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Abstract

Strain K84 ofAgrobacterium(formerly calledA. radiobacte has been a successful biocontrol agent of crown gall
disease for almost 30 years all over the world. In spite of its demonstrated efficiency, the most important risk of
failure when using strain K84 is the possibility of transfer of plasmid pAgK84 to pathogemabacteriunstrains.

pAgK84 codifies production of and immunity to agrocin 84, the main factor involved in crown gall biocontrol by
strain K84. Then, a second generation of strain K84 was obtained and the genetically engineered strain was called
K1026. It contains a deletion in the transfer region of pAgK84. To date, a considerable number of studies have
been performed to compare both strains in its ability to control crown gall, plasmid transfer, antibiotic production,
root colonization and survival in the rhizosphere. The aim of this review is to discuss all this comparative available
information which advises that strain K1026 should be used as a biopesticide to safeguard biocontrol of crown gall
wherever strain K84 is employed.

Introduction was called K1026 and became the first living genet-
ically engineered microorganism (GEM) registered
Crown gall is a world-wide distributed plant disease to be released as a commercially available pesticide
caused byAgrobacteriumspecies and is responsible (Jones and Kerr, 1989). A considerable number of stud-
for nursery and field losses among a large variety ies have been performed to compare strain K1026 with
of plants. Successful biological control of crown gall its parent strain K84 but, to date, no review has been
using the nonpathogenic strain K84Adrobacterium written compiling all this available information. The
has been practiced on a commercial scale for almost 30aim of this review is to give a current overview of the
years. Considering its world-wide use and the presence use of strain K1026 for biological control of crown gall
of only a few reports concerning serious failures or disease.
unexpected deleterious effects, the K84 biocontrol sys-
tem is perhaps the most successful biocontrol prod-
uct currently available for bacterial diseases of plants
(Farrand, 1990). However, a second generation of strain
84 was obtained by genetic engineering to safeguard
crown gall biocontrol (Jones et al., 1988). This strain

Crown gall disease

Crown gall disease caused by different species

of the genusAgrobacterium(e.g. A. tumefaciens,

A. rhizogenesand A. vitis, formerly called biovars
*We dedicate this review to the memory of our crown gall 1, 2 and 3 ofAgrobacteriumrespectively) affects a

colleague Larry W. Moore who tragically died in 2000 while this  wide range of crops. More than six hundred host

