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Abstract 

Agrobacterium transformation systems for Brassica, Solanum and Rubus, using carbenicillin, cefotaxime and 
ticaracillin respectively to eliminate contamination, were examined for the presence of residual Agrobacterium. 
The results indicated that none of the antibiotics in question, succeeded in eliminating Agrobacterium and the 
contamination levels increased in explants from 12 to 16 weeks to such an extent that Solanum cultures senesced 
and died. This may be due to the fact that four times the Minimum bactericidal concentration values (concentration 
to be used for elimination of contaminants in culture), for the three antibiotics, were higher than the concentrations 
employed in the culture medium. Contamination in shoot material decreased over 16 to 24 weeks possibly due to 
bacteriostatis and the use only of the apical node for further culture. The presence of the binary vector was also noted 
under non-selective conditions, even up to 6 months after transformation, where approx. 50% of contaminated 
material still harboured bacterial cells with the binary vector at levels of approx. 107 Colony forming units per 
gram. 

Abbreviations: CFU - colony forming units, GUS - fl-glucoronidase, PCR - polymerase chain reaction, MBC - 
minimum bactericidal concentration, NPTII - neomycin phosphotransferase, RAPD's - random amplified poly- 
morphic DNA 

Introduction 

With the discovery, in the early 1970's, of genetic 
transfer between Agrobacterium and the plant kingdom 
(Grierson and Covey, 1984), genetic engineers have 
now been able to use Agrobacterium as a vector for 
insertion of desirable genes into the plant genome. The 
origin of these genes may vary from unrelated plant 
species to microbes and animals (Dale et al., 1993), 
therefore, leading to many advances in genetic engi- 
neering. Transformation systems are now available for 
a large number of plant species and examples of trans- 
genes for pest, viral, fungal, and herbicide resistance, 
and environmental stress tolerance exist (Dale et al., 
loc. cit.). 

With these developments however, comes the prob- 
lem of gene escape. The fear that genes inserted in 

plants will spread to wild plant populations or in the 
case of bacteria, spread giving them an advantage 
or disadvantage in their natural environment has now 
become a real issue. Such horizontal gene transfer is a 
well documented fact and has been reported not only to 
occur within species (Lorenz and Wackernagel, 1991; 
Lilley et al., 1994), but also between Gram positive and 
Gram negative bacteria (Schafer et al., 1990; Bertram 
et al., 1991). Heinemann and Sprague (1989) also give 
an example of bacterial plasmid transfer between bac- 
teria and yeast. 

When considering the use of Agrobacterium as a 
tool in genetic engineering, it is now imperative to 
also address the magnitude of risk posed to the envi- 
ronment in releasing transgenic plants. Transforma- 
tion of plants is carried out by inoculation of explants 
with an Agrobacterium culture, co-cultivation for a 
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short period, followed by elimination of the bacterium 
with antibiotics (Draper et al., 1988). If, however, all 
the bacteria are not eliminated, then release of these 
plants may also result in release of the Agrobacterium. 
Various antibiotics have been employed to eliminate 
Agrobacterium following transformation, but very few 
authors actually test to ensure that the antibiotics suc- 
ceed. Several examples of the use of carbenicillin at 
500 mg 1-1 (Radke et al., 1988; Moloney et al., 1989; 
da Camara Machado et al., 1992; Eapen and George, 
1994) and more recently cefotaxime at 200-500 mg 
1-1 (Higgins et al., 1992; Hassan et al., 1993; Jacq et 
al., 1993; Calfalonieri, 1994; Howe et al., 1994; van 
der Hoeven et al., 1994) exist, but not one tested to 
ensure that bacterial elimination occurred. 

