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Abstraet. A binary vector system in 4. tumefaciens for the introduction of foreign genes into
the plant genome was developed. The first component is the Ri plasmid and the second compo-
nent is a small vector plasmid, replicating in Agrobacterium, which carries the 25 bp terminal
sequence of the Ti plasmid, the Nos gene as the selectable marker and neighbouring sequences
of the Ti plasmid. Functions necessary for integration are provided ¢n trans by the virulence
region of the Ri plasmid. Transformed cells are selected on the basis of hairy root tumor prolifera-
tion and agropine synthesis. They also show Nos activity coded by the gene on the small part
of Ti T-DNA.

The common way of introducing cloned genes into the plant genome with
the aid of the Ti plasmid of A. tumefaciens relies on an intermediary plasmid
(LEEMANS ef al. 1981, MaTzKE and CHILTON 1981). It is a small plasmid
carrying part of T-DNA of the Ti plasmid, which is maintained and genetically
manipulated in E. coli. The intermediary vector is introduced into an Agro-
bactertum carrying the Ti plasmid and the single or double recombination
between the T-DNA and the T-DNA fragments of the intermediary plasmid
is selected.

As the last step is often laborious and time-consuming, binary vectors
have been developed as a more versatile alternative (DE FramoND ef al.
1983, HoEREMA et al. 1983, AN ef al. 1985). They are based on the knowledge
that all the functions necessary for the introduction of T-DNA into the plant
genome are located on the virulence region of the Ti plasmid, outside the
T-DNA (KLEE et al. 1983). The virulence region consists of seven loci (Hooy-
KAAS ef al. 1984). The T-DNA of the Ti plasmid is flanked by terminal se-
quences, i.e. direct repeats of a 25 bp consensus sequence (ZAMBRYSKI ef al.
1982). The right terminal sequence is necessary for the integration of T-DNA
into the plant genome (WANG ef al. 1984).

The first component of the binary vector is a shortened Ti plasmid, deprived
of T-DNA, but carrying all the virulence functions. The second component
is the T-DNA region carried by the vector plasmid. All the virulence functions
necessary for the integration of the T-DNA are provided ¢n {rans by the first
component. The virulence regions of Ti and Ri plasmids are homologous
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(Hoovxaas et al. 1984) and Ri plasmids ean be used in binary vector systems
to provide virulence functions for T-DNA of the small vector plasmid (Hok-
KEMA et al. 1984).

In the study presented here we constructed a binary vector consisting of
a small part of Ti plasmid, ¢.e. the right T-DNA terminal sequence, the Nos
gene and neighbouring Ti plasmid sequences of different length, carried by
the recircularized Bgl II fragment of pSa (LEEMANS ef al. 1982, WARD and
GRINSTED 1982), as the vector plasmid, which was introduced into 4. tume-
Jaciens strain carrying the Ri instead of Ti plasmid.

MATERIAL AND METHODS

Table 1 gives the list of bacteria and plasmids used. Plasmid DNA was
isolated according to the method of BirnBoiM and Dovry (1979) and purified
by CsCl-ethidium bromide centrifugation. Restriction endonuclease digestion
and cloning were performed as described in MANIATIS ef al. (1982) and
A. tumefaciens transformation according to HOLSTERS ef al. (1978).

TasLE 1
Bacterial strains and plasmids used

Bacterial strains Plasmids Relevant Source Reference
markers

E. coli HB101

MiniSa KnrSper (VLasix and ONDREJ
1985)
pGV0415 Ampr J. Schell* (LEMMERS et al. 1980)
A. tumefaciens C58 pTiC58 M. Bezdgk**
A. tumefaciens C58C1 pRiA4db RifrSper A, Petit*** (PETIT et al. 1983)
A. rhizogenes 15834 pRil15834a,b,c J. A. Lippincott¥***

* J. Schell, Laboratorium voor Genetica, Rijksuniversiteit Gent, Belgium
** M. Bozdék, Institute of Biophysics, Czechoslovak Academy of Sciences, Brno, Czechoslo-
vakia
#k* A Petit, Instibut de Microbiologie, Université de Paris-Sud, Orsay, France
***% J. A. Lippincott, Department of Biol. Sci., Northwestern University, Evanston, Illinois,
USA

A clone of Kalanchoe daigremontiana and one month old in vitro cultivated
seedlings of Nicotiana tabacum cv. White Burley and Petunia hybrida cv.
Snézenka were used. Nos activity in plant tissues was assayed by the method
of OrTEN and ScHILPEROORT (1978). A mannopine standard was synthesized
according to PETIT et al. (1983) and mannopine and agropine production by
transformed plant tissues was assayed by the methods referred to in PETIT
et al. (1983).

