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ABSTRACT

The stability of the plant transformation vectors pTS2, pEV2 and pEVS8 was tested in
two Agrobacterium tumefaciens strains LBA 4404 and C58C1 that differed in chromosomal
background. The T-DNAs of all binary vectors contained the B-glucuronidase reporter and the
neomycin phosphotransferase selectable marker genes. In addition, the plasmids pEV2 and
pEVS8 contained the Cre/loxP recombination system. The binary vectors were transformed
into A. tumefaciens strains and their stability was evaluated by restriction analyses after
retransformation of plasmids from A. tumefaciens into E. coli. Our results showed that
plasmids pTS2 and pEV2 were stable in both bacterial strains while the pEVS8 exhibited
instability in 4. tunmefaciens LBA 4404.
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INTRODUCTION

Agrobacterium-mediated transformation is one of the most used gene delivery system in
many plant species. Compared with the biolistic transformation, this method has several
advantages. It is inexpensive method that uses intrinsic property of agrobacteria to attack
wounded plant cells while the T-DNA is predominantly integrated into the transcriptionally
active part of the plant chromosome (Kuta and Tripathi, 2005). Thetransferandintegration
ofthe transgene/sinto the nucleus is carried out mainly with help ofplant transformation
vectors called “binaryvectors” (Lee and Gelvin, 2008). The genes of interest are placed on
the T-DNA between the left (LB) and right border (RB) sequences. Till now many binary and
superbinary vectors were successfully used in plant transgenosis (Komori et al. 2007, Lee
and Gelvin 2008). They are different in presence/absence of the selectable marker genes or in
replication functions in E. coli and A. tumefaciens. For example, the binary vectors pBinl19
(Bevan 1984) or pUN (Vaculkova et al., 2007) posse an origin RK2 replicon and produce 4-
5 copies in E. coli while the binary vector pBinPlus (van Engelen et al., 1995) contains
except for RK2 also ColE1 replicon that ensured increased number of copies (40 per cell).
However, increased number can results in increased metabolic cost to the host cell (Goss and
Peccoud, 1999) and/or instability of some cloned (longer, AT-CT rich or prone to secondary
structures) DNA sequences (Pierson and Barcak, 1999, Frariand and Hamilton, 2001).
Several authors have reported structural instability of high copy number plasmids (Ordway
and Detloff 1996, Pierson and Barcak 1999, Vaculkova et al., 2007).

The objective of our study was to test the stability of three plant transformation vectors
pTS2, pEV2 and pEVS in bacterial cells. The T-DNAs of all binary vectors contained the -
glucuronidase(gus) reporter and the neomycin phosphotransferase (nptll) selectable marker
genes. In addition, the plasmids pEV2 and pEVS8 contained the Cre/loxP recombination
system. The Cre/loxP system consists of cre recombinase gene and two loxP sites. Upon
activation, the Crerecombinase mediates recombination event between two /oxP sequences in
direct orientation.Stability of the plasmids in A. fumefaciens was verified by restriction

analyses after retransformation of plasmids from A. tumefaciens into E. coli.
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MATERIAL AND METHODS

Vector constructs

Plasmid pTS2 (Salaj et al., 2009) is a derivate of the pBinPlus (Van Engelen et al.,
1995) that in the T-DNA region contains the gus gene under control of the dCaMV35S
promoter and the npt II gene (Figure 1a).

Plasmid pEV2 (Moravcéikova et al., 2008) is a derivate of the pUN (Vaculkova et al.,
2007). The T-DNA region contains the gus gene under control of the dCaMV35S promoter
and one pair of the lox P sites flanking the cre recombinase and npt 11 genes (Figure 2a).

Plasmid pEV8 (Moravcikova et al., 2011) is a derivate of the pUN (Vaculkova et al.,
2007). The T-DNA region contains the gus gene driven by the light-sensitive Lha3Stl

promoter and one pair of the lox P sites flanking the cre and npt 11 genes (Figure 3a).