There are few examples in the literature where suffi- 
cient screening for residual Agrobacterium was carried 
out. Graham and McNicol (1990) crushed plant mate- 
rial and plated it onto nutrient rich medium. Sarria et 
al. (1994) incubated plant material in liquid LB (Luria 
Broth) for seven days, and Gonsalves et al. (1994) 
plated strips of material onto LB medium. Two studies 
transferred material onto non - antibiotic medium, and 
when no Agrobacterium grew from the explants, they 
were presumed to be axenic (Barghchi et al., 1994; 
Mylnarova et al., 1994). This technique, however, is 
unreliable since bacteria can remain latent within plant 
tissue throughout the culture period (Cassells, 1991; 
Leifert et al., 1991). Antibiotics have been successful 
in the elimination of bacteria in tissue culture in some 
cases (Horsch and King, 1983; Leifert et al., 1991; 
Barrett and Cassells, 1994), but a vital aspect to their 
success is to ensure the completion of drug sensitivity 
tests, MBC determination, stability of the antibiotic 
and phytotoxicity to the plant. 

This study was therefore carried out to investigate 
the ability of antibiotics to eliminate Agrobacterium 
tumefaciens after transformation using three model 
systems. With the persistence of residual bacteria, an 
examination to see if the binary vector was retained 
under non-selective conditions was carried out. 

Materials and methods 

Plant material 

These were germinated in vitro in the dark at 25 °C on 
Murashige and Skoog medium (Flow Lab, Irvine, UK) 
(Murashige and Skoog, 1962) with 20 g 1 - l  sucrose 
solidified with 8 g 1-1 of agar (A - 7002; Sigma Chem- 
ical Company, Poole, Dorset, UK), and multiplied by 
nodal culture (Table 1). Cultures of Solanum tubero- 
sum cv. 'Pentland squire' and Rubusfruiticosus L. agg 
cv. 'Loch ness', were also multiplied by nodal culture 
(Table 1). All material was subcultured at 6-8 week 
intervals and maintained at 25 °C under a 16-h pho- 
toperiod, light intensity 50 gmol m -2 s -1, and 8-h 
night regime. 

Agrobacterium transformation 

The strain LBA4404 with the binary vector PBI121 
(Jefferson, 1987a, b) containing the GUS gene and the 
NPTII gene, which confers kanamycin resistance, was 
employed for all transformation procedures. A single 
colony of LBA4404 was inoculated into LB broth con- 
taining 50 mg 1-1 kanamycin (Sigma Chemical Co., 
Poole, Dorset, U.K.) and incubated overnight at 27 °C 
to serve as inoculum. Prior to transformation the bac- 
terial cells were centrifuged, washed and finally resus- 
pended in the appropriate tissue culture medium with- 
out kanamycin. This eliminated traces of the antibiotic 
which may have damaged the explants. Leaf discs 0.5 
cm in diameter were cut from Solanum and Rubus, 
while internode segments of 0.3~0.5 cm in length 
served as explants from Brassica and Rubus cultures. 
Between 5 and 7 plates, with 10-15 explants/plate of 
each, were set up. Explants were transformed by using 
already published systems: Brassica - Millam, 1989; 
Solanum - Higgins et al., 1992; Hulme et al., 1992; 
Rubus - Graham and McNicol, 1990; Graham pers. 
comm. The antibiotics used to eliminate Agrobacteri- 
um are given in Table 2. Explants were subcultured on 
fresh medium every 10 days, and kanamycin selection 
was employed for only Solanum at this stage. Bras- 
sica and Solanum explants were transformed with an 
inoculum of LBA4404 of 3.7 x 107 cfu m1-1. Rubus 
explants were transformed with a concentration of 2.9 
x 10 7 cfu ml-1. 

Method of  sampling for  the presence of  
Agrobacterium 

Seeds of rapid-cycling Brassica oleraceae were sur- 
face sterilized in 80% ethanol for one minute, 10% 
Domestos blech (Lever Bros, UK) for fifteen min- 
utes, followed by two washes in sterile distilled water. 

All surviving explants, which varied between 30-50 
for each species, were sampled. Explants were cut lon- 
gitudinally, weighed, and one half used for sampling, 
while the remaining half was placed on fresh antibiotic 



Table 1. Nodal medium for Brassica, Solanum and Rubus (pH 5.6). 