RESULTS

The MiniSa plasmid (6.0 Md) used is the recircularized Bgl II fragment of pSa
(LEEMANS ¢f al. 1982, WARD and GRINSTED 1982, VLasAk and ONDREJ 1985),

Abbreviations used: Nos = nopaline synthase; Amp? = ampicilin resistance; Kn* = kana-
mycin resistance; Rfr = rifampicin resistance; Spe’ = spectinomycin resistance.
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which carries Kn'Spcer markers. Plasmids pCB139 (11.2 Md), pCB140 (9.9
Md) and pCBI141 (8.9 Md), carrying parts of nopaline Ti T-DNA cloned in
the MiniSa, were constructed as shown in Fig. 1. They consist of the right
part of T-DNA with the Nos gene, the right 25 bp terminal sequence of
pTiC58 and neighbouring regions of different lengths integrated into the
single Pst I site of MiniSa. The EcoR I site is the only site useful for insertion
of foreign genes, either with their own promotors or with the whole pLGV2381
plasmid (HERRERA-ESTRELLA et al. 1983) in vectors pCB139 and pCB140.
In pCB141, HindIII site can also be used.

These three plasmids were introduced into A. tumefaciens C58C1 RfrSper
(pRiA4b) by transformation. The presence of small plasmids in transformant
strains was confirmed by agarose gel electrophoresis (Fig. 2). We have already

pGV0415

hgation
right end
of T-DNA

delet:on in pCB1A0

Veletlor, in pCBIAY

Fig. 1. Construction of plasmids pCB139, pCB140 and pCB141. A Pst I 5.2 Md fragment from the
right part of T-DNA, containing Nos gene as well as the right part of T-DNA, originating from
pGVO0415, was cloned into Pst I site of MiniSa in the pCB139. Plasmids pCB140 and pCB141 were
derived from pCB139 by Hind III cleavage and ligation, followed by screening for the conserva-
tion of H2 —H3 fragment. Double line represents Ti DNA, double hatched line T-DNA. Arrows
marked Spe, Km and Nos indicate genes for resistance to spectinomycin (streptomycin), kana-
mycin and the gene for nopaline synthase, respectively. Only relevant restriction sites are shown.
H — Hind ITI, E — EcoR I, P — Pstl.
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shown that MiniSa in Agrobacterium does not inhibit virulence (VLAs4Ax and
ONDREJ 1985). A. tumefaciens C58Cl RfrSper strains containing pRi and
one of the three small plasmids were used for the induction of tumors in
Kalanchoe, Petunia and tobacco. Within two weeks tumors appeared, from
which roots proliferated. Both tumors and roots synthesized mannopine
and agropine and showed Nos activity (Figs. 3 and 4). The mannopine and
agropine synthesis is the consequence of integration of T-DNA of the Ri plas-
mid, and Nos activity indicates the integration Ti T-DNA from the second,
smaller component of the binary vector. Results in Kalanchoe are shown;
tobacco and Petunia tumors and roots gave similar results.

The nopaline fluorescent spots on electropherograms of hairy root tumors,
induced by binary vectors, however, were often weaker than those induced
by A. tumefaciens C58. In a small proportion of tumors (less than 10 %),
Nos activity was not found at all, suggesting that the MiniSa carrying Nos
activity probably integrated in the genome of a part of the plants transformed
by pRiA4b only.

DISCUSSION

The Sa plasmid is known to carry sequences which suppress the virulence
of 4. tumefaciens and A. rhizogenes (FARRAND et al. 1981, VLASAK and ONDREJ
1985), but most of the sequences which suppress virulence are deleted in
MiniSa plasmid (TAIT et al. 1982, VLASAK and ONDREJ 1985).

The Nos activity was found after tumor production by the Agrobacterium
binary vector containing the Ri plasmid, as the first component, and the
right part of the nopaline Ti T-DNA integrated in MiniSa as the second
component. It confirms the demonstration that the right 25 bp terminal
T-DNA sequence (Hind III 23 fragment of pTiC58) without the left terminal
sequence and one region is sufficient for independent integration into the
plant genome, when the various virulence functions are provided in trans
(AN et al. 1985). Functions necessary for integration were provided by the
virulence region of pRIA4b. Cells transformed by T-DNA of the Ri plasmid
are selected by tumor and/or root proliferation. Here we showed that a
considerable proportion of hairy root tumors also possess Nos activity. The
question whether these tumors consist of double transformed cells or chimeric
tissues is being studied in regenerating flowering Petunia plants, which syn-
thesize both agropine and nopaline, by outcrossing.

