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Abstract. To develop an efficient protocol forAgrobacteriummediated transformation of common bean RPhaseolus
vulgaris L.) and tepary bean P. acutifolius A. Gray), we have tested the susceptibility of six genotypes to eight
Agrobacterium tumefaciengand two A. rhizogenesstrains. The virulence of theAgrobacteriumstrains was shown to be
genotype dependent. In general, the tumors observed on common bean cultivars were larger than those observed on tepary
bean cultivars. TheA. tumefaciensAT8196 and Achb5 strains and thé\. rhizogene®8196 strain induced the best responses
in all genotypes tested. Polymerase chain reaction (PCR) analysis confirmed the presence of T-DNA in tumors derived
from inoculation with three A. tumefaciensstrains in common beans. Apical meristems d®. vulgaris cv. Jalo were
bombarded with tungsten microprojectiles and then inoculated with ai. tumefaciensild-type strain (Ach5). One month
later, the explants showed a high frequency of tumor formation (50% to 70%). Similarly, when bombarded meristems
were inoculated with anA. tumefaciensdisarmed strain (LBA4404/p35SGUSINT), 44% of them showed substantial
sectors of GUS activity, suggesting the expression of introduced gene. The bombardmégtbbacteriumsystem appears

to be a promising method to stably transform bean through the regeneration of plants directly from transformed apical
meristems.

Agrobacterium tumefaciemmdA. rhizogeneare soil bacteria lated strains afgrobacterium tumefacier{slorsch et al., 1985).
that are the causative agents of the crown gall and hairy root pRgtobacteriunmhas since been used to transform numerous plant
diseases, respectively. These diseases are the result of a gespetiies and, except for monocots, has remained the method of
parasitism by the bacterium on the plants. During infection, parotioice (De Block, 1993; van Wordragen and Dons, 1992). Never-
alarge plasmid presentin virulent strains is transferred to the plaetess, plant species have different susceptibility to agrobacteria,
genome where it is stably maintained (for review, see Hooykasml successful transformation requires specific knowledge of
and Beijersbergen, 1994; Zupan and Zambryski, 1995). ThAigrobacteriurrhost compatibility (Godwin et al., 1992).
transferred region (called T-DNA) contains several oncogenicln bean, previous works have reported the susceptibility of
genes that encode enzymes involved in phytohormone synthd3mseolus vulgariandP. coccineudo differentA. tumefaciens
These enzymes are expressed in the transformed plant cafigA. rhizogenestrains (Franklin et al., 1993; Lewis and Bliss,
disturbing the cell division and resulting in formation of tumors 4094; Mariotti et al., 1989; McClean et al., 1991). However, the
the infection site (Weiler and Schroder, 1987). Other T-DNAck of efficient and reproducible regeneration and transformation
genes encode enzymes that synthesize opines, a group of camgtecols did not allow for the production of transgenic beans
gated amino acids and sugars that is specifically catabolized byusieg theAgrobacteriumco-cultivation strategy.
inciting bacterium strain (Dessaux et al., 1993). TAgspbacte- Russell etal. (1993) have described the stable transformation of
rium strains are classified according to the opines that are synfhevulgarisplants using an electrical particle acceleration device.
sized by their T-DNAs (e.qg., octopine, nopaline, agropine, etclhe method involved the direct transformation of apical meristems

Successful transference of foreign genes to a ghiob(jana from mature seeds. Nevertheless, the efficiency of this transforma-
tabacum was first described in 1985 using genetically maniption protocol was extremely low, i.e., 0.03% germline transformed

plants per bombarded meristem.