article was in press. species have been described (DeCleene and DeLey,
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1976), but the disease has been reported as economCharacteristics of strain K84
ically important only in some of the potential hosts,
such as: fruit trees (almonds, apples, apricots, cherries, The discovery of strain K84 was the product of keen
peaches, pears, plums, etc.), nut trees (walnuts, pecanspbservational skills in the field when New and Kerr
etc.), caneberries (raspberry, blueberry, etc.), grapes(1972) observed that the ratio of pathogenic to non-
and a wide variety of dicotyledoneous plants includ- pathogenic agrobacteria was closely correlated with
ing some ornamental specidgsupnymuschrysanthe-  the incidence of crown gall on almond seedlings. They
mums, roses, poplars, etc.) (El-Fiki and Giles, 1981; then attempted to determine whether by increasing
Braun, 1982; Cooksey and Moore, 1982; Kerr and Tate, the number of nonpathogens on the roots, these bac-
1984; Lopez et al., 1987; 1989; Moore and Canfield, teria would inhibit tumor induction by the pathogen.
1996; Mart et al., 1999). Strain K84 was isolated in Australia from soil obtained
Losses in production due to this disease have not from around a peach gall, and when inoculated did
been recently evaluated in Europe, but a survey madenot cause galls. It was selected among other non-
in the 1980s in Spain indicated that 70% of nurseries pathogen isolates because when co-inoculated with a
had some attacks of crown gall, even with disease inci- pathogen in a ratio 1:1 on plant roots, it completely
dences up to 90% of galled plants in some plotsié&z prevented crown gall formation (Kerr, 1972; New and
et al.,, 1983). The disease has significant effects on theKerr, 1972). Strain K84 was classified Asradiobac-
quality of the infected material (Journal Officiel des ter, following the taxonomy used at that time, based
Communatits Eurogennes No. L 250/4-8 (7/10/93)), on its lack of pathogenicity, and belonged to the biovar
and although the disease can damage growing crops,2 of Agrobacterium(Kerr and Panagopoulos, 1977).
economic losses are incurred primarily in nurseries According to the current taxonomic classification of
where galled plants must be culled and discarded. the genusAgrobacteriumstrain K84 should be called
Agrobacteriumspecies are soil-inhabiting bacteria A. rhizogeneqSawada et al., 1993; Bouzar, 1994),
which infect only at wound sites or lenticels and induce however, as this new nomenclatureAgfrobacterium
plant cells to proliferate as a tumor. This is achieved species has not been adopted yet by many authors, the
by the transfer of a discrete fragment of bacterial DNA classical nomenclature will be used in this review.
(called T-DNA) to the nuclei of plant cells, where it Strain K84 harbors three indigenous plasmids:
directs the overproduction of plant growth hormones pAgK434 (also called pAtK84a){ 300 kb) codifying
(auxins and cytokinins) and the synthesis of novel foragrocin 434 production (Donner etal., 1993); pNoc
compounds called opines. The T-DNA is localized on (also called pAtK84b) (173 kb) encoding catabolism
tumorigenicAgrobacteriumstrains in large plasmids, of nopaline (Sciaky et al., 1978; Ellis et al., 1982)
called tumor-inducing (Ti) plasmids. As summarized and pAgK84 (47.7 kb) which encodes production and
by Kerr (1991), crown gall induction involves several immunity to agrocin 84 (Ellis et al., 1979; Ryder et al.,
steps: (a) chemotaxis of bacteria, responding to the pro-1987). As pNoc has large areas of homology (over
duction of some phenolic compounds from wounded 50%) with the Ti plasmid of.. tumefacienstrain C58,
tissue; (b) attachment and anchoring of bacteria to it was suggested that pNoc might be a deletion product
plant cells; (c) induction of the virulence genes by of apTiC58-type plasmid that has been disarmed in the
plant phenolic compounds; (d) processing of T-DNA, T-DNA andvir regions leading to a loss of oncogenic-
which is transferred to a plant cell; (e) integration of ity (Clare et al., 1990).
T-DNA into the plant genome; (f) synthesis of T-DNA-
encoded plant hormones; (g) rapid plant cell division
to form galls; (h) synthesis of opines. This process is Biocontrol with strain K84
followed by the preferential growth &grobacterium
because of opine utilization and the possible trans- By far, the most successful method for preventing
fer of Ti plasmid to other bacterial cells, induced by crown gall has been the use of strain K84, and sev-
opines. The mechanism of this interkingdom gene eral reports have shown the efficacy of K84 in con-
transfer has been studied in great detail over the lasttrolling crown gall in different hosts and countries
decades and several reviews have been published orall over the world (Moore and Warren, 19790jhez
this topic (Hooykaas and Schilperoort, 1984; Kado, etal., 1987; 1989; Farrand, 1990; Tawfik, 1990; Jones
1991; Winnans, 1992; Hooykaas and Beijersbergen, et al., 1991; Moore and Canfield, 1996). The pri-
1994; Sheng and Citovsky, 1996). mary trait exhibited by this biocontrol strain was the
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production of the highly specific anti-agrobacterial from the presence of high populations of agrocin