Presumably, any 4. rhizogenes Ri plasmid can be used in this binary vector
system. The main advantage is the high ability of tissues transformed by
A. rhizogenes to regenerate plants (ACKERMANN ef al. 1977, TEPFER 1983).
Plants derived from the tissues transformed by 4. rhizogenes show complex
phenotypic changes which could possibly be useful in crop plant improvement.

REFERENCES

Acx ErMANN, C.: Pflanzen aus Agrobacteriuin rhizogenes — tumoren on Nicotiana tabacum.
— Plant Sci. Lett. 8 : 23—30, 1977.

Ax, G., WatsoN, B. D., STacHEL, S., Gorpon, M. P, NEsTER, E. W.: New cloning vehicles for
transformation of higher plants. — EMBO J. 4 : 277284, 1985.

Birnsoim, H. C., DoLy, J.: A rapid alkaline extraction procedure for screening recombinant
plasmid DNA. — Nucl. Acids Res. 7 : 15131523, 1979.

D Framonp, A. J., Barroxn, K. A,, CuHirton, M. D.: Mini-Ti: a new vector strategy for plant
genetic engineering. — Biotechnology 1 : 262 — 268, 1983.



BINARY PLANT VECTOR BASED ON Ri PLASMID 269

Farranp, 8. K., Kapo, C. 1., IreLanp, C. R.: Suppression of tumorigenicity by the IncW R
plasmid pSa in Agrobacterium tumefaciens. — Mol. gen. Genet. 181 : 44 —51, 1981.

HeRRERA-ESTRELLA, L., DEPICKER, A., vAN MoNTAGU, M., SCHELL, J.: Expression of chimaeric
genes transferred into plant cells using a Ti- plasmid derived vector. — Nature 303 : 209—213,
1983.

HorreMma, A., HirscH, P. R., Hoovkaas, P. J. J., SCHILPEROORT, R. A.: A binary plant vector
strategy based on separation of vir and T-region of the Agrobacterium tumefaciens Ti plasmid.
— Nature 303 : 179—180, 1983.

HoEgrEMA, A., HoovrAas, P. J., SCHILPEROORT, R. A.: Transfer of the octopine T-DNA segment
to plant cells mediated by different types of Agrobacterium tumor- or root-inducing plasmids.
Generality of virulence system. — J. Bacteriol. 158 : 383 — 385, 1984.

HoLsteErs, M., D WAELE, D., DEPICKER, A., MEsSENS, E., VAN MoxTAGU, M., ScHELL, J.:
Transfection and transformation of Agrobacterium tumefaciens. — Mol. gen. Genet. 163 :
181187, 1978.

Hoovkaas, P. J., Horger, M., DEN DuLk-Ras, H., ScHiLPEROORT, R. A.: A comparison of viru-
lence determinant in an octopine Ti plasmid, a nopaline Ti plasmid and on Ri plasmid by
complemsntation analysis of Agrobacterium tumefaciens mutants. — Plasmid 11 : 195— 205,
1984.

Kuee, H. J., WHiteE, F. F., Iver, V. N,, Gorpon, M. P., NEsTER, E. W.: Mutational analysis of
the virulence region of an Agrobacterium tumefaciens Ti plasmid. — J. Bacteriol. 153 : 878 to
883, 1983.

LeEEMANS, J., SHAW, C., DEBLAERE, R., DE GREVE, H., HERNALSTEENS, J. P., MaEs, M., VAN
MonTAGU, M., SCHELL, J.: Site-specific mutagenesis of Agrobactersum Ti plasmids and transfer
of genes to plant cells. — J. mol. appl. Genet. 1 : 149—164, 1981.

LEEMANS, J., LAGENAKENS, J., DE GREVE, H., DEBLAERE, R., VAN MoNTAGU, M., SCHELL, J.:
Broad host range cloning vectors derived from the W plasmid Sa. — Gene 19 : 361 —364,
1982.