We have developed an efficient and reproducible method to
Received for publication 30 Oct. 1995. Accepted for publication 14 Mar. 1996. TRgluce multiple shoot formation from apical and axillary mer-
research reported in this publication was funded by the Programa de Apoidgstems of bean mature embryos using high levels of cytokinin. To
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e e ot s T setacgce 213gk have evaluated the suscepibilty of three Brazilian common
Federal —Brazil (FAPDF/Proc. 237/94). We would like to thank Lise Jouaran cultivarsRhaseolus vulgaris. cvs. Jalo, Costa Rica, and
(Laboratoire de Biologie Cellulaire-INRA, France) that gently providedgte-  Carioca) and three tepary bean cultiv@isgseolus acutifoliuk.
bacteriumstrains used in this study. We are grateful to Josias C. Faria (CNP&ls, GL477, GL495, and G|_114), . tumefaciensand A.
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Table 1.Wild type Agrobacteriumspp. strains used. and Agrobacteriumwas suspended in

Name Species Opine _ Biovar Origin References de|on|zid water to a final concentration of

AT2553 A. tumefaciendNopaline 1 Common bean L.M.G. Barros, S nguL™ . .
personal communication Fo_r each PCR, Fhe reaction mixture

AT8196 A. tumefaciensNopaline 1 Poplar L. Jouanin, consisted of 10 mTris-HCI (pH 8.4), 50
personal communication MM KCI, 2 mv MgCl,, 160 um of each

T37 A. tumefaciensNopaline 1 Walnut Sciaky et al., 1978 dNTP, 0.2um of each primer, 2 units of

82.139 A. tumefaciensNopaline 2 Wild cherry ~ Michel et al., 1990 Taq-polymerase (GIBCO BRL, Grand Is-

Bo542 A. tumefac@ensAgrop@ne 1 Dahlia S(_:iaky etal, 1978 land, N.Y.), and 10 ng of extracted DNA.

2%5 ﬁ- ’Eume;ac!engc:op!ne 1 ShE”Y 'F-)'”t_":‘”? K|ad1cs);’813977 Sterile water was added to give a total

. tumefaciensOctopine nknown etit et al., ;
15955 A. tu_mefaciensOctoB@ne 1 Tomato Sciaky et al., 1978 w()-:!lrjemues g:; EOSrL:IHéng/% (F:)t?OT]%rfs thcr)e]:sg]gnt:ap
A4 A. rhizogenes Agropine 2 Rose Moore et al., 1979
A 2

: from pTi82139 (primer1: 5" TGGTCTAC-
8196 Unknown Petit et al., 1983 CTGCTCTTGAAC 3': primer 2: 5
TCGTCAGTGAACTAGCCAAC 3).
This primer pair amplified a 529-bp frag-
Material and Methods ment in thenosgene coding sequence (Drevet et al., 1994). Two
] o ) ] primers of 21 bp were used for the detection of the tryptophan 2-
Agrobacterium strainsEight wild-type strains of\. tumefa- mono-oxygenasetris) gene from pTiAch5 (primer 1: 5
ciensand two ofA. rhizogenesvere used in susceptibility testsccTCTCCTTGATAACCAGTGC 37; primer 2: 5° CAT-
(Table 1). These strains belong to different opine and bioviatTCGTACAGCGGCATTG 3°). This primer pair amplified a
groups. Before inoculation, they were grown atZ8C for 48 h - 493-pp fragment in thens1gene coding sequence (Gielen et al.,
on MYA-agar plates (Tepfer and Casse-Delbart, 1987)ABhe-  1984). The mixture was overlaid with mineral oil and each PCR
bacteriumculture in each plate was then suspended in 2 mL @hction was submitted to an initial denaturation for 5 min 3€95

distilled sterile water. , _ followed by 40 cycles (9%C/1.5 min; 66C/1.5 min and 73C/2.5

octopine strain Ach5 (Table 1) was used to easily identify therformed in a PTC-100 Thermal Cycler (MJ Research, Water-

transformation occurrence. Further assays were performed Wifin, Mass.). The amplification products were electrophoresed in
the disarmed strain LBA4404/p35SGUSINT, a disarmed deriv@1 o4 agarose gel, stained with ethidium bromide and visualized at
tive of Ach5 (Ooms et al., 1982) harboring the binary vectgfiraviolet light.