Component  Brassica Solanum 
(g 1 - l ) (mgl - 1 ) (gl - 1 ) (mgl - 1 ) 

Rubus 
( g l -  1 ) ( m g l -  l ) 

MS basal salts 4.71 4.71 

Sucrose 20.00 30.00 

Calcium panthothenate 

Cystene HCI 

Glutamine 

Glycine 

lnositol 

Nicotinic acid 

Pyridoxine HCI 

Thiamine HC1 

Biotin 

KH2 PO4 0.17 

CaCI2 .H20  0.44 

GA3 

Agar  8.00 8.00 

4.71 

30.00 

0.20 

1.00 

1.00 

0.40 2.00 

0.10 

0.10 1.00 

0.10 1.00 

0.91 1.00 

0.01 

8.00 

2.50 
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medium for Agrobacterium elimination. The explants 
were sampled in this manner because Agrobacterium 
travels in the xylem vessels (Tarbah and Goodman, 
1987; Jones and Raju, 1988) and cutting longitudinally 
implies cutting though the transpiration system. Shoots 
were weighed following removal of the apical node, 
which was also placed onto fresh antibiotic medium. 
The explant or shoot was crushed with a small pestle 
in a 1.5 ml microcentrifuge tube of saline (0.85%), and 
placed on a shaker for 15 minutes. Following vortexing 
for 10 seconds, the samples were diluted serially and 
plated onto LB to determine which bacterial contami- 
nants were present. Plates were incubated at 27 °C for 
3-4 days and observed for bacterial growth. Colonies 
were counted, and the cfu g - l  calculated. Explants 
were sampled 12 and 16 weeks after transformation, 
and shoots were sampled at the 16 and 24 week stage. 

Identification of LBA4404 using the polymerase chain 
reaction 

Bacteria isolated from the plant tissue, with colony 
morphology similar to that of LBA4404, were con- 
firmed as LBA4404 by using RAPDs. Isolation of 
chromosom DNA was carried out using the method of 
Armitage et al., (1988). Ten-ml cultures of Agrobac- 
terium grown over a 48-h period were used to iso- 
late 10-25 ng ~tl - l  of DNA. In order to determine 
that it would be possible to use RAPD's, ten random 
primers (1-GGTAGCACTC; 2-GGTCCTCAGG; 3- 

CAGTTCGAGG; 4-TACCGACACC; 5-TCGGAGTG- 
GC; 6-ACTCAGGAGC; 7-CCACCGCCAC; 8- 
AGAGATGCCC; 9-CAGq~FCTGGC; 10-CGTGCTA- 
GCA; Pharmacia, Grosvenor Road, Herts, UK) were 
used to probe several isolates of Agrobacterium (See 
Figure 1 for strain type). Reactions were performed 
using 5 I11 (25-50 ng) of DNA per sample with 5 gl of 
10 x dNTP solution (2 mM), 5 gl of 10 x primer (0.2 
mM), 5 p.1 of 10 x taq buffer, 0.10 (1 oftaq DNA poly- 
merase (HT Biotechnology, Ditton Walk, Cambridge, 
UK) (5 U gl- l ) ,  29.9 gl of water and overlaid with 
mineral oil. Samples underwent 45 cycles of 92 °C, 1 
min, of 40 °C, 3 mins and 72 °C, 1 min followed by 
one cycle of 72 °C for 5 mins. Samples were run on 
a 1.5% agarose gel at 110V for 4 hours followed by 
ethidium bromide staining for UV fluorescence. 

Detection and confirmation of the presence of the 
binary vector 

The presence or absence of the binary vector was 
detected by plating all Agrobacterium samples that 
had been re-isolated after 16 weeks from the plant 
tissue, onto LB containing 50 mg 1-1 of kanamycin 
as well as LB with no antibiotics. Growth on LB 
but no growth on LB + Km (kanamycin) indicat- 
ed that the binary vector had been lost. Growth 
on both plates suggested the presence of the bina- 
ry vector. This was confirmed by using PCR with 
specific primers for NPTII (5'GCTATTCGGCTAT- 
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GACTG 3' and 3' GGGAGCGGCGATACCGTA 5' and 
GUS (5 'GGTGGGAAAGCGCGTFACAAG 3'and 
3 'GTTI 'ACGCGTTGCTTCCGCCA 5' (Pharmacia, 
Grosvenor Road, Herts, UK). 