antibiotic agrocin 84 (Kerr and Htay, 1974). This anti- 84-resistant pathogens, latent infections, presence of
biotic is a di-substituted, fraudulent adenine nucleo- Agrobacteriumas endophytic pathogens, formulations
side analog, which is active against certain pathogenic with low numbers of viable K84 cells, low concentra-
strains ofAgrobacteriunspecies (Kerr and Htay, 1974;  tion of K84 on the roots compared to the soil pathogen
Murphy and Roberts, 1979; Tate et al., 1979; Hayman inoculum, inappropriate inoculation treatments, poor
and Farrand, 1988). Strain K84 successfully controls survival of K84 in the soil, presence of antagonists or
strains that are susceptible to agrocin 84 and pro- competitors for root colonization, etc. Furthermore, it
duction of this antibiotic is required for an effective is necessary to remark that biological control experi-
control (Kerr and Htay, 1974; Cooksey and Moore, ments should mimic natural conditions of infection and
1982; Lopez et al., 1989). However, under field con- treatments as being representative of the real efficacy of
ditions, strain K84 can also control pathogens that are strain K84. Co-inoculation experiments treating stems
resistant to agrocin 84 (Cooksey and Moore, 1980; or roots with a mixture of pathogen and biocontrol
Lopez et al., 1987; 1989; Bouzar et al., 1991; Vicedo agent are not adequate because they do not reproduce
et al., 1993; Penyalver andbpez, 1999; R. Penyalver  conditions achieved by K84 when used in nature.
and M.M. Lopez, unpubl.). The mechanisms used by  Another cause of failure related to plasmid transfer
strain K84 to control agrocin 84-resistant pathogens is discussed here in more detail. Panagopoulos et al.
have not yet been completely determined, but the avail- (1979) reported a failure of K84 in a field experiment
able data suggest that the biocontrol achieved by this where K84 and an agrocin 84-susceptible pathogen
agent is a complex phenomenon, with production of were co-inoculated on to almond roots. Pathogens
agrocin 84 being only one of the traits involved in the resistant to agrocin 84 were subsequently isolated in
process (Farrand and Wang, 1992; Vicedo et al., 1993). the many galls which developed, and among them
Strain K84 produces a second anti-agrobacterial many isolates were also producers of agrocin 84. The
substance (agrocin 434), which is less inhibitory inference from this data was that genes controlling
than agrocin 84n vitro (Donner et al., 1993). This  agrocin 84 production and resistance were transferred
agrocin, which most probably is a di-substituted from strain K84 to the pathogenic recipient, resulting
cytidine nucleoside (Fajardo et al., 1995), inhibits in a breakdown in this biocontrol experiment because
only biovar 2 strains ofAgrobacterium(now called after such transfer the pathogenic recipient becomes
A. rhizogenes Then, agrocin 434 may play a role resistant to agrocin 84. At that time pAgK84 was also
in biocontrol of agrocin 434-susceptible pathogens of transferredn vitro from K84 to recipient agrobacteria
biovar 2 (McClure et al., 1998). K84 also produces a (Ellis and Kerr, 1979; Ellis et al., 1979). The occur-
third Antibiotic-Like Substance named ALS84, which  rence of this transfer event in this biocontrol experi-
in vitro inhibits many tumorigenicAgrobacterium ment was probably due partly to the high population
strains (PBalver etal., 1994). The inhibitory activity of ~ densities of both the pathogen and of the control agent,
ALS84 is correlated to the production of siderophores which were each introduced artificially. Nevertheless,
by K84 underiron-limiting conditions (Penyalver etal., these results raise the question of whether such a break-
2000). The chemical structure and the possible role of down could occur during the normal practice of bio-
ALS84 in crown gall biocontrol by strain K84 have not logical control using K84 in the field. In this regard,
yet been determined. we reported that the transfer of pAgK84 from K84
to A. tumefaciengould also be demonstrated in sev-
eral biocontrol experiments, in which soil inoculation
Possible causes of failure in biocontrol with and plant treatments simulated closely the conditions
strain K84 found when biological control is performed in nurs-
eries (Vicedo et al., 1993; Vicedo, 1995). Furthermore,
In spite of the success of K84, some potential prob- Lu (1994) reported the recovery of several pathogenic
lems could be associated with its application (Farrand, Agrobacteriunisolates containing pAgK84 from galls
1990; Jones et al., 1991; Vicedo et al., 1993; 1996; on plants given a pretreatment with K84 and grown in
Moore and Canfield, 1996). Most of the few reported commercial nurseries in USA. Also, Stockwell et al.
failures have not been explained because there is no(1996) reported field detection of pathogenic transcon-
available information about the strains isolated from jugants resulting from a co-inoculation experiment on
K84-treated galled plants. Failures could have arisen cherry. All these reports show the relatively frequent
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occurrence of pAgK84 transfer during practical use of = Agrocin 84 production
strain K84. This could dramatically decrease its effi- :‘;‘g;‘:m“““y
cacy because transconjugants are agrocin 84 producers