Bacteria

Escherichia coli DH5aF" F'/ gyrA96 (Nal') recAl relAl endAl thi-1 hsdR17 (re-my+)
glnV44 deoRA(lacZY A-argF) U169 [®80dA(lacZ)M15] (Woodcock et al., 1989).

Agrobacterium tumefaciens LBA4404[Ach 5, pTiAch 5, occ’, ape’, vir, +::Tn 904,
(Rif%), (Sm™)] (Hoekemaet al., 1983).

Agrobacterium tumefaciens C58C1(Rif%) contains modified Ti plasmid (Goodner et
al.,2001).

Bacteria were cultivated at 37 °C (E. coli) or 28 °C (A. tumefaciens) in the liquid or
solid Luria-Bertani (LB) medium (Sambrook ez al., 1989)supplemented with antibiotics 50
ul.ml™" kanamycin (Duchefa) or 50 pl. ml” kanamycin (Duchefa) and 50 pl. mI™" rifampicin
(Duchefa), respectively.

Stability of the plant transformation vectors in Agrobacterium tumefaciens

The plasmids pTS2, pEV2 and pEVS8 were transformed into 4. tumefaciens LBA 4404
and C58CI1 (separately) using the heat shock methods described by Hofgen and Willmitzer
(1988). Following isolation of plasmids from agrobacterial cells, the plasmid DNAs were re-

transformed into E. coli using the heat shock methods described by Froger and Hall (2007).
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The stability of the binary vectors in A. tumefaciens was verified by restriction analyses of

individual clones (24 per transformation event) isolated from E. coli after retransformation.

RESULTS AND DISCUSSION

Inour experiments, thebinaryvectors pTS2, pEV2 and pEV8(Figure 1a, 2a, 3a)carrying
in their T-DNA regions gus reporter and npt 11 selectable marker genes were used. In addition,
the plasmids pEV2 and pEVS8 contained Cre/loxP recombination system consisting of the
crerecombinaseandtwo34pbloxPsequences. The identity of plasmids was verified by
restriction analyses (data not shown). The stability of the vector constructsin 4. tumefaciens
was tested by transformation of the individual plasmids pTS2, pEV2 and pEVS8into two
Agrobacterium strains (octopine LBA 4404 and nopaline C58C1). Then,the individual
plasmids were isolated from overnight Agrobacterium cultures (LBA4404/pTS2,
LBA4404/pEV2, LBA4404/pEV8, C58C1/pTS2, C58C1/pEV2 and C58C1/pEVS) and
retransformed into E. coli. From each retransformation event (6), 144 clones (24 per event)
were isolated and subjected to the restriction analyses with Hind 1II. The position of the
restriction enzyme in the T-DNA regions of individual plasmids is indicated in Figure 1a, 2a,
3a.

Based on the restriction map of the pTS2, the fragment of size 3 kb (Fig. 1b) is
expected to detect after separation of excised fragments on a 1% agarose gel. Correct
fragments were detected in all analysed clones (LBA4404/pTS2 and C58C1/pTS2).

For the plasmid pEV2, the presence of 4 fragments from 900 bp to 3000 bp indicates
correct Hind Ill-restriction pattern (Figure 2b). Our results showed that restriction analyses of
all 48 clones (LBA4404/pEV2 and C58C1/pEV2) were consistent with expected (Figure 2c,
2d).