P35SGUSINT (Vancanneyt et al., 1990). This vector contains thegyplant preparation for bombardmemdtlature seeds of com-

gus-intronandneogenes between the T-DNA borders. mon beanR. vulgariscv. Jalo) were sterilized in 70% (v/v) ethanol

For bombardment assays, the Ach5 and the LBA44Gf¢{ 1 min followed by 20 min in 1% (v/v) sodium hypochlorite.
P35SGUSINT strains were incubated in MYA liquid medium at 2§, nwrinkled seeds were then rinsed three times and soaked
+2°C onashakerat 100 rpm. Cells were grown to adensifyf oyernight in sterile deionized water. Apical meristems were ex-
cells/mL (O.D.¢ = 1.0). Bacteria were pelleted by centrifugayosed by removing cotyledons and primary leaves as described by
tion and suspended in liquid MS medium (Murashige and Skoggagzo et al. (1993). Subsequently, the root tips were also excised.
1962) to a final concentration of “1€ells/mL. . The embryonic axes were placed on a petri dish containing a thin

Plant inoculation with wild-type strainghree current impor- layer of 20% (w/v) sterile gum xanthan (G1253; Sigma, St. Louis),

tant Brazilian common bearPljaseolus vulgarid..) cultivars,  gjmmobilize the apical meristem for bombardment. The explants
‘Jalo’, ‘Costa Rica’, and ‘Carioca’, and three tepary bean (

acutifoliug cultivars, ‘GL477’,‘GL495’, and ‘GL114’, were used
for inoculation assays. The seeds were germinated in a greenhpigse The effect oh. tumefacienstrains on common bean (cv. Jalo, Costa Rica,
with 60% relative humidity and a temperature oft25°C. and Carioca) and on tepary bean (cv. GL114), expressed as the percentage of
Plants were infected 14 days after germination by Woundinelan_ts giving tumors per inoculated plants, 30 days after inoculation. The 82.139
twice in different parts of the plant (hypocotyl, epicotyl, petiole,Stram was not assayed on the Carioca and GL114 cultivars.
and leaf) with a trident forceps first dipped into the
bacterial suspension. Fifteen to 20 plants of each g,
bean cultivar were inoculated with eastrobacte-
riumstrain (Table 1). The symptoms were evaluated
=1 month after inoculation, analyzing the number_ 80 1
and size of tumors or roots formed. The controlsg
received the same treatment, but without bacteria.g
Polymerase chain reaction (PCR) analysis ofzg 50
tumors. Total genomic DNA was extracted from x
tumors and leaves of common bean according to thg 40 1
method described by Dellaporta et al. (1983). Thesg
tumors were derived from inoculation with 82139,
Achb, and R10 strains &f tumefaciendDNA from 20 1
leaves of noninfected plants was used as a negative
control. The total DNA fromA. tumefacien82139 | = N =
and Achb strains (positive controls) was isolated as AchS  AT2553 ATS196 Bod4sz T37  R10 15955
described by Dhaese et al. (1979). DNA from plants

. rhizogenes Mannopine

F. vidgaris cv. Jalo
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P acutifilins ov. GL114
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were positioned in a circle (2.5 cm in diameter) in the center of dered for tumor formation 4 weeks after inoculation. Tumors
dish (four explants per dish), with the apical region directel@veloped on the apical region of the embryonic axis were then
upward. excised and cultured on MS medium without antibiotics or growth

Bombardment.Tungsten M10 particles (0.2 to 11Bn in regulators.
diameter, Sylvania, Towanda, Pa.) were sterilized in 70% (v/v)Meristems inoculated with the disarmed strain LBA4404/
ethanol anduspendedin 50% glycerol at a final concentration of 4085SGUSINT were analyzed 1 week after inoculatiorgics
pg-uLt Forbombardment, 2.5L of particle suspension weregene expression, using the histochemical assay (Jefferson et
used (1 mg/shot). The helium-driven particle bombardment deviade 1987).
used was essentially as described by Finer et al. (1992). The tissue
was placed at a distance of 9 cm from the screen containing the Results and Discussion
particle suspension. The exposed meristems were subjected to a o
bombardment using a helium pressure of 80 or 100 psi, undef>enotype effecthe percentage of tumor formationin common
partial vacuum of 27 inches Hg. beans (cultivars Jalo, Costa Rica, and Carioca) inoculated with