Plasmid DNA was isolated by using a plasmid 
kit (Qiagen, Max-Volmer-Stasse, Hilden, Germany). 
Double the recommended quantity of bacterial culture, 
suggested by the protocol, was necessary to yield 5 - 10 
ng gl-1 of plasmid DNA. The reactions were carried 
out with 1 gl (5-10 ng) of DNA, 5 ~tl of 10 x dNTP 
solution (2 mM), 5 p.l of 10 x 5 ' -3 'primer,  5 gl of 
10x 3 ' - 5 '  primer, 5 gl of 10x taq buffer, 0.03 gl of taq 
polymerase (5U gl-1), 28.97 gl of water and overlaid 
with mineral oil. Samples underwent 35 cycles of 92 
°C, 1 rain, of 62°C, 1.5 mins and 72 °C for 2 mins 
followed by a second stage of one cycle of 92 °C, 1 
min, of 62 °C, 1.5 min and 72°C for 5 rains. Samples 
were stained as described as before. 

Determination of the minimum bactericidal 
concentration (MBC) 

The MBC for LBA4404 was determined prior to trans- 
formation by inoculating broths of LB and the respec- 
tive tissue culture media (Table 1) with increasing 
concentrations of carbenicillin, ticaracillin and cefo- 
taxime. Concentrations from 50 mg 1-1 to 1000 mg 
1 - I  were examined. The broths were then inoculated 
with 0.1 ml of a 24-h liquid culture of LBA4404 (3.7 
× 10 6 cfu ml-1). These were incubated overnight on 
a shaking waterbath at 27 °C and plated onto solid 
antibiotic-free LB. After 3-4 days further incubation, 
the plates were examined for growth. If the tubes were 
not turbid, and there was growth on the solid plates, 
then this implied that the antibiotics were bacterio- 
static. If there was less growth than the control, then 
there was some bactericidal effect and the minimum 
concentration that yields no growth is the MBC val- 
ue. Incorporation of antibiotic into the tissue culture 
medium, at a concentration of four times the MBC is 
recommended for elimination of bacteria in tissue cul- 
ture (Falkiner pers, comm; Barrett and Cassells, 1994). 

Results 

Explant sampling for the presence of residual 
Agrobacterium 

The results of sampling are given in Table 2. It can 
be seen that the percentage contamination remained 

high or increased between the 3 and 4-month stage on 
antibiotic medium. The colony forming units per gram 
varied greatly between samples, but values were often 
higher than the original inoculum, with residual bac- 
teria as high as 109 cfu g-1. Explants were no longer 
sampled after the 16-week stage because contamina- 
tion became so high that Solanum explants senesced 
and died, and putative Agrobacterium began to exude 
from the tissues of  Brassica and Rubus. This indicates 
that the antibiotics, at the concentrations shown, were 
not eliminating contamination. 

Shoot sampling for the presence of residual 
Agrobacterium 

As shoots were produced in Brassica explants within 
6 weeks, it was decided to use this species to exam- 
ine residual bacteria in shoots. The first 100 shoots 
produced were sampled, and 31% contained residual 
putative Agrobacterium at concentrations ranging from 
5 x 101 upto7.3 x 10 7 cfu g-1 .  After a further 8 weeks 
(total of 24 weeks after transformation) on antibiotic 
medium, the shoots which had developed from the api- 
cal nodes were again sampled. No Agrobacterium was 
evident on the medium however, 24% gave positive 
results with a range of 6.2 x 101 to 8.8 x 10 s cfu g-1 .  