Similarly to the restriction map of the pEV2, the digestion of the plasmid pEV8 with
Hind 111 results in excision of the 4 fragments from 900 bp to 3000 bp (Figure 3b). The
correct Hind Ill-restriction pattern was found in all 24 (LBA4404/pEVS8) clones (Figure 3c),
However, analyses of (C58/pEVS) clones revealed that the sizes of 2 fragments did not
correspond to expected in 1 out of 24 clones (Figure 3c, lane 4) indicating an instability of
cloned DNA sequences in bacterial cells. It could be related with presence of the Cre//oxP
recombination system in T-DNA of the binary vector. It was shown that such sequences could
be source of instability in bacteria (Vaculkova ef al, 2007). Similarly, in our previous

experiments (Poléniova ef al., 2012) the binary vector pZP6 containing Cre/loxP sequence

1562




JMBES / Poloniova et al. 2013 : 2 (Special issue 1) 1559-1568

exhibited instability in A. tumefaciens LBA 4404 while nodeletion or rearrangements were
revealed in A. tumefaciens AGLO. It could coincide with different chromosomal background

of bacterial strains used in our experiments (Hellens ez al., 2000).
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Figure 1 Restriction analyses of plasmid pTS2 after retransformation from

A. tumefaciensin to E. coli

(a) T-DNA structure ofpTS2. The T-DNA consists of an intron-containing -glucuronidase
(GUS™") gene under control of the dCaMV35S (d35S) and neomycin phospotranseferase
(NPTII) gene. Both genes are terminated by nosT. (b) The size of individual fragments
expected after Hind 1lI-digestion of pTS2.(¢) Photograph of ethidium bromide stained 1%
agarose gel carrying Hind Il1-digested pTS2 clones (lanes 1-12) after retransformation of
pTS2 from A. tumefaciens LBA4404 into E. coli. (d) Photograph of ethidium bromide stained
1% agarose gel carrying Hind 111-digested pTS2 clones (lanes 1-12) after retransformation of
pTS2 from A4. tumefaciens C58C1 into E. coli. Lane M — 1 kb DNA marker (Fermentas).
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Figure 2 Restriction analyses of plasmid pEV?2 after retransformation from 4.

tumefaciensinto E.coli

(a) T-DNA structure ofpEV2. The T-DNA consists of the B-glucuronidase (GUS) gene under
control of the dCaMV35S (d35S) and /lox P-embedded cassette consisting of the intron-

™NTy gene controlled by the Arabidopsiscruciferin (cruP)

containing cre recombinase (CRE
promoter and neomycin phospotranseferase (NPTII) gene. All genes are terminated by nosT.
(b) The size of individual fragments expected after Hind Ill-digestion of pEV2. (c¢)
Photograph of ethidium bromide stained 1% agarose gel carrying Hind 1lI-digested pEV2
clones (lanes 1-12) after retransformation of pEV2 from 4. tumefaciens LBA4404 into E. coli.
(d) Photograph of ethidium bromide stained 1% agarose gel carrying Hind 111-digested pEV2
clones (lanes 1-12) after retransformation of pEV2 from A. tumefaciens C58C1 into E. coli.

Lane M — 1 kb DNA marker (Fermentas).
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Figure 3 Restriction analyses of plasmid pEVS after retransformation from

A. tumefaciensin to E. coli

(a) T-DNA structure ofpEVS8. The T-DNA consists of an intron-containing -glucuronidase
(GUS) gene under control of the light-sensitive Lha3Stl (LhaStl) and /ox P-embedded

.. . .. . INT
cassette consisting of the intron-containing crerecombinase (CRE™

) gene controlled by the
Arabidopsis cruciferin (cruP) promoter and neomycin phospotranseferase (NPTII) gene. All
genes are terminated by nosT. (b) The size of individual fragments expected after Hind 111-
digestion of pEVS. (¢) Photograph of ethidium bromide stained 1% agarose gel carrying Hind
[II-digested pEVS clones (lanes 1-12) after retransformation of pEVS8 from A. tumefaciens
LBA4404 into E. coli. (d) Photograph of ethidium bromide stained 1% agarose gel carrying
Hind 1l1-digested pEVS8 clones (lanes 1-12) after retransformation of pEV8 from 4.

tumefaciens C58C1 into E. coli. Lane M — 1 kb DNA marker (Fermentas).
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CONCLUSION

Prior plant transformation experiments, the binary vectors pTS2, pEV2 and pEVS
were tested for their stability in 4. tumefaciens LBA 4404 and C58C1. Our results showed
that plasmids pTS2 and pEV2 were stable in both bacterial strains while the pEV8 was shown
to be instable in LBA 4404. Therefore, 4. tumefaciens LBA 4404/pTS2, A. tumefaciens LBA
4404/pEV2 and 4. tumefaciens C58C1/pEVS8 will be used for tobacco transformation.

