Hillebrand A, Ehring R, Koncz C,
Schroder J: The conserved part of the T-region in Ti-
plasmids express four proteins in bacteria. Embo J
2:403 — 409, 1983.

Shaw CH, Watson MD, Carter GH, Shaw CH: The right-
hand copy of the nopaline Ti-plasmid 25 bp repeat is re-
quired for tumour formation. Nucleic Acids Res
12:6031 — 6041, 1984.

Simpson RB, O’Hara PJ, Kwok W, Montoya AL, Lichten-
stein C, Gordon MP, Nester EW: DNA from the A6S/2
crown gall tumor contains scrambled Ti-plasmid sequences
near its junctions with plant DNA. Cell 29:1005 - 1014,
1982.



104

37.

38.

39.

40.

41.

Slightom JL, Jouanin L, Leach F, Drong RF, Tepfer D:
Isolation and identification of TL-DNA/plant junctions in
Convolvulus arvensis transformed by Agrobacterium
rhizogenes strain A4. Embo J 4:3069 — 3077, 1985.

Smith EF, Townsend CO: A plant tumor of bacterial ori-
gin. Science 25:671—673, 1907.

Thomashow LS, Reeves S, Thomashow MF: Crown gall
oncogenesis: evidence that a T-DNA gene from the
Agrobacterium Ti-plasmid pTiA6 encodes an enzyme that
catalyzes synthesis of indoleacetic acid. Proc Natl Acad Sci
USA 81:5071 — 5075, 1984,

Van Larebeke N, Engler G, Holsters M, Van Den Elsacker
S, Zaenen I, Schilperoort RA, Schell J: Large plasmid in
Agrobacterium tumefaciens essential for crown gall induc-
ing ability. Nature 252:169— 170, 1974.

Van Schie BJ, Van Dijken JP, Kuenen JG: Non-
coordinated synthesis of glucose dehydrogenase and its

42.

43.

44,

prosthetic group PQQ in Acinetobacter and Pseudomonas
species. FEMS Microbiol. Lett 24:133 — 138, 1984.

Wang K, Herrera-Estrella L, Van Montagu M, Zambryski
P: Right 25 bp terminal sequence of the nopaline T-DNA
is essential for and determines direction of DNA transfer
from Agrobacterium to the plant genome. Cell
38:455 - 462, 1984,

Yanisch-Perron C, Vieira J, Messing J: Improved M13
phage cloning vectors and host strains: nucleotide se-
quences of the MI13mpl8 and pUCI19 vectors. Gene
33:103-119, 1985.

Zambryski P, Depicker A, Kruger K, Goodman HM: Tu-
mor induction by Agrobacterium tumefaciens: analysis of
the boundaries of T-DNA. J Mol Appl Gen 1:361 —370,
1982.

Received and accepted 4 September 1986.