Postbombardment inocu|ati0r|[nmediate|y after bombard- different A. tumefacienstrains is shown in Flg 1. The three
ment, a droplet(l pL) of the bacterial suspension {x@lls/mL) common bean cuIt.ivars showed different degrees of suscgptibility
was laid directly onto the bombarded meristems. Controls wéeeachAgrobacteriunstrain. However, all of tha. tumefaciens
inoculated with the bacteria, but were not bombarded. The bdiains tested were virulent in those cultivars. Initiation of tumors
barded-inoculated meristems were maintained on gum xantharsfgfted at 8 to 10 days after inoculation, resulting in large tumors
24 h, transferred to MS medium and incubated at28C under (Fig. 2a). The tumor size varied widely according to the tested
continuous light (4@umol-nT2s?). Two days after bombardment,strain. Only tumors Iargerthan 5mm were_conS|dered.|r} Fhls study.
the explants were transferred to MS medium supplemented witHoommon bean cultivars also showed high susceptibility to both
500 mg-L* cefotaxime and 250 mgiampicillin to avoid bacte- A. rhizogenesested (Fig. 3), except to the A4 strain that did not
rial contamination. infect ‘Jalo’. The infecting ability of strain A4 in ‘Carioca’ is

Meristems inoculated with the wild-type strain Ach5 werdlustrated in Fig. 2b, showing the typical hairy root phenotype at

the inoculation site. However, these roots grew very slowly.
In contrast, the inoculated tepary bean cultivars were not
a iy Vvery susceptible tA. tumefaciensfection, showing very
small tumors, ranging from 2 to 5 mm (Fig. 2c). The tepary
bean cultivar GL114 gave the best quantitative and qualita-
tive responses, especially with the Ach5 and AT8196 strains
(Fig. 1). The others tepary cultivars (GL477 and GL495)
were weakly susceptible, showing a tumor formation fre-
guency lower than 20% (data not shown).

Agrobacterium rhizogenefisplayed a low virulence on
tepary bean cultivars, usually forming a small tumescence
on the inoculation site. Only the GL495 cultivar shown to be
susceptible ta\. rhizogenesnfection (Fig. 3). The other
tepary beans cultivars (GL477 and GL114) were not suscep-
tible to the infection by A4 and 8196 rhizogenestrains
(data not shown).

Agrobacterium tumefaciens strains effédt.the Agro-
bacterium tumefaciersirains tested demonstrated different
degrees of virulence and tumor sizes in the same bean
cultivar (Fig. 1). For example, in common bean cultivars
strains AT8196 (nopaline type) and Ach5 (octopine type)
induced large tumors very quickly. However, the R10 strain
(octopine type) was the most virulent, since the infectivity in
all tested cultivars was 100%. These results indicated that
the most efficienfgrobacteriunstrain for use as a vector to
introduce important genes into common beans is the nopaline
strain AT8196 or the octopine strains Ach5 or R10. The
results also suggest that tAgrobacterium-bean interac-
tion is opine and biovar independent.

Tissue effecthere was a distinct plant response depend-

Fig. 2. @ Tumor induced irP. vulgariscv. Jalo, at epicotyl site, .
tumefacien®10 strain, 2 months after inoculatiob) Hairy root induced

in P. vulgariscv. Carioca, at hypocotyl site, By rhizogene#\4 strain, 2
months after inoculationc) Tumor induced ifP. acutifoliuscv. GL114, at
epicotyl site, byA. tumefacienfch5 strain, 2 months after inoculatiod) (
Tumor formed on the apical meristem of thevulgariscv. Jalo, that has
been inoculated with AchA. tumefacienstrain with prior bombardment

