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Abstract

A modified low copy number plant binary vector pUN has been constructed and successfully used to clone unstable
DNA sequences. The vector pUN comprises of low copy number, broad host range RK2 replicon from pBin19 and of
multiple cloning site (MCS) and T-DNA region, both from a pBINPLUS-derived pLV06 vector. The absence of the
ColE1 replicon in the backbone of the binary vector significantly contributed to stability of hardly clonable DNA

sequences and enabled their transfer into the tobacco plants through Agrobacterium-mediated transformation.
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The most efficient system for gene transfer into plants is
Agrobacterium-mediated transformation that exploits the
natural ability of the soil microorganism to transform
wide range of plant species (for review see Hansen and
Wright 1999, Cheng et al. 2004, Uranbey et al. 2005).
The genes to be transferred via bacterial Ti plasmid are
cloned between the borders of its T-DNA region. The
majority of binary vectors harbour an origin of replication
from a broad host range plasmid that ensures replication
in both Escherichia coli (cloning procedure) and
Agrobacterium (transformation of plants). For example,
one of the first binary vectors pBinl9 (Bevan 1984)
possesses an origin RK2 and produce 4 - 5 copies in
E. coli (Kahn et al. 1979). To facilitate DNA manipu-
lation in E. coli, the copy number and therefore plasmid
yields, have been increased (up to 40 copies per cell) in
many other binary vectors by incorporating a ColEl
replicon into the backbone of the vectors (for review see
Hellens et al. 2000). On the other hand, increased copy
number (due to presence and utility of two active
independent origins) can result in increased metabolic
cost to the host cell (Goss and Peccoud 1999) and/or
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instability of some cloned DNA sequences. Several
authors have reported structural instability of moderate or
high copy number plasmids encountered in heterologous
cloning (Trinh et al. 1994, Ordway and Detloff 1996,
Pierson and Barcak 1999). In addition to copy number of
the plasmid and metabolic burden of plasmid
maintenance, there are some other factors that influence
stability of the plasmid. These include, for example, host
strain genotype or recombinogenic potential of plasmid
sequences.

The aim of our work was to prepare the binary
transformation vector construct pEV2 comprising the
Cre/loxP site-specific recombination system to be used in
plant transformation experiments. We came out from the
prediction that a low copy vector may overcome the
deleterious effects of unstable DNA fragments cloned
into E. coli (Pierson and Barcak 1999). As the majority of
current binary vectors contain moderate or high copy
number origin of replication we decided to prepare low
copy number binary vector pUN, derivate of the pLV06
(Mlynarova et al. 2002) that contains, in contrast to
pLV06 vector, only low copy number replicon RK2

Abbreviations: GUS - B-glucuronidase; MCS - multiple cloning site; NPTII, NPTIII - neomycin phosphotransferase 1l and I11.
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(Fig. 1A). The vector lacks the selectable marker gene in
T-DNA. This coincides with the current trend to clone
selectable marker gene independently based on the
marker genes available and intended experiment.
Subsequently, under the same experimental condi-
tions, the 2 kb Ascl-Asp718 fragment of nos/nptll-loxP
and the 6 kb Pacl-Ascl fragment of dCaMV35S/gus-loxP-
cru/cre™T were cloned into polylinker of T-DNA of
binary vector pUN (Pacl-Asp718) (Fig. 1B). From the
first set of 12 recombinant plasmids analysed 4 recombi-
nants revealed correct full-length inserts without any
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rearrangements (Fig. 2). The resulting pUN-based binary
vector construct pEV2 appeared to be stable in
Agrobacterium tumefaciens LBA 4404. This was verified
after retransformation to E. coli and restriction mapping
of isolated corresponding plasmids. Cloning success we
got by using the binary vector pUN suggests that a
reduction in copy number may alleviate certain instability
problems encountered in heterologous cloning. This
vector construct was successfully used in tobacco
explants transformation (data not shown).
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Fig. 1. Strategy for preparation of plant binary construct pEV2. A - The construction of plant transformation vector pUN. The 4.23 kb
fragment of pLVO06 was ligated to a 5.46 kb (Notl- Nrul) fragment of p Binl19. The unique restriction sites in the MCS are: Pvul
(Pacl (351), EcoRlI (355), Sacl (365), Xmal (371), Kpnl (371), Smal (373), BamHI (376), Xbal (382), Sall (388), Sphl (404), HindlII
(406), Ascl (413), Clal (714), Nhel (719), Xhol (725), Scal (733), Spel (737). B - The construction of plant binary vector pEV2. The
6 kb Pacl - Ascl fragment of dCaMV 35S/GUS-lox-Cru/Cre and 2 kb Ascl - Asp718 fragment of nos/nptll - lox were cloned into
Pacl - Asp718 sites of pUN vector. Abbreviations used: RB, LB - right and left borders of T-DNA; MCS multiple cloning site,
NPTII, NPTIII - neomycin phosphotransferase marker genes providing the selection in Agrobacterium or E. coli, respectively,
containing the plasmid, dCaMV - double CaMV 35S promoter; GUS - glucuronidase gene; cru - cruciferin promoter; CRE™'- Cre-
recombinase gene comprising intron; nos - nopaline synthase promoter; lox - 34 bp loxP sites (to be used in Cre-lox recombination

assays).
In our hands, the -cassette incorporating
dCaMV35S/gus-loxP-cru/cre™-nos/nptl1-loxP had

presented cloning problems in ColE1-containing binary
vector pLVO06 prior to the use of pUN as a cloning vector.
It has been shown, that AT- and GC-rich sequences, the
sequences with strong secondary structure or large inserts
are unstable in high copy vectors for reasons less well
understood so far (Tao and Zhang 1998, Pierson and
Barcak 1999, Frary and Hamilton 2001). It can be due to
various causes occurring in the course of replication
(topological barriers), transcription (strong promoters),
and/or translation (gene product itself interferes with
normal metabolism). These difficulties can be
successfully overcome by using bacterial host strains
(SURE cells from Stratagene, La Jolla, USA, STBL2™

and STBL4™ cells from Life Technologies, Carlsbad,
USA) that were designed specifically for increasing
stability of problematic plasmids. These engineered
strains can be very helpful in cases when causes of
instabili’s}/ are predicted. For example STBL2™ and
STBL4™ cells are recommended for stable cloning direct
repeats and tandem array genes. SURE cells can stabilize
DNA sequences with non-standard secondary and tertiary
structures. However these strains have some limitations.
For example STBL2™ does not contain the AM15lacZ
domain for blue-white screening of recombinants. SURE
carries Tn5 transposon fragment encoding the kanamycin
resistance gene and therefore is not convenient to be
transformed by the most plant binary vectors that contain
neomycin phosphotransferase selectable gene.
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Low copy number plasmids represent an alternative
recommended for cloning and maintaining unstable or
long DNA sequences (Tao and Zhang 1988, Lernar

1 2

Fig. 2. The restriction pattern of vector construct pEV2
restricted by Xhol restriction enzyme. Lane 1 - 1 kb DNA
ladder, lane 2 - peV2/Xhol.
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to stability of cloned inserts.
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available so far.
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