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Summary   Since 1994 several populations of Lactuca 
serriola within the northern Yorke Peninsula of South 
Australia were recorded as resistant to ALS-inhibiting 
herbicides. Work by Lu (2005) has shown that these 
populations are closely related, but there is evidence 
of independent mutation events inducing resistance to 
the ALS-inhibiting herbicides. DNA extracted from 
seed collected across the area in 1999 was used to 
sequence a highly conserved coding region of the ALS 
gene that coded for a single amino acid modification 
within ALS. 

The results indicated four different mutations as-
sociated with resistance to ALS-inhibiting herbicides. 
Although the individual mutations tended to cluster 
on a geographic basis, there was evidence of more 
than one mutation in close association. These findings 
support the evidence reported by Lu (2005) that there 
have been multiple independent evolutionary events 
resulting in the selection of chlorsulfuron resistance 
in L. serriola in South Australia.

Keywords    Lactuