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Summary   The commercial release of herbicide re-
sistant varieties of canola has raised the spectre that 
canola will become more ‘weedy’ in the future. One 
way of addressing this question is through determining 
if existing volunteer canola populations are the result 
of repeated spills or if they result from a build up of 
a seed bank created in situ. The answer could impact 
on management strategies put in place for controlling 
roadside canola populations in the southern regions of 
Australia. Pods and seed were collected from roadside 
canola populations, DNA was extracted and analysed 
using simple sequence repeat primers, PCR, followed 
by the separation of the PCR products on a polyacryla-
mide gel. The results indicated that larger populations 
were more likely to have several DNA profi les present, 
whereas smaller populations were more likely to con-
tain a single genotype. When we compared maternal 
(pod) DNA with the offspring (seed) the fi ngerprints 
were always identical. This suggests that outcrossing 
is rare in roadside canola populations, even when more 
than one variety is present in the population. This fi nd-
ing is consistent with published research that shows 
canola plants have a high level of selfi ng and restricted 
paternity shadows. Therefore, the spread of herbicide 
tolerance genes between canola plants along roadsides 
would be slow and provide plenty of opportunities for 
control to be undertaken. 
Keywords    Gene fl ow,  canola,  roadsides,  population 
persistence.

INTRODUCTION
The growing of canola in southern Australia has in-
creased dramatically since the early 1990s. The area 
sown to canola in Australia was less than 100,000 ha 
in 1990 and reached a maximum of 1.9 million ha in 
1999 (Norton 2003). Canola has small seeds that can 
be spilled during transport from farm to receivals. The 
increased sowing of canola has resulted in increased 
incidence of canola on roadsides. Canola has bright 
yellow fl owers and is therefore an easily seen part of 
the roadside fl ora. However, canola seeds have little 
dormancy (Gulden et al. 2003) and canola seedlings 
are poorly competitive, traits that mitigate against 
canola persisting in roadside vegetation. The grow-
ing of herbicide tolerant canola in fi elds has raised 
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concerns that herbicide tolerant canola along roadsides 
may be a source of genes that will move from roadside 
populations into fi elds. 

Many people assume that roadside canola plants 
have their origin in the current or previous years cul-
tivation. This idea is supported by studies in the UK 
where canola populations found on British motorways 
were considered more likely to be the result of recur-
ring colonisation (Crawley and Brown 1995). In con-
trast, Pessel et al. (2001) examined feral populations in 
France and found outdated varieties that had apparently 
persisted along roadsides for at least nine years. 

Much of the evidence about volunteer canola in 
natural or roadside populations has been obtained in 
a context that could not be extrapolated to a regional 
scale within Australia, particularly in regard to per-
sistence and gene fl ow. Volunteers are common on 
Australian roadsides, often in close association with 
crops and closely related weed species. Many out of 
fi eld populations are not routinely controlled and a 
level of outcrossing may occur by wind or insects. 

This study was undertaken to assess the genetic 
constitution of roadside canola populations in southern 
Australia. In particular, we were interested in determin-
ing whether roadside populations contained a single 
or multiple genotypes and whether any evidence for 
hybridisation between genotypes could be found in 
roadside canola populations.

MATERIALS AND METHODS
Canola seed pods were collected from roadside 
canola populations at several sites in South Australia 
and Victoria. At each site, mature pods were collected 
from individual plants and bagged separately. Seed 
pods from all individuals in the population were col-
lected up to a maximum of 30 plants. A number of 
commercial canola cultivars were provided by Trent 
Potter (South Australian Research and Development 
Institute), Struan, South Australia. The known cultivars 
were grown separately in pots containing potting mix 
in a glasshouse.

DNA was extracted from the known cultivars of 
canola using a modifi ed hexadecyltrimethylammonium 
bromide method. These DNA samples were used to 
screen inter-simple sequence repeat (ISSR) primers as 
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roadside population is also of interest to the questions 
raised about gene fl ow in persistent populations. To in-
vestigate this DNA extracted from the pod (maternal), 
a single seed (F1) and pooled seed (F1) were run with 
primer JB888 and compared. The results showed that 
the genotype of the seed was identical to that of the 
maternal tissue in the pod (Figure 1b). This suggests 
that outcrossing between plants in roadside popula-
tions is extremely rare.