and resistant to the antibiotic. Moreover, biocontrol
experiments using such transconjugants as challenge
pathogens demonstrated that they were not controlled
by K84 and suggested that they were threatening K84
efficacy in the short or medium term (Vicedo, 1995).
To avoid this transfer and safeguard the biocontrol of
crown gall against breakdown due to conjugal trans-
fer of pAgK84 from K84 to pathogeni&grobacterium
strains, the GEM strain K1026, harboring a pAgK84
transfer deficient derivative (Tr® was developed
(Jones et al., 1988).

(47.7 kb)

Deletion in

pAgK1026

The GEM strain K102 Tra -’

eG stra 026 Region n Replication
. . ~a region

Strain K1026 was obtained after successful cooper- 24— Plasmid

ation between the Australian teams involved in the stability

discovery and characterization of strain K84 and a
North American team working on the biology of Figure 1 EcaRl restriction map of pAgK84 showing the trans-

: : fer, plasmid stability, replication, and synthesis and immunity to
Agrobacteriumspp. plasmids (Jones et al,, 1988). agrocin 84 regions, according to Farrand et al. (1985, 1992). The

Res_triCtion maps of pAg_K84 were prO(_juced a_nd the Tra- pAgK1026 does not contaicaRl fragments D1 and H
conjugal transfer determinants (Tra region) defined by (jones et al., 1988).

transposon mutagenesis (Figure 1) (Slota and Farrand,
1982; Farrand et al., 1985; Ryder et al., 1987). Deriva-
tives of K84 containing transfer-deficient34insertion
mutants of pAgK84 controlled crown gall as effec-
tively as K84 (Shim et al., 1987). However, these
mutants were not desirable replacements for pAgks4 Biocontrol efficiency of strain K1026

since they could revert to Tfaand because Hrarries

three different antibiotic resistance genes (Jones et al., The comparativen vivo efficacy of strains K84 and
1988). Using recombinant DNA techniques, a stable K1026 againsfgrobacteriumstrains susceptible and
Tra- deletion mutant of pAgK84, called pAgK1026, resistantto agrocin 84 is summarized in Table 1. These
was constructed which has neither of these undesirableexperiments clearly demonstrated that strain K1026
properties. The new derivative of pAgK84 has a 5.9 kb is as efficient as K84 in controlling crown gall under
deletion of EcaRI fragments D1 and H (Figure 1), different experimental conditions, hosts and countries.
which contains the transfer (Tra) region_ pAgK1026 Both strains controlled crown gaII even under hlgh dis-
is incapable of conjugal transfer at a detectable fre- €ase pressure. Both were also able to control disease
quency in the laboratory (Jones et al., 1988). Later, caused by both agrocin 84-susceptible and -resistant
sequence analysis of 0.5kb from the right side of the pathogens, showing that strain K1026 was also able
EcoRlI fragment H has shown that it contains sequences to use other mechanisms not related to agrocin 84
with hom0|ogy to genes of other Conjuga| transfer sys- SUSCGptib”ity in the same manner as strain K84. Due
tems, while the nexEcoR| fragment F contains open  to restrictions to the use of a GEM in the open in
reading frames with homology to genes involved in many countries, the only available results about com-
plasmid stability as previously reported by mutagen- parative biocontrol efficacy in open field conditions
esis analysis (R. Penyalver and S.K. Farrand, Univer- are those from Tunisia and USA, where both strains
sity of lllinois at Urbana-Champaign, Illinois, USA, showed similar results. In addition, four major com-
unpubl.). This sequence analysis suggests that the Tramercial nurseries in Australia have provided declara-

region of pAgK84 could extend further than previ0u5|y tions on the efficacy of strain K1026 to control crown
described (Figure 1). gall disease in a number of plant hosts. In some of these

The new derivative of strain K84 with pAgK1026
was named strain K1026 (Jones et al., 1988).



Table 1 Comparitive biocontrol efficacy of strains K84 and K1026
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Assay Country Host Challenge Susceptibilty Treatment Numberof % of plants Index of Source
pathogen  to agrocin 84 analyzed with galls biocontrol
plants efficiency
1 Australia  Young almonds K27 Susceptible Untreated 12 100 Jones and
K84 14 14 86 Kerr, 1989
K1026 12 25 75
Old almonds K27 Susceptible Untreated 15 100
K84 15 20 80
K1026 15 27 73
2 Jordan Tomato B4 Susceptible Untreated 12 75 Fakhouri and
K84 12 0 100 Khalaif, 1996
K1026 12 0 100
8301 Susceptible Untreated 12 83
K84 12 0 100
K1026 12 0 100
B1 Resistant Untreated 12 67
K84 12 0 100
K1026 12 0 100
3 Spain Hybrid peack 804-42 Susceptible Untreated 110 3 Vicedo et al.,
almond GF677 K84 110 0 100 1993
K1026 110 0 100
805-3 Susceptible Untreated 110 13
K84 110 0 100
K1026 110 1 92
Hybrid peachx 804-42 Susceptible Untreated 110 21
almond Adafuel K84 110 1 95
K1026 110 0 100
805-3 Susceptible Untreated 110 71
K84 110 0 100
K1026 110 1 99
Hybrid peachx 678-2 Resistant Untreated 50 50
almond GF677 K84 50 17 66
K1026 50 0 100
436-3 Resistant Untreated 50 19
K84 50 0 100
K1026 50 0 100
4 Spain Hybrid peack 325-4 Susceptible Untreated 78 69 Vicedo
almond GF677 K84 85 6 91 etal., 1996
K1026 99 1 96
5 Spain Hybrid peaclx 325-4 Susceptible Untreated 61 91 ofez-lopez
almond GF677 K84 50 4 96 etal., 1999
K1026 57 7 92
6 Spain Hybrid peack B6 Resistant Untreated 76 9 Penyalver and
almond GF677 K84 56 0 100 dpez, 1999
K1026 70 0 100
66R Resistant Untreated 66 18
K84 80 0 100
K1026 61 2 89
7 Spain Cherry ‘Camil’ 678-2 Resistant Untreated 41 66 R. Penyalver and
K84 38 8 88 M.M. Lopez
K1026 39 8 88 (unpubl.)
Cherry ‘Colt’ 678-2 Resistant Untreated 57 54
K84 57 7 87
K1026 57 5 90
Cherry ‘Damil’ 678-2 Resistant Untreated 52 8
K84 28 0 100
K1026 32 0 100
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Table 1 (Continued

Assay Country Host Challenge Susceptibilty Treatment Numberof % of plants Index of Source
pathogen  to agrocin 84 analyzed with galls biocontrol
plants efficiency
Cherry ‘F12.1' 678-2 Resistant Untreated 39 85
K84 20 30 65
K1026 22 14 84
Cherry ‘Inmil’  678-2 Resistant Untreated 65 19
K84 46 4 77
K1026 39 3 86
8 Tunisia  Sour almond Natural Untreated 47 100 A. Boubaker
infection K84 59 3 97 (unpubl.)
K1026 117 3 97
9 USA Apple n.a n.a. Untreated 125 7 L.W. Moore
K84 125 2 71 (unpubl.)
K1026 125 0 100
Apricot/Peach  n.a. n.a. Untreated 125 17
K84 125 1 94
K1026 125 0 100
Pear n.a. n.a. Untreated 125 10
K84 125 1 920
K1026 125 0 100
Prunus n.a. n.a. Untreated 125 9
tomentosa K84 125 0 100
K1026 125 0 100
Walnut n.a. n.a. Untreated 125 7
K84 125 0 100
K1026 125 0 100

aIndex of crown gall biocontrok 100%-— [ (% of disease incidence in treatmert00) / (% of disease incidence in corresponding untreated
controh] according to Penyalver andbpez (1999).
bNot available.

nurseries, strain K1026 has been in use now for over was pAgK1026 transfer detected in galls from K1026-
10years (G.K. Bullard, Bio-Care Technology Pty. Ltd., treated plants (Vicedo et al., 1993; Vicedo, 1995).
Somersby, Australia, pers. comm.). We can infer from Transfer of pAgK84 was detected in tumours from
the reported data that strain K1026 would significantly peachx almond GF677, osier and rose hosts. These
control crown gall disease resulting from natural infec- data suggest a quite high frequency of pAgK84 transfer
tions in nurseries or in the field, where the incidence of from K84, as discussed above, and show the absence
the disease is usually lower that those resulting from of such transconjugants when using strain K1026
deliberate inoculations with the pathogen. for biocontrol of crown gall disease in semi-natural
conditions.