Preliminary Polymerase Chain Reaction results 

DNA from LBA4404 and several other wild Agrobac- 
terium species was probed with 10 random primers. 
Primer 10 gave no response, primers 1-4 and 9 gave 
only 1-2 bands, primers 5 and 6 gave ~ 3 bands and 
Primer 7 and 8 gave 4-5 bands. Figure 1 indicates 
the different banding patterns produced by LBA4404 
and several of the wild isolates of Agrobacterium with 
primer 8. Five bands were produced by LBA4404, 
which occurred in all replicates (10 reactions) and had 
molecular weights between 2.35 and 0.4 kb. No other 
strain tested gave the same banding pattern therefore 
making it possible to distinguish LBA4404 using this 
method (Figure 1). 

Identification of residual bacteria as LBA4404. 

All colonies isolated were round, smooth, convex, 
cream-beige in colour, ,-~ 2 mm in diameter, and 
identical to those produced by the original stocks 
of LBA4404. Following DNA isolation, the puta- 
tive Agrobacterium isolates from Brassica, Rubus, 
Solanum and LBA4404 (control) were probed with 



Table 2. Percentage contamination of putative Agrobacterium (LBA4404) in explants (30-50 in each 
case) of Brassica, Solanum and Rubus after 12 and 16 weeks on antibiotic media. Selection was only 
applied in Solanum. 

Explant Antibiotic Concentration Contamination Number Range 
mg 1- l % -4- SE of weeks cfu ml-  1 

Brassica Carbenicillin 500 46.0 4- 6 12 2.7 × 10 ! -46 × 106 
80.7 + 15.5 16 4.8 x 104 - 1.3 × 109 

Solanum Cefotaxime 500 35.5 -4- 13 12 6.1 × 102 - 1.9 × 109 
Kanamycin 250 35.0 4- 5 16 2.3 × 106 - 3.3 x 109 

Rubus Ticaracillin 125 97.5 4- 2.5 12 415 × 103 - 2.7 × 109 
90.4 4- 4.4 16 1.0 × 103 - 3.1 x 109 
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1 2 3 4 5 6 7  8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9  Molecular weight 
Kb 

3530 

2 027 
1 904 

1 568 
1 375 

3 9,17 
3 83! 

1564 

Figure 1. PCR of LBA4404 and wild strains of Agrobacterium using random primer 8. Lanes l and 2 indicate LBA4404; 3,4 - Ar2628; 5. 
6 - Ar2629; 7, 8 - Ar9404; 9 to 18 - Uncharacterised strains of Agrobacterium tume[aciens isolated from various parts of the UK; 19, 20 - 
EcoR l/HindIII molecular weight marker. 

p r i m e r  8. Al l  pa t t e rns  were  the  s ame  as those  for  

L B A 4 4 0 4  (F igu re  2), i nd ica t ing  that  the  res idua l  bac-  

te r ia  w e r e  L B A 4 4 0 4 .  The  same  resu l t  was  ob t a ined  

for  the  16 -week  s a m p l i n g  in exp lan t s  and  the 2 4 - w e e k  

s a m p l i n g  in shoots .  

Detection of  the binary vector 

T h e  p r e s e n c e  o f  the  b ina ry  vec to r  was  de tec ted  in cer- 

ta in  Agrobacterium an the r s  re - i so la ted  f r o m  all three  

p lan t  spec ies  (Brassica Solanum and Rubus), even  

w h e n  no  se lec t ive  pressure  was  appl ied .  A la rge  pro-  

po r t i on  ( 8 5 %  and  86%)  of  the  c o n t a m i n a t e d  exp lan t s  

o f  Brassica and  Rubus c o n t a i n e d  Agrobacterium cells  

w h i c h  still  h a r b o u r e d  the  b ina ry  vec to r  af ter  16 weeks  

in cul ture .  All  the c o n t a m i n a t e d  exp lan t s  o f  Solanum 
c o n t a i n e d  cells  wi th  the  b ina ry  vector ,  as k a n a m y c i n  