Fingerprint analysis of DNA extracted from in-
dividual pods collected from seven different roadside 
populations was undertaken using the single ISSR 
primer JB888. In this study, populations contained a 
varying number of genotypes from one to fi ve (Table 
1). In general, small volunteer populations had a sin-
gle fi ngerprint and larger populations had multiple 
fi ngerprints (Table 1). No evidence of hybridisation 
was observed between fi ngerprints present within 
populations.

DISCUSSION
The fi ngerprints from the maternal DNA (pod) and 
the F1 (seed) were identical in all cases analysed. This 
suggests a high level of selfi ng for canola plants grow-
ing along roadsides. The results of the study of seven 

described in Charters et al. (1996). The primer pro-
ducing the most polymorphisms was used to analyse 
DNA extracted from seedlings, seeds or pods collected 
from various roadside volunteer populations growing 
in Victoria and South Australia. The PCR products 
were run on polyacrylamide gels (Cleangel 48S) and 
a Multifor II Flatbed system. Visualisation of bands 
was obtained by silver staining and bands were then 
scored as present or absent before the genotypes within 
each population were compared.

RESULTS
Primer JB888 was able to distinguish all the com-
mercial cultivars tested. This was by no means an ex-
haustive screen of all available cultivars, but provided 
confi dence that the system would be robust enough 
to begin examination of the material collected from 
roadside populations. Seedlings grown from the seeds 
of a single pod were analysed separately with ISSR 
primer JB888 to determine if all the seeds from a single 
pod were identical. In line with biological theory that 
pods arise from a single fertilisation event, the results 
indicated that all seeds from the same pod have the 
same genotype (Figure 1a). The issue of outcross-
ing between different cultivars growing in the same 

Figure 1.   PCR products produced by primer JB888 using DNA extracted from single seeds (Lanes 1 to 8) from 
the same pod (a). Two examples of PCR products produced by primer JB888 using DNA extracted from pods 
(M1 or M2), single seeds (S1 or S2) and pooled seeds (P1 or P2) from two different plants (b). 
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roadside populations show that the smaller populations 
had single fi ngerprints, whereas the larger populations 
had multiple fi ngerprints. There was no evidence of 
hybridisation within the current season because, 
where different fi ngerprints were present there were 
no clearly shared banding patterns. Thus, the presence 
of multiple fi ngerprints in the populations could only 
be explained by multiple spills of different cultivars 
within the same year or over successive years rather 
than being the result of hybridisation in situ. 

At this stage it is impossible to determine whether 
canola populations on roadsides are persisting or 
whether new seed spills are renewing them each year. 
The multiple genotypes present in some populations 
could easily come from multiple seed spills in a sin-
gle year, particularly as the larger populations tended 
to be on roads close to delivery points where many 
grain trucks would pass. There is strong evidence for 
high rates of self-fertilisation in the roadside canola 
populations, which would suggest that gene fl ow would 

be extremely limited unless plants were growing very 
closely together. Therefore, regardless of whether 
canola populations persist on roadsides, the potential 
for genes from volunteer roadside populations to be 
passed back into crops appears to be very low. 

It might be expected that if multiple genotypes 
of canola were to persist in a single locality for many 
years that some hybridisation would occur. In this study 
we were unable to detect any hybridisation in roadside 
populations, suggesting that the genotypes detected 
had not been present in the roadside population for 
long. Therefore, as has been found in the United King-
dom (Crawley and Brown 1995, Crawley et al. 2001), 
it is highly likely that roadside canola populations in 
southern Australia have low persistence.
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Table 1.   The number of different DNA fi ngerprints 
observed for seven canola populations collected from 
Victoria and South Australia roadsides, together with 
the number of individuals contributing to each fi nger-
print tested within each population.

Population N

DNA 
fi ngerprints 
(number)

Frequency of 
fi ngerprints in the 

population (%)

1 22 2 16, 5

2 7 2 6, 1

3 11 3 4, 4, 3

4 19 3 11, 5, 3

5 3 1 3

6 3 1 3

7 24 4 14, 5, 4, 1