(80 psi), 45 days after the treatment. Arrows indicate location of tumors or
roots induced byAgrobacteriunspp. inoculation. Bar =1 cm.
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P. vulgaris cv. Jalo bacteriumwithout previous bombardment. For
) , these assays, we have usedthimefaciens
W P. vugaris cv. C. Rica Achb strain that was revealed to be one of the
B P. vulgaris cv. Carioca ~ MOSt virulent strain on common bean plants.
] Tumors formed on all of the treatments, 1
P. acutifolius cv. GL495  month after inoculation, although differences
in transformation efficiency were observed
(Table 2). The tumors occurred exclusively on
the apical region of the embryonic axis (Fig.
2d). Probably, these tumors originated from
cells of the inoculated meristem region. Tu-
mors did not form on the negative control
treatment. Bombardment pretreatment clearly
enhanced the percentage of tumor formation
when compared with the inoculation without
bombardment. The pressure of 80 psi was
J more efficient for inducingAgrobacteriurmm
oo mediated transformation than a pressure of
' T 100 psi (Table 2, Fig. 2d). About 30 days after
Ad 8196 the treatment, the tumors were transferred to
A. rhizogenes strains MS medium, lacking growth regulators. These
tumors grew rapidly, suggesting that they were
Fig. 3. The effect oA\ rhizogenestrains on ‘Jalo’, ‘Costa Rica’, and ‘Carioca’ transformed by the oncogenic T-DNA.
common bean and of ‘GL495'’ tepary bean cultivars, expressed as the percentagerther assays were made to confirm the stable expression of
%;pé?r”;isn %,:,‘gggngf‘gggggﬁ "?;gf’.'ated plants, 30 days after inoculation- 1% jntroducedyus gene, after the bombardmegfobacterium
treatment. TheAgrobacteriuminoculation was made using a
disarmed strain harboring tigeisgene between its T-DNA bor-
ing on the inoculated explant. Epicotyl tissues showed a higgrs. The results showed similar responses to the assays using the
percentage of tumor and root formation in common and tepamd-type strain (Table 3). The bombardmémgfobacteriunireat-
beans (Figs. 1 and 3). These tumors were larger and more vigoroest is more efficient than the treatment witgrobacterium
than those formed in the other inoculated tissues (Fig. 2 a andvithout prior bombardment (Table 3). Meristems of both treat-
Hypocotyl has a variable response depending on the inoculatezhts exhibited substantial GUS-stained sectors, suggesting the
cultivar (Fig. 2b). In general, petioles and leaves showed a wetdble expression of the foreign gene.
response to infection in common beans, and did not develop anyWe have shown that the efficiencyAdrobacteriuramediated
symptom in tepary beans. gene transfer to beans depends on plant genotype. The symptoms

PCR analysisThe PCR analysis showed the presence of tf@own gall or hairy root) formed on common bean cultivars were
bacterium T-DNA in tumors derived from inoculation with 82139more expressive than those formed on tepary bean cultivar8. The
Achb, and R10 strains on common bean plants (Fig. 4). A claanefacienstrains AT8196, Ach5, and R10 induced large tumors on
amplification signal of expected molecular weight (529 bp) wasazilian common beans. The rhizogenestrain 8196 produced
obtained with DNA from tumors induced by 82139 strain, corrhairy root on all genotypes tested. Thus, these results demonstrated
sponding to thenos gene from pTi82139. DNA from tumorsthe potential use of these strains as transformation vectors.
induced by Ach5 strain also showed a fragment of 493 bp,
corresponding to thins1gene from pTiAch5. A weak amplifica-
tion signal was obtained with DNA from tumors induced by the 1 2 3 4 5 & T 8
R10 strain (Fig. 4). This amplified fragment also showed an
unexpected molecular weight500 bp). Since the primers used
were from pTiAch&mslgene, this result could be explained by a
partial homology between thinsl gene from pTiAch5 and
pTiR10. Thetmslgene has been pointed as conserved between
octopine strains, such as Ach5 and R10 (Weiler and Schrdder,
1987). However, this homology was demonstrated by DNA hy-
bridization assays and the complete nucleotide sequence of the
tmslgene from pTiR10 has not yet been achieved.