Acknowledgments: This contribution is the result of the bilateral project SAV-NAVU 12
(40%); KEGA project No. 034SPU-4/2012(30%) and theproject implementation: Centre of
excellence for white-green biotechnology, ITMS 26220120054, supported by the Research &
Development Operational Program funded by the ERDF (30%).

REFERENCES

BEVAN, M. 1984. Binary Agrobacterium vectors for plant transformation. In Nucleic Acids
Research, vol. 12, 1984, no. 22, p. 8711-8721.

FRARY, A. — HAMILTON, C.M. 2001. Efficiency and stability of high molecular weight

DNA transformation: analysis in tomato. In Transgenic Research, vol. 10, 2001, p. 121-132.

FROGER, A. — HALL, J. E. 2007.Transformation of plasmid DNA into E. coli using the heat
shock method.In Journal of visualized experiments, vol. 6, 2007, p. 253.

GOODNER, B. — HINKLE, G. — GATTUNG, S. — MILLER, N. — BLANCHRD, M. —
QUROLLO, B. - GOLDMAN, S.B. - CAO, Y. - MANOR, A. - HALLING, C. MULLIN, R.
— HOUMIEL, K. - GORDON, J. - VAUDIN, M. — IARTCHOUK, O. — EPP, A. - LIU, F. —
WOLLAM, C. — ALLINGER, M. — DAHLIA, D. — SCOTT, CH. — LAPPAS, C. -
MARKELZ, B. - FLANAGAN, C. - CROWELL, C. — GURSON, J. - LOMO, C. — SEAR,
C. - TRUB, G. — CIELO, CH. — SLATER, S. 2001. Genome sequence of the plant pathogen
and biotechnology agent Agrobacteriumtumefaciens C58. In Science, vol. 294, 2001, no.

5550, p. 2323-2328.

GOSS, P. J. E. - PECCOUD, J. 1999. Analysis of the stabilizing effect of Rom on the genetic
network controlling Co/E plasmid replication. In Altman, P., Dunker, A.K., Hunter, L., Klein
T.E. (ed.): Pacific Symposium on Biocomputing. World Scientific, Hawaii [online], p. 65-76
[15-11-2005], Retrieved: http://helix-web.stanford.edu/psb99/Goss.pdf

1566




JMBES / Poloniova et al. 2013 : 2 (Special issue 1) 1559-1568

HELLENS, R. — MULLINEAUX, P. — KLEE, H. 2000. A guide for Agrobacterium binary Ti
vectors.In Trends in Plant Science, vol. 5, 2000, no. 10, p. 446-451.

HOEKEMA, A. — HIRSCH, P. R. - HOOYKAAS, P. P. J. - SCHILPEROORT, R. A. 1983.
A binary plant vector strategy based on separation of vir- and T-region of the Agrobacterium

tumefaciens Ti-plasmid. In Nature, vol. 303, 1983, p. 179-180.

HOFGEN, R. — WILLMITZER, L. 1988.Storage of competent cells for Agrobacterium
transformation.In Nucleic Acids Research, vol.16, 1988, no. 20, p. 9877.

KOMORI, T. - IMAYAMA, T. — KATO, N. — ISHIDA, Y. — UEKI, J. - KOMARI, T.
2007.Current status of binary vectors and superbinary vectors.In Plant Physiology, vol. 145,

2007, no. 4, p. 1155-1160.