LeMMERrs, M., DE BEUCKELEER, M., HoLsTERS, M., ZAMBRYSKI, P., DEPICKER, A., HERNAL-
STEENS, J. P., VAN MoxTAGU, M., SCHELL, J.: Internal organization, boundaries and integration
of Ti plasmid DNA in nopaline crown gall tumors. — J. mol. Biol. 144 : 353 —376, 1980.

MaxtaTis, T., FritscH, E. F., SAMBROOK, J.: Molecular Cloning: a Laboratory Manual. — Cold
Spring Harbor Laboratory, New York 1982.

MarzxE, A. J. M., CamroN, M. D.: Site-specific insertion of genes into T-DNA of the Agrobacte-
rium tumor-inducing plasmid: an approach to genetic engineering of higher plants. — J. mol.
appl. Genet. 1 : 39—49, 1981.

OrtEN, L. A. B. M., SCHILPEROORT, R. A.: A rapid micro scale method for the detection of lysopine
and nopaline dehydrogenase activities. — Biochem. biophys. Acta 527 : 497—500, 1978.

PeTIT, A., DavID, C., DaHL, G. A,, E1rL1s, J. G., Guyown, P., Casse-DeLBarT, F., TEMPE, J.:
Further extension of the opine concept: plasmids in Agrobacterium rhizogenes cooperate for
opine degradation. — Mol. gen. Genet. 190 : 204 —214, 1983.

Tarr, R. C., Lunpquist, R. C., Kapo, C. I.: Genetic map of the crown gall suppressive IncW
plasmid pSa. — Mol. gen. Genet. 186 : 1015, 1982,

TEPFER, D.: The biology of genetic transformation of higher plants. — In: PUHLER, A, (ed.):
Molecular Genetics of the Bacteria-Plant Interactions. Pp. 248 —258. Springer Verlag, Berlin
—Heidelberg—New York 1983.

Vw0asix, J., ONDREY, M.: The effect of Sa and MiniSa plasmids on the induction of plant crown
galls and hairy roots by Agrobacterium tumefuciens and Agrobacterium rhizogenes. — Folia
microbiol. 30 : 148 — 153, 1985.

Wang, K., HERRERA-ESTRELLA, L., VAN Moxracu, M., ZaMBrYSKI, P.: Right 25 bp terminus
sequence of the nopaline T-DNA is essential for the determination direction of T-DNA transfer
from Agrobacterium to the plant genome. — Cell 38 : 455 —462, 1984.

Warp, J. M., GRINSTED, J.: Physical and genetic analysis of the Inc-W group plasmids R388,
Sa and R7K. — Plasmid 7 : 239—250, 1982.

ZAmBRYSKI, P., DEPICKER, A., KRUGEL, K., GoopMaN, H.: Tumor induction by Agrobacterium
tumefaciens: analysis of the boundaries of T-DNA. — J. mol. appl. Genet. 1 : 361 —370, 1982.

Figs. 2—4 are at the end of the end of the issue.



M. ONDREJ ET AL.
BINARY PLANT VECTOR BASED ON Ri PLASMID

chromosomal
pRi DNA pCB139 140 141

Fig. 2. Agarose gel electrophoresis of plasmids of A. tumefaciens strains containing the T-DNA
fragment. — Lane 1: C58Cl RtrSper (pRiA4b). Lane 2: The same with pCB139. Lane 3: the same
with pCB140. Lane 4: the same with pCB141.
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Fig. 3. Nopaline synthase activity in different Kalanchoe tumors induced hy the following strains
of A. tumefaciens.

Samples 1, 13 : AL tumefuciens (058

Samples 2, 12 1 A. tumefaciens C58C1 RfrSper(pRiA4b)

Samples 3, 6, 8, 11 : A. tumefaciens C58C1 RfrSpcr(pRiA4b) (pCB139)
Samples 4, 10 : A. tumefaciens C58C1 RfrSper(pRiA4b) (pCB140)

Samples 5, 9 : A. tumefaciens C58C1 RfrSper(pRiA4b) (pCB141)
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Fig. 4. The detection of agropine and mannopine, by paper electrophoresis and AgNOg staining,

in Kalanchoe daigremontiana tumor extracts.

1 — tumor induced by A. tumefaciens C58

2 — tumor induced by A. tumefaciens C58C1 (pRiA4b)

3 — tumor induced by A. tumefaciens C58CL (pRiA4b) (pCB139)

4 — mannopine standard

8 — Petunia roots, transformed by A. rhizogenes 15834, which are used as biological standard
because of their rich opine content.



