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Abstract 
Internode segments from aseptic shoot cultures are the most 

prolific explants for the regeneration of Brassica shoots in vitro. 
These explants also have the advantage of not being subject to 
the genotypic variations in regeneration response observed in 
hypocotyl and cotyledon explants. Despite reports of 80-100% 
shoot regeneration from stem explants, observed frequencies are 
typically 50-60%. Three media additives, proline, thioproline 
and methylglyoxal-bis-(guanylhydrazone) (MGBG), were tested 
for their efficacy in promoting shoot regeneration from stem 
explants of two B. napus varieties, Westar and Cobra. The 
effects of proline and thioproline on both varieties were neutral 
or deleterious. In Cobra the MGBG treatments caused a uniform 
reduction in explant regeneration. However, at low 
concentrations (0.35#M) MGBG resulted in a 50% increase, to 
92%, in regeneration from Westar. The potential of MGBG in 
promoting explant regeneration in B. napus is discussed in the 
light of its interaction with the explant genotype. 

Abbreviations: ABA, abscisic acid; BAP, benzylaminopurine; 
MGBG, methylglyoxal-bis-(guanylhydrazone); NAA, 
naphthalene acetic acid; thioproline, thiazolidine-4-carboxylic 
acid. 

Introduction 
Improved shoot regeneration from complex explants of 

B.napus is of interest principally because these systems are used 
in Agrobacterium-based transformation protocols. High shoot 
regeneration frequencies are necessary, both to increase the 
probability of selecting transformed shoots and because 
Agrobacterium treatment and antibiotic selection for transformed 
tissue reduces the regeneration frequency of treated explants. 
Shoots of B. napus have been regenerated from several explant 
types, cotyledons (Narasimhulu and Chopra 1988, Moloney et 
al. 1989), hypocotyls (Dietert et al. 1982, Radke et al. 1988), 
flowering internodes (Klimaszewska and Keller 1985) and stem 
sections (Kartha et al. 1974, Stringham 1977, Pua et al. 1987, 
Khehra and Mathias 1992). The responsiveness of the various 
explants is markedly different and covers a range from 23 % in 
hypocotyls (Radke et al. 1988) and 26% in cotyledons 
(Narasimhulu and Chopra 1988) to 80-100% in stem segments 
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(Weber et al. 1990, Pua et al. 1987). Despite reported 
regeneration of 80-100% from stem segments we routinely 
observe frequencies of 50-60%. Khehra and Mathias (1992) 
examined the relative contributions of explant source, genotype 
and growth regulator regime to shoot regeneration response in 
B. napus. Their study established that explant type was the 
dominant effect on regeneration, accounting for 44 %-95 % of the 
observed variation in response and that stem segments are much 
superior to hypocotyls or cotyledons as explants. Genotype also 
had a significant effect but the variation in response between 
varieties that was observed in hypocotyl and cotyledon explants, 
was much reduced when using stem internode explants. The 
same study found the effect of the growth regulator regime on 
regeneration was small. However, there are reports of increased 
regeneration from B. oleracea and B. rapa hypocotyl callus 
cultures when metabolic inhibitors (including ethylene 
antagonists and inhibitors of ethylene synthesis) are included in 
the media (Sethi etal. 1990b, Williams et al. 1990, Chi and Pua 
1989, Palmer 1992). Methylglyoxal-bis-(guanylhydrazone) 
(MGBG), an inhibitor of spermidine biosynthesis, was reported 
to increase regeneration frequencies from 7% to 63% (Sethi et 
al. 1990a). 

In tissue cultures of maize (Armstrong and Green 1985), 
alfalfa (Shetty and McKersie 1993) and orchard grass (Shetty 
and Asano 1991) proline enhanced the development of 
embryogenic ceils and callus and in explants of Cucumis melo 
increased regeneration frequencies, especially mukiple shoot 
formation (Shetty et al. 1992). To try to further improve the 
shoot regeneration frequency of B. napus stem internode 
explants we investigated the effect of MGBG, proline and its 
analog thioproline on regeneration response. 