is i nco rpo ra t ed  into the cu l tu re  m e d i u m  d i rec t ly  a f te r  

t r ans fo rma t ion .  T h e  m e a n  n u m b e r  o f  c fu  g - 1  o f  

Agrobacterium i sola ted f rom these  exp l an t s  is g i v e n  

in Table  3. It can  be seen tha t  the  m e a n  n u m b e r  o f  cfu  

g -1  i so la ted  on  k a n a m y c i n  m e d i u m  is less t han  tha t  on  

L B  a lone  for  Brassica and  Rubus, i nd i ca t i ng  a loss  o f  

the  b ina ry  vector ,  bu t  is the  s a m e  for  Solanum, due  to 

se lec t ive  pressure .  

A s imi la r  resu l t  was  o b t a i n e d  for  the  shoo t s  sam-  

p led  at 16 weeks  and  24  weeks .  In this  case  h o w e v e r ,  

on ly  5 9 %  (16 weeks )  and  5 2 %  (24  weeks )  o f  the  con -  

t a m i n a t e d  t issue c o n t a i n e d  Agrobacterium cel ls  w h i c h  

h a r b o u r e d  the  vector.  T h e  m e a n  cfu  g -1  is g i v e n  in 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Molecular weight 
. . . . . . . . . . . . . . . . . . . . . . . . .  K b  

3¸530 

2 027 
1,904 

1 588 
I 375 

0 047 

0 831 

3 56.4 

Figure 2. PCR of LBA4404 and 15 bacterial samples isolated from Brassica, 12 weeks after transformation using primer 8. Lane 1 indicates 
LBA4404. 

Table 3. The mean number of cfu g -  1 of Agrobacterium which grew on LB and 
LB + Km, isolated from explants (30-50 in each case) of Brassica, Rubus, and 
Solanum, and shoots of Brassica. 

Time after Species Mean no, of cfu g -  l Mean no. of cfu g -  l 

transformation LB LB + KM 

Explants 

16 weeks Brassica 1.3 (3z 0.6) x 108 1.0(:k 0.8) x 107 

16 weeks Rubus 1.7 (4- 0,8) x 108 2.4 (Sz 0.6) x 107 

16 weeks Solanum 1.0 (::[: 0,3) x 109 1.1 (::[: 0.3) x 109 

Shoots 

16 weeks Brassica 1.6 (±  0.4) x 108 9,0 (±  5.0) × 106 

24 weeks Brassica 2.5 ( i  0.6) x 108 2,1 (4- 0.8) × 106 

Table 3. Again the lower number of cells on LB plus 
kanamycin is evident in comparison to that on LB with 
no antibiotics. 

Confirmation of the presence of the binary vector 

The growth of LBA4404 on kanamycin medium indi- 
cates the presence of the binary vector. This was con- 
firmed using primers for the NPTII and GUS genes, 
the results of which are seen in Figure 3. 

Minimum bactericidal concentration 

After incubation in broths, none of the tubes were tur- 
bid. However, once inoculated onto LB plates, growth 
was evident from broths with 50-600 mg 1-1 carbeni- 
cillin, 50-300 mg 1-1 ticaracillin, and 50-100 mg 1-1 
cefotaxime. The growth was considerably less than 
that of the controls, thus indicating some bactericidal 
effect. The final MBC results are indicated in Table 4. 
It can be seen that the MBC's for both carbenicillin and 
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GUS -~, 

NPTII-"- 

3 530 

2.027 
1 904 
1 5 6 8  

1 375 

0 947 
0 83t 

0 564 

Figure 3. PCR of LBA4404,  Brassica, Rubus and Solanum plasmid  DNA with specific primers for NVFII and GUS. 

Tab/e 4. The min imum bactericidal concentration of cefotaxime, 
carbenicill in and ficaracillin to Agrobacterium (LBA4404) on LB 
and transformation medium. 