KUTA, D. D. — TRIPATHI, L. 2005. Agrobacterium-induced hypersensitive necrotic reaction
in plant cells: a resistance response against Agrobacterium-mediated DNA transfer. In African

Journal of Biotechnology, vol. 4, 2005, no. 8, p. 752-757.

LEE, Y.L. — GELVIN, B.S. 2008. T-DNA binary vectors and systems./n Plant Physiology,
vol. 146, 2008, no. 2, p. 325-332.

MORAVCIKOVA, J. — POLONIOVA, Z. — JOPCIK, M. — BOSZORADOVA, E. -
MATUSIKOVA, I. — LIBANTOVA, J. 2011. Ectopic activity of cruciferin promoter and its
influence on the premature excision /oxP embedded DNA intransgenic plants. In Agriculture :

Scientific journal of food science, vol. 5, 2011, p. 63-66.

MORAVCIKOVA, J. — VACULKOVA, E. — BAUER, M. — LIBANTOVA, J. 2008.
Feasibility of the seed specific cruciferin C promoter in the self excisionCre/loxP strategy

focused on generation of marker-free transgenic plants. In Theoretical and Applied Genetics,

vol. 23, 2008, no. 8, p.1325-1334.

ORDWAY, J. M. — DETLOFF, P. J. 1996. In vitro synthesis and cloning of long CAG
repeats.In Biotechniques, vol. 21, 1996, no. 4, p. 609-610.

PIERSON, V. L. — BARCAK, G. J. 1999. Development of E. coli host strains tolerating
unstable DNA sequences on ColE1 vectors. In Focus,vol. 21, 1999,no0. 1, p. 18-19.

POLONIOVA, Z. - JOPCIK, M. - MATUSIKOVA, 1. — LIBANTOVA, J. -
MORAVCIKOVA, J. 2012 Preparation of plant transformation vector containing ,self

excision® Cre/loxP system. In Journal of Microbiology Biotechnology and Food Sciences

1567




JMBES / Poloniova et al. 2013 : 2 (Special issue 1) 1559-1568

[online], vol. 1, no. 4 [07-03-2012] Retrieved: http://www.jmbfs.org/issue/february-march-
2012-vol-1-no-4/poloniova/?issue id=879&article id=13

SALAJ, T. - MORAVCIKOVA, J. - VOOKOVA, B. — SALAJ, J. 2009.4grobacterium-
mediated transformation of embryogenic tissues of hybrid firs (4bies spp.) and regeneration

of transgenic emblings.In Biotechnology Letters, vol. 31, 2009, no. 5, p. 647-652.

SAMBROOK, J. — FRITSCH, E. F. - MANIATIS, T. 1989. Molecular cloning: A laboratory
manual. Second edit. New York: Cold Spring Harbor Press, 1989. ISBN 0-87969-309-6.

VACULKOVA, E. — MORAVCIKOVA, J. — MATUSIKOVA, 1. — BAUER, M. —
LIBANTOVA, J. 2007. A modified low copy number binary vector pUN for Agrobacterium-
mediated plant transformation. In BiologiaPlantarum : international journal, vol. 51, 2007,

no. 3, p. 538-540.

VAN ENGELEN A. - MOLTHOFF, J. W. — CONNER A. J. - NAP, J. P. - PEREIRA, A, -
STIEKEMA, W. J. 1995. pBINPLUS: an improved plant transformation vector based on
pBIN19. In Transgenic Research, vol.4, 1995, p. 288-290.

WOODCOCK, D. M. - CROWTHER, P. J. - DOHERTY, J. JEFFERSON, S. - DECRUZ, E.
— NOYER-WEIDNER, M. — SMITH, S. S. - MICHAEL, M. Z. - GRAHAM, M. W. 1989.
Quantitative evaluation of Escherichia coli host strains for tolerance to cytosine methylation
in plasmid and phage recombinants. In Nucleic Acids Research, vol. 17, 1989, no. 9, p. 3469-
3478.

1568