Materials and Methods 
P l a n t  ma te r ia l  

The two B. napus varieties, one winter (Cobra) and one spring 
0hrestar) were provided by Dr AE Arthur, JI Centre, Norwich. 
Stem explants were prepared from 3-4 week old shoot tip 
cultures as described by Khehra and Mathias (1992). Five 
explants were plated per Petri dish and 10 replicate dishes were 
prepared for each treatment. 
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Culture conditions 
The explant culture medium was MS (Murashige and Skoog 

1962) medium with 30g/1 1 sucrose and 0.8g/l ~ agarose 
containing 1.8 /*M NAA + 17#M BAP. The media were 
autoclaved at 120~ for 20 rains. Growth regulators and other 
additives were filter sterilised and added to autoclaved medium 
immediately before pouring 25mi aliquots into 9cm Petri dishes. 
The germinating seedlings, shoot and explant cultures were 
incubated under a photoperiod of 16 hours at 25~ + I~ 

After 4 weeks in culture shoot regeneration was recorded, 
both as the total number of calli with shoots > lcm in length and 
as those explants producing one shoot and those producing 
multiple shoots. The explant regeneration data was analysed 
using a standard analysis of variance. A standard X 2 test was 
used to test the significance of changes in the ratio of single to 
multiple shoot regeneration events. 

Results and Discussion 
The effects of proline, thioproline and MGBG on shoot 

regeneration were tested on cultured stem segments from shoot 
tip cultures of two B. napus varieties, Cobra and Westar. The 
explants typically showed some swelling and callusing of the cut 
surfaces in the first week of culture and within 3 weeks 
regenerating shoots were seen. The effect of proline and 
thioproline on the regeneration of explants is presented in figure 
1 and table 1. The overall analysis of variance for this data 
demonstrated that treatment was the only significant effect 
(significant at the 0.1% level). The inhibitory effects of both 
proline and thioproline on shoot regeneration were significant 
and resulted in a reduction of between 2 and 5-fold in response. 
The only exception was the effect of 0.5mM thioproline on 
explants of Cobra where the treatment reduced regeneration but 
the effect was not significantly different from the control 
treatment at the 5 % level. There were no variety or variety x 
treatment interaction effects. Regeneration efficiency reflects 
both the total number of regenerating explants and the ratio 
between explants producing single and multiple shoots. In B. 
napus up to 80 % of regenerating stem explants produce multiple 
shoots (tables 1 and 2). The percentage of regenerating explants 
that produced one shoot, or more than one shoot, is given in 
table 1. 

In Westar only the 1.0mM thioproline treatment significantly 
reduced the number of explants with multiple shoots while the 
number of Cobra explants producing multiple shoots was 
significantly reduced by all the proline and thioproline 
treatments. This may partially reflect the control values in this 
experiment. Reference to the controls (for both genotypes) in 
tables 1 and 2 show that the ratio of single to multiple shoots in 
the Cobra control, in this experiment, was slightly abnormal. If 
this control resembled the others then the 10raM proline and 
0.5mM thioproline treatments would probably not be 
significantly different from the control. Nonetheless, the reduced 
multiple shoot formation on the higher concentrations of these 
chemicals would remain significantly different from the controls. 
In both varieties the total number of regenerating explants and 
the ratio of single to multiple shoots were either unaffected or 
adversely affected by proline and thioproline treatments. 
Thioproline, a proline analog that interferes with proline 
metabolism, was included in the cultures to test the effect of 
reduced proline metabolism on shoot regeneration. Its observed 
inhibitory effect was not unexpected on the basis of previous 
reports. However, the negative effect of proline was in contrast 
to the positive effects on regeneration and embryogenesis 
reported in cultures of several other species (Armstrong and 
Green 1985, Shetty and McKersie 1993, Shetty, and Asano 
1991). In tissue culture proline metabolism is affected by 
osmotic and salt stress (Pandey and Ganapathy 1985) and 
interacts with ABA in affecting culture responses (Duncan and 
Widholm 1987). The interaction with ABA and osmotic stress 
is interesting as both have been described as increasing 
embryogenesis and enhancing regeneration in culture (Sethi et al. 
1990a, Armstrong and Green 1985, Brown et al. 1989, Close 
and Ludeman 1987, Kavi Kishor and Reddy 1986a, Kavi Kishor 
and Reddy 1986b, Rengel 1986). Proline does appear to have a 
specific role in culture as other amino acids do not substitute for 
it (Armstrong and Green 1985, Shetty and Asano 1991). This 
role may be as a regulated source of precursors for both protein 
phosphorylation and ATP (Shetty and McKersie 1993, Shetty et 
al. 1992). The mechanism of proline action in culture is 
unknown but the inhibitory effects of both thioproline and 
proline demonstrate that proline metabolism does affect the 
differentiation/regeneration response in B. napus. 