Agrocin 84-plasmid transfer

Antibiotic production by strain K1026:
Comparative studies have been performed to evalu- agrocins 84, 434 and ALS84
ate the transfer frequency of the agrocin 84-plasmid
from strains K84 and K1026 tAgrobacteriunrecipi- Strain K1026 produces agrocin 84, indicating that
ents in several biocontrol assays performed with differ- pAgK1026 retains the agrocin 84 biosynthetic locus of
ent plant hosts (peack almond hybrids Adafuel and  pAgK84 (Jones et al., 1988). Furthermore, the amounts
GF677, osier and rose). In four out of 10 assays car- of agrocin 84 produced by strain K1026 are similar
ried out recently, pAgK84 was transferred from K84 to those produced by K84, suggesting that pAgK1026
to the recipient pathogen in crown gall tissues from retains the copy number of its pAgK84 progenitor and
galled K84-treated plants, but in none of the assays that no plasmid stability determinants were removed
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(Figure 1). Strain K1026 also produces agrocin 434 to safeguard biocontrol by preventing acquisition of
to the same extent as K84, since production of this Ti plasmid (Kerr and Ellis, 1982; Clare et al., 1990).
agrocin is encoded on pAgK434, which is present in Eventhough incompatible plasmids are unable to repli-
both strains (Donner et al., 1993). ALS84 is also pro- cate in the same cell (Kerr and Ellis, 1982; Novick,
duced by strain K1026 in the same amount as by strain 1987), such protection may not be as effective as was
K84, since its production seems to be chromosomally once thought. Stockwell et al. (1990) reported that a
encoded (Palver et al., 1994; Penyalver et al., 2000). transposon-tagged Ti plasmid had transferred to strain
K84 after co-inoculation oA. tumefacienand K84 in
Root colonization and survival in tomato stems, but no characterization of the transconju-
the rhizosphere by strain K1026 gants was performed. Furthermore, we have described
the spontaneous transfer of the Ti plasmid frém

A biocontrol agent should grow and persist on the sur- tumefaciengo strain K84 in crown gall_ tissue. Th|s_
face of the plant it protects. Colonization and survival transfer event was detected only once in one tumor in
in the rhizosphere is widely believed to be essential & Piocontrol assay. Southern blot hybridization analy-
for biocontrol of soilborne pathogens (Weller, 1988; SIS suggested that recombination between Ti plasmid
Handelsman and Stabb, 1996). K84 has proved to be2nd PNoc could have occurred in K84, resulting in a
a good colonizer of the root systems of different hosts NeW Ti plasmid (Vicedo et al., 1996). The frequency
(Ellis etal., 1979; Shim etal., 1087; Macrae etal., 1988; &t Which the Ti plasmid could be conjugatively trans-
Stockwell et al., 1993: Vicedo et al., 1993). It is rea- fe_rred to strain K_84|nthe field and its repercussions on
sonable to hypothesize that the capacity of strain K84 Piocontrol effectiveness are not yet known. The behav-
to colonize the roots of treated plants is an important 17 Of the virulent transconjugant derived from K84
factor required for the successful biocontrol of crown thamed m_those studies was compared with t_he behav-
gall. In this regard, levels of root colonization of peach {0F Of the wild-typeA. tumefaciendonor of the Ti plas-
seedling by strains K84 and K1026 were similar, show- Mid (Lopez-lopez et al., 1999). Host range, ability to
ing that K1026 was as good a colonizer as K84, at least induce tumors in S(_everal frqn trees and stability o_f the
during the 21-day study period (Vicedo et al., 1993). pathogenic determinantsinisolates from tumors did not
Strain K1026 was also recovered from roots seven differ between both strains. However, the transconju-
months after inoculation on almond seedlings (Jones 9&ntwas not controlled by K84 and survived in the root
and Kerr, 1989). Moreover, studies comparing the abil- SyStem atlarger population densities than the wild-type
ities of strains K84 and K1026 to persist in the rhizo- 1I-Plasmid donor strain (bpez-lopez et al., 1999).
sphere have shown that both strains survived at levels hen. appearance and the possibility of persistence in
of ca. 16 colony forming units (CFU) per gram of root soil of strains harborm_g aTi _plasmld in K84 back—_
eight months after they had been inoculated on to the 9round has been described (Vicedo et al., 1996), but it
roots of peach« almond GF677 plants @pez-Lopez seems an mfrequen't event. Nevertheless, it yvould rep-
etal., 1999: Penyalver ancbpez, 1999). resenta rlskto the_: plocontrol of crown gall using strain
In conclusion, deletion dfa from pAgK84 in strain K1026, if this strain is also able to acquire a Ti plasmid