Antibiotic Medium MBC 

mean mg 1 - ]  + S E  

Carbenicill in LB 733 -4- 33.3 

Carbenicill in ADVB 600 ::E 0.00 

Ticaracillin LB 400 + 0.00 

Ticaracillin ADVRL 366 + 33.3 

Cefotaxime LB 150 + 0.00 

Cefotaxime ADVP 150 + 0.00 

LB - Luria Bertani broth (bacteriological medium) 
ADVB - Brassica transformation medium 
ADVRL - Rubus leaf disc transformation medium 
AD VP -Solanum transformation medium 

ticaracillin are actually higher than the concentrations 
used in the transformation systems, where 500 mg 1-1 
and 125 mg 1-1 respectively are employed. The MBC 
for cefotaxime is 150 mg l - l ,  which is lower than the 
concentration in the transformation system. 

Discussion 

Transformation of plants withAgrobacterium works on 
the basis that bacteria are eliminated with antibiotics 
during the regeneration stage. Transgenic plants to be 
released should not contain residual Agrobacterium as 
the possibility of gene escape, via the bacteria, exists. A 

second problem also arises. Molecular probes are often 
used in determining the presence of the 'integrated' T- 
DNA in the plant genome and the presence of residual 
Agrobacteriurn harbouring the binary vector may give 
false positives. The results of this study, using three 
model transformation systems, indicate the difficulty 
in eliminating Agrobacteriurn from cultures following 
transformation. The concentrations of antibiotics used 
in the case of carbenicillin and cefotaxime were the 
highest of values (500 mg 1-1) evident in the liter- 
ature for transformation, yet they failed to eliminate 
contamination. In fact, the levels of Agrobacteriurn, in 
explants, increased and eventually became visible on 
the plates. Colony forming units of bacteria in shoots 
declined from 20 to 24 weeks, but still a considerable 
percentage (24%) of the shoot material was contami- 
nated. 

Examples only 250 mg 1-1 of carbenicillin (da 
Camara Machado, 1992; Sarria et al., 1994) and 200- 
300 mg 1 - l  of cefotaxime (Maheswaran et al., 1992; 
Jacq et al., 1993; Pugliesi et al., 1993; De Bondt et al., 
1994) are employed are commonly present in the liter- 
ature. Studies carried out by Martin et al., (1990) and 
Valles and Lasa (1994) indicated that Agrobacteriurn 
was still visible on plates with these concentrations of 
antibiotics. This shows the inadequacy of some exist- 
ing transformation systems. 

The determination of the MBC's proved to be 
a good indicator as to one reason for Agrobacteri- 
urn remaining present in the plant tissues, even after 
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6 months. The MBC's for both carbenicillin and 
ticaracillin are higher than the concentrations used in 
the transformation systems. It is evident from these 
results that levels of antibiotics higher than 500 mg 
1-l would be necessary to eliminate Agrobacterium, 
but then the problem of phytotoxicity arises, there- 
fore not enabling the use of higher concentrations. The 
antibiotics did prove to be bacteriostatic, therefore, 
containment of contamination in the explants or low- 
er regions of shoot material may be possible. This 
would explain why Agrobacterium levels in the shoots 
were considerably less than those in the explant mate- 
rial. With frequent transferral of material onto fresh 
antibiotic medium, removing the shoots as they emerge 
and then by only using the apical nodes, up to 75 % 
appeared to be 'clean'. Although it is not possible to be 
completely sure that very low levels of contamination 
will be detected by any method of sampling, it does 
give a good indication. 

The MBC for cefotaxime was lower than the con- 
centration used for transformation. However contam- 
ination still remained. Previous studies (Barrett and 
Cassells, 1994) indicated that cefotaxime was not light 
sensitive and was stable under normal tissue culture 
growth room conditions for up to 22 days. Since trans- 
formed material was placed onto fresh medium every 
10 days, stability of the antibiotic was not a problem. 
It has been recommended (Falkiner, pers. comm.; Bar- 
rett and Cassells, 1994) that at least 4 times the MBC 
of the antibiotic is incorporated into the tissue culture 
medium for successful bacterial elimination. This val- 
ue would be higher than the cefotaxime concentration 
used in the system, and could therefore explain the 
failure to eliminate Agrobacterium. The possible use 
of combinations of antibiotics may prove to be the bet- 
ter alternative (Horsch and King, 1983; Leifert et al., 
1991). 