The DNA from 82139 and Ach5 strains (positive controls)
showed the expected amplification product (Fig. 4). No amplifica-
tion was detected with the DNA from noninfected plants (negative
control), using e'_themosor tmslprimers. . Fig. 4. PCR analysis frosgrobacteriumand plant DNA. Lane 1: tumor derived

Tumor formation after bombardmexperiments were con-  from 82139 inoculation; lane 2: 82139 strain; lane 3: noninfected plant (negative
ducted to determine whether wounding tissues by microprojectil@ntrol to thevosprimers); lane 4: tumor derived from Ach5 inoculation; lane 5:

bombardment prior tAgrobacteriuninoculation would improve ~ tumor derived from R10 inoculation; lane 6: Ach5 strain; lane 7: noninfected
ant (negative control to thinslprimers) and lane 8: Mass DNA ladder

the .tranSformatlon eﬁICIenCy' _FOI’ that, bean meristems We%IBCO BRL). Lanes 1 and 2 amplified a 529-bp fragment (corresponding to the
subjected to bombardment with a pressure of 100 or 80 p sgene) and lanes 4 and 6 amplified a 493-bp fragment (corresponding to the

followed byAgrobacteriunmnoculation or inoculation witAgro-  tmsigene). The lane 5 amplified fragment&00 bp.

100+

80 ;

60 1

40

% hairy root formation

201
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Table 2. Percentage of tumor formation on the apical region of the embryonic Bkiasgblus  Aragéo, F.J.L., M.F.G. de S4, E.R. Almeida,
vulgariscv. Jalo, 1 month after the treatment. E.S. Gander, and E.L. Rech. 1992. Particle
bombardment-mediated transient expres-

Total no. Tumor sion of a Brazil nut methionine-rich albu-
Treatment treated meristems formation {%) min in bean Phaseolus vulgarit.). Plant
Nonbombarded 15 0 Mol. Biol. 20:357-359.
Only Agrobacterium _ 30 3111 Aragdo, F.J.L., M.F.G. de Sa, M.R. Davey,
Bombardment with 100 psi 40 308 A.C.M.Brasileiro, J.C. Faria, and E.L. Rech.
Bombardment with 80 psi 40 25 1993. Factors influencing transient gene ex-
*Number of apical regions showing tumor formation per total number of treated meristems, in atotgbression in beanPpaseolus vulgarid..)
number of five experiments. using an electrical particle acceleration de-
YAgrobacterium tumefacier(#ch5) treatment without prior bombardment. vice. Plant Cell Rpt. 12:483-490.

Bidney, D., C. Scelonge, J. Martich, M. Burrus, L.

) ] ) Sims, and G. Huffman. 1992. Microprojectile
Table 3. Percentage Phaseolus vulgarisv. Jalo meristems expressing GUS, 1 week after the pombardment of plant tissues increases trans-

bombardmen#grobacteriuntreatment. The meristems were bombarded using a pressure of 80 formation frequency bigrobacterium tume-

psi. faciens Plant Mol. Biol. 18:301-313.

Total no. GUS De Bloclf<, M. 1_993. The cell biology obeIJIant
Treatment treated meristems expression*(%) transformation: current state, problems,
Nonbombarded 57 prospects and the implication for the plant
Only bombardmett 27 0 breeding. Euphytica 71:1-14.
Onlegrobacterium‘ 40 23+ 7 Dellaporta, S.L., J. Wood, and J.B. Hicks.
Bombardment 4Agrobacterium 59 44+ 8 ii%islll AP‘,’;?,TMDO“,'AB?SI”E;fpf.rfgfgi ver
Number of meristems expressing GUS gene per total number of treated meristems, in a total “Uﬂ&%'aux,. Y., A Pe.tit, aﬁd J_' Témpé. '1993_
of six experiments. _ ) Chemistry and biochemistry of opines,
yBombarded meristems without DNA Agrobacteriumtreatment. chemical mediators of parasitism. Phy-
*Agrobacterium(LBA4404/p35SGUSINT) treatment without prior bombardment. tochemistry 34:31-38.

Dhaese, P., H. de Greve, H. Decraemen, J.
Our results also have confirmed that it is possible to use theSchell, and M. van Montagu. 1979. Rapid mapping of transposon
bombardmen#grobacteriumsystem to transform apical mer- insertion and deletion mutations in large Ti plasmidgrfobacte-
istems of bean. Bidney et al. (1992) showed that the wounding ofium tumefaciensNucleic Acids Res. 7:1837-1849.
tobacco leaves and sunflower apical meristems by microproje [gvet, C., A.C.M. Brasileiro, and L. Jouanin. 1994. Oncogene arrange-

bombardment before inoculation A§robacteriumincreases, at ?SGQQnQ%ShOOtySUamAgmbaderiumtumefaCierglantMOLBio"

least 100 t'm.es' the tranSfOrmatlon frequency. Recently, May eﬁl‘mer, J.J.,P.Vain, M.W. Jones, and M.D. McMullen. 1992. Development
(1995) obtained transgenic banana plantsAlgyobacteriura of the particle inflow gun for DNA delivery to plant cells. Plant Cell
mediated transformation of apical meristems that have been previrpt. 11:323-328.