K84 to produce K1026 does not affect its ability to and then become pathogenic. Transfer of Ti plasmids
colonize and survive in the rhizosphere. from different strains oA. tumefaciento strain K1026

has never been detected in several biocontrol experi-

ts (lbpez-LO6 t al., 1999).
Possible causes of failure in biocontrol with ments (lopez-lopez eta )

strain K1026

Production, formulation and delivery
Crown gall biocontrol could also fail via the trans-
fer of Ti plasmid from a pathogeniégrobacterium K84 is supplied commercially by several companies in
donor to strain K84, which then becomes pathogenic many different preparations: a bacterial culture in agar
while retaining agrocin 84 production and immunity. plates, as freeze dried cells, in a formulation containing
pNoc of strain K84 belongs to the same incompati- carboxymethyl cellulose, and in a finely ground peat
bility group (Inc Rh1) as the nopaline-type Ti plas- preparation similar to th&hizobiuminoculants. Dif-
mids (Kerr and Ellis, 1982; Clare et al., 1990; Farrand, ferent carriers and production technologies have been
1993) and its presence in strain K84 has been thoughttested for commercial formulations of K84, and those
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currently available satisfy requirements for production, Australia. It is produced as a peat-based formulation
storage, cost and application considered desirable forthat contains a minimum of 2®acteria per gram, and
an effective commercial biocontrol product (Moore and has an advertized shelf life of six months. Recently,
Warren, 1979; bpez et al., 1987; Presenti-Barilietal., NOGALL™ received official approval to be used as a
1991). Strain K1026 has the same properties as its par-biopesticide in the USA (G.K. Bullard, Bio-Care Tech-
ent strain K84 for commercial formulation and it is nology Pty. Ltd., Somersby, Australia, pers. comm.).
currently supplied as a peat preparation. Lanning (1991) pointed out that a ‘model’ GEM
product is needed to convince both regulators and the
public of the benefits and acceptability of GEMs. The
described properties of strain K1026 qualify it as a
model GEM,; itis relatively noncontentious from a reg-
ulatory viewpoint since it involves a deletion, rather
than the more controversial insertion of new DNA, and
the deletion was done in a well-characterized organism.
The available information supports the registration
of the GEM strain K1026 to be used as a biopesticide
for biocontrol of crown gall disease because it is effec-
tive under different conditions, hosts, countries, and
because its utilization should not represent a risk either
for living organisms nor for the environment. Strain
K1026 should be used wherever strain K84 is employed
to safeguard biological control of crown gall disease.

Safety

Toxicity studies with K84 and the evidence of its
world-wide use for nearly 30 years indicate that it is
harmless to plants, animals and humans (Moore and
Warren, 1979). Strain K1026 is a GEM but evidence
indicates that it is still harmless to these organisms
and also to the environment (Jones and Kerr, 1989). It
should be pointed out that: (1) strain K84, the progeni-
tor of K1026, has been registered as a biopesticide and
been used commercially in several countries where
there have been no reports of harm; (2) strain K1026
is identical to strain K84 except that it lacks a 5.9 kb
portion of the agrocin 84-plasmid, therefore prevent-
ing agrocin 84-plasmid transfer (Jones et al., 1988).
No foreign DNA remains in GEM K1026 (Jones Acknowledgements
et al., 1988); (3) strain K1026 contains no Ti-plasmid-
encoded genes involved in crown gall induction We thank A. Boubaker, G.K. Bullard, S.K. Farrand
(Clare et al., 1990); (4) strain K1026 is a biovar and L.W. Moore for providing unpublished informa-
2-strain of Agrobacteriumand cannot grow at 3T tion. We are grateful to P. Druart for providing some
(human body temperature) (Kerr and Panagopoulos, of the cherry plants. We also thank all members of
1977).A. radiobactetlike organisms are becoming an the laboratory, in particular C. Morente, J. Piquer and
increasingly opportunistic human pathogens (Edmond C.I. Salcedo for their contributions on crown gall bio-
etal., 1993), but those clinical strains showed a higher control experiments, and A. Sambade for graphics
temperature tolerance and can grow at@pwhile assistance. R. Penyalver is a recipient of a contract
strain K1026 does not; (5) the agrocin 84 produced from the Ministerio de Educagn y Cultura of Spain
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