A more important problem which has arisen as a 
result of these experiments is the retention of the bina- 
ry vector after 6 months without any selection pres- 
sure. Over half of the contaminated shoot material 
harboured Agrobacterium cells containing the binary 
vector, with, on average, 2.1 x 106 to 1.1 x 109 cfu 
g - l  of tissue. Here is where the possibility of gene 
escape arises. The presence of the disarmed Agrobac- 
terium in the tissue would not be a problem if the 
binary vector had been 'lost', but now its survival 
and spread are real possibilities. As far back as 1977, 
Kerr et al., and Genetello et al., showed that the Ti- 
plasmid could be easily conjugated to other Agrobac- 
terium strain. Mogilner et al., (1993) reported that a 

disarmed Agrobacterium containing a Ti-plasmid with 
a dimeric cDNA of Citrus exocortis viroid (CEVd) sur- 
vived and retained the plasmid after three months in 
agro-infected plants. Maintenance of the binary vec- 
tor long enough for the disarmed strain to come into 
contact with a wild strain of Agrobacterium could con- 
ceivably lead to gene escape to the wild strain. The 
only method of guaranteeing this does not occur is to 
ensure that no Agrobacterium is present in transgenic 
plants prior to their release. A second problem arising 
is one of false positives. The use of molecular meth- 
ods to indicate transformation by using primers for 
the NPTII and GUS genes (Millam, 1989; Hamill et 
al., 1990) relies on the absence of residual Agrobac- 
terium to give an accurate result. Molecular analysis 
of plants contaminated withAgrobacterium harbouring 
the binary vector may indicate that the plants have been 
transformed, while in actual fact the positive result is 
due to the presence of the vector and not the integrated 
T-DNA. Hamill et al. (1990) suggested the use of a 
primer to amplify an area on the Ti-plasmid outside 
the T-DNA in order to indicate the presence of con- 
taminating Agrobacterium. 

The fact that bacteria remain latent during tissue 
culture (Cassells, 1991; Leifert et al., 1991; B astaiens 
et al., 1983) stresses the need for sampling the tis- 
sue and not just examining at a visible level. Latency 
may occur as a result of low bacterial numbers or due 
to unfavourable environmental conditions (Hayward, 
1974). Many of the organisms inhabiting plant tissues 
are often inhibited by the components of the culture 
medium, such as high salt or sucrose concentration 
and pH (Cassells et al., 1988). This results in the mul- 
tiplication of the bacteria with the plant tissue without 
any evidence on the growth medium. This occurred in 
the shoot samples of Brassica in which no Agrobacteri- 
um was evident but up to 24% of the material was still 
contaminated. Sampling the material for bacteria, in 
this case Agrobacterium, will, in most cases, indicate 
contaminated material which then may be removed and 
thus prevent the possibility of gene escape occurring 
in this manner. 

Conclusions 

The results of all these experiments indicate the need 
for risk assessment studies. The problem of gene 
escape may arise as a result of transformation, through 
carryover of residual Agrobacterium within the plant 
tissue. However, the procedure of sampling during 
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the r egene ra t ion  p rocess  and r e m o v i n g  any con tami-  

na ted  mater ia l  at an early s tage  reduces  drast ical ly  the 

poss ib i l i ty  o f  gene  escape  occurr ing  f rom the d i sa rmed  

strain o f  A g r o b a c t e r i u m  used  for  t ransformat ion .  It also 

e l imina tes  the  poss ib i l i ty  of  g iv ing  ' fa l se  t r ansgen ics '  

us ing  mo lecu l a r  t echn iques  to indicate  the p re sence  o f  

m a rke r  genes  such  as NPTII  and G U S  genes .  
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