ously bombarded. The bombardmégvobacteriunsystem also Franklin, C.1., T.N. Trieu, B.G. Cassidy, R.A. Dixon, and R.S. Nelson.
was used efficiently to transform zygotic embryog&otalyptus 1993. Genetic transformation of green bean calludgrabacterium
globulus(A. Boudet, Université Paul Sabatier, Toulouse/France, mediated DNA transfer. Plant Cell Rpt. 12:74-79.

personal communication). The microwounds caused by thielen, J., M. de Beuckeleer, J. Seurinck, F. Deboeck, H. de Greve, M.
microprojectile bombardment can greatly enhance the frequency-emmers, M. van Montagu, and J. Schell. 1984. The complete nucle-
of Agrobacteriuramediated transformation in different target tis- Otide sequence of the TL-DNA of tiggrobacterium tumefaciens
sues. The bombardmeAgrobacteriummethod combines the _ Plasmid pTiAchS. EMBO J. 3:835-846. _
advantages of both strategies: the high efficiency ohgrebac- edwin. |.D., B.V. Ford-Lloyd, and H.J Newbury. 1998.vitro ap-
teriumsystem to integrate the T-DNA in susceptible hosts and theProaches to extending the host-rangeAgfobacteriumfor plant

. . g Lo L transformation. Aust. J. Bot. 40:751-763.
capac_lty to m_troduce genetic information into any living cell, (?-iooykaas P.J.J., and A.G.M. Beijersbergen. 1994. The virulence system
the microparticle bombardment system. " '

e . . .. of Agrobacterium tumefacien&nnu. Rev. Phytopathol. 32:157-179.
An efficient regenerat!on protocol IS a prerequisite to devel%r ch, R.B., J.E. Fry, N.L. Hoffmann, D. Eichholtz, S.G. Rogers, and

a successful transformation system. Direct shoot organogenesis @ 1. Fraley. 1985. A simple and general method for transferring genes

different plant species could be induced by the cultivation of jnto plants. Science 227:1229-1231.

meristems on high level of cytokinin. This method of regeneratigéferson, R.A., T.A. Kavanagh, and M.W. Bevan. 1987. GUS fusions: R-

is rapid, reproducible, efficient and has been already reported foglucuronidase as a sensitive and versatile gene fusion marker in higher

Phaseolus vulgariandP. acutifolius(Malik and Saxena, 1992; plants. EMBO J. 6:3901-3907.

Mohamed et al1992a, 1992b). Experiments are now in progresswis, M.E. and F.A. Bliss. 1994. Tumor formation and beta-glucu-

to regenerate bean plants directly from transgenic apical merronidase expressionhaseolus vulgarimoculated wittAgrobacte-

istems obtained after the bombardmagtbbacteriunireatment. _fium tumefaciens). Amer. Soc. Hort. Sci. 119:361-366.

We intend to use this transformation system to introduce vifd® B-C., and C.l. Kado. 1977. Studies Agrobacterium tumefaciens

. - . . 1. Avirulence induced by temperature and ethidium bromide. Can.
resistance genes as well genes to improve the nutritional quality of " picrobiol. 23:1554—-1561.

this legume (Aragao et al., 1992, 1995). Malik, K.A., and P.K. Saxena. 1992. Regeneratidiaseolus vulgaris.:
. . High-frequency induction of direct shoot formation in intact seedlings by
Literature Cited N6-benzylaminopurine and thidiazuron. Planta 186:384—389.
Aragéo, F.J.L., A.C.M. Brasileiro, S.G. Ribeiro, J.C. Faria, and E.L. Redfariotti, D., G.S. Fontana, and L. Santini. 1989. Genetic transformation
1995. Inoculation of bean and soybean with cloned bean goldenof grain legumesPhaseolus vulgaris. andP. coccineus.. J. Genet.
mosaic virus (BGMV) DNA using particle acceleration. Fitopatol. Breed. 43:77-82.
Bras. 20:642-644. May, G.D., R. Afza, H.S. Mason, A. Wiecko, F.J. Novak, and C.J.

814 J. AvER. Soc. HorT. Sci. 121(5):810-815. 1996.



Arntzen. 1995. Generation of transgenic ban&hasé acuminata deletion mutants ohgrobacterium tumefaciength emphasis on the
plants viaAgrobacteriumamediated transformation. Bio/Technology right side of the Ti-region. Plasmid 7:15-29.

13:486-492. Petit A, C. David, G.A. Dahl, J.G. Ellis, P. Guyon, F. Casse-Delbart, and
McClean, P., P. Chee, B. Held, J. Simental, R.F. Drong, and J. SlightomJ. Tempé. 1983. Further extention of the opine concept: plasmids in
1991. Susceptibility of dry beaPRltaseolus vulgarik.) to Agrobac- Agrobacterium rhizogenesooperate for opine degradation. Mol.

teriuminfection: Transformation of cotyledonary and hypocotyl tis- Gen. Genet. 190:204-214.

sues. Plant Cell Tissue Organ Cult. 24:131-138. Russell, D.R., K.M. Wallace, J.H. Bathe, B.J. Martinell, and D.E. McCabe.
Michel, M.F., A.C.M. Brasileiro, C. Depierreux, L. Otten, F. Delmotte, 1993. Stable transformation &haseolus vulgarisia electric-dis-

and L. Jouanin. 1990. Identification of differégrobacteriunstrains charge mediated particle acceleration. Plant Cell Rpt. 12:165-169.

isolated from the same forest nursery. Appl. Environ. Microbidkciaky D., A.L. Montoya, and M.D. Chilton. 1978. Fingerprints of

56:3537-3545. AgrobacteriuniTi plasmids. Plasmid 1:238-253.

Mohamed, M.F., P.E. Read, and D.P. Coyne. 1992a. Dark preconditibepfer, M. and F. Casse-Delbart. 198grobacterium rhizogeness a
ing, CPPU, and thidiazuron promote shoot organogenesis on seedlingector for transforming higher plants. Microbiol. Sci. 4:24-28.
node explants of common and faba beans. J. Amer. Soc. Hort. $an Wordragen, M.F. and H.J.M. Dons. 1988robacterium tumefa-
117:668-672. ciensmediated transformation of recalcitrant crops. Plant Mol. Biol.
Mohamed, M.F., P.E. Read, and P.C. Dermot. 1992b. Plant regeneratioRpt. 10:12—36.
from in vitro culture of embryonic axis explants in common and tepaviancanneyt, G., R. Schmidt, A. O’Connor-Sanchez, L. Willmitzer, and
beans. J. Amer. Soc. Hort. Sci. 117:332-336. M. Rocha-Sosa. 1990. Construction of an intron-containing marker
Moore L., G. Warren, and G. Strobel. 1979. Involvement of a plasmid in gene: splicing of the intron in transgenic plants and its use in monitor-
the hairy root disease of plants causedbyobacterium rhizogenes ing early events irAgrobacteriummediated plant transformation.
Plasmid 2:617-626. Mol. Gen. Genet. 220:245-250.
Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth aNidiler, E.W. and J. Schrdder. 1987. Hormone genes and crown gall
bioassays with tobacco tissue cultures. Physiol. Plant. 15:473-497. disease. TIBS 12:271-275.
Ooms, G., P.J.J. Hooykaas, R.J.M. van Veen, P. van Beleen, J.4upan J.R. and P.C. Zambryski. 1995. Transfer of T-DNA fkgnobac-
Regensburg-Tuik, and R.A. Schilperoort. 1982. Octopine Ti-plasmid teriumto plant cell. Plant Physiol. 107:1041-1047.

J. AvER. Soc. HorT. Sci. 121(5):810-815. 1996. 815