Table 1. The effect of proline and thioproline treatment on regeneration of single and multiple shoots from stem explants ofB. napus 
cvs. Cobra and Westar. (X 2 values greater than 3.84 are significantly different from the control at the 5% level) 

Treatment 

Control 

10 mM Proline 

20 mM Proline 

0 . 5 ~  Thioproline 

1.0mM Thioproline 

Cobra 

% of explants with 1 or > 1 
shoots per callus 

1 > 1  

4 96 

15 85 

75 25 

29 71 

60 40 

X 2 

4.39 

52.51 

28.59 

Westar 

% of explants with 1 or 
> 1 shoots per callus 

1 > 1  

17 83 

20 80 

0 100 

25 75 

60 40 

X 2 

0.12 

1.00 

0.40 
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Table 2. The effect of MGBG on the regeneration of single and multiple shoots from stem explants of B. napus cvs. Cobra and 
Westar. (X 2 values greater than 3.84 are significantly different from the control at the 5% level) 

Cobra 

% of explants with 1 or > 1 
shoots per callus 

/zM MGBG 1 > 1 

0 (Control) 21 79 

0.35 20 80 

0.7 10 90 

1.4 10 90 

X 2 

0.01 

0.78 

0.78 

Westar 

% of explants with 1 or 
> 1 shoots per callus 

1 > 1  

19 81 

17 83 

15 85 

50 50 

X 2 

0.03 

0.18 

11.54 

MGBG effects on explant regeneration are presented in figure 
2 and table 2. The overall analysis of variance for the data 
demonstrated that variety and variety x treatment interactions 
were significant (at the 0.1% and 0.5 % levels respectively). The 
overall regeneration of Cobra explants was inhibited, by about 
one-third as compared to the control, by all the MGBG 
treatments. In contrast regeneration from Westar explants was 
increased by 50%, to 92%, in 0.35/~M MBGB and to 80% in 
the 0.73/zM treatment. The regeneration response in the 1.4/~M 
MGBG treatment was not significantly different from the 
control. The interaction of MGBG with variety is also apparent 
when considering its effect on multiple shoot formation (table 2). 
In Cobra the ratio of single to multiple shoots was not affected 
by MGBG. In Westar 0.35#M and 0.7/~M MGBG also had no 
effect but the 1.4/~M treatment significantly reduced the number 
of explants producing multiple shoots. MGBG blocks S- 
adenosylmethionine decarboxylase and specifically inhibits 
biosynthesis of spermidine (Slocum and Galston 1985). 

Figure 1: Percent of stem explants of Cobra [] and Westar �9 
regenerating shoots on proline and thioproline. 

As polyamines have been implicated in plant cell division and 
differentiationprocesses (Sethi et al. 1988, Fienberg et al. 1984) 
any interference in polyamine metabolism might be expected to 
affect the regeneration response in culture. In our experiments 
the effect of MGBG on the aUotetraploid B. napus was not so 
dramatic as that reported for hypocotyl callus of the parental 
diploid species B. oleracea (Sethi et al. 1988). This may, in 
part, reflect the much higher efficiency of our basal B. napus 
culture system which almost equals that of the MGBG enhanced 
B. oleracea hypocotyl callus, Also, as we found intervarietal 
differences in response it is to be expected that there will be 
genetically determined interspecific differences, as well as 
subtleties in the effect of the inhibitor on different explants. 
However, 0.35#M MGBG promoted the regeneration from 
Westar to almost 100%, with no negative effect on multiple 
shoot formation, by increasing the number of regenerating 
explants by 50 %. 

Figure 2: Percent of stem explants of Cobra [] and Westar �9 
regenerating on MGBG (0.35, 0.7 and 1.4/~M). 
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Stem internodes from shoot tip cultures are very responsive 
explants for regenerating shoots of B. napus and their use has 
the advantage that they are less affected by genotypic effects on 
culture response than other explants (Khehra and Mathias 1992). 
The experiments reported here, on attempts to increase 
regeneration frequencies from stem explants, have demonstrated 
that proline and thioproline do not improve, and indeed may 
have deleterious effects on, regeneration from stem internode 
explants. The effect of MGBG on shoot regeneration was 
genotype dependent. In the winter variety Cobra the overall 
explant regeneration was reduced at all concentrations of MGBG 
and at high concentrations multiple shoot formation was 
inhibited. However, in the spring variety Westar low 
concentrations of MGBG increased the number of regenerating 
explants, by 50%, to 92% of the total without an effect on 
multiple shoot production. As the beneficial effect of MGBG is 
genotype dependent it will not be suitable for all varieties of B. 
napus. However, where varieties respond positively to MGBG, 
major improvements in regeneration frequencies can be expected 
from its use. 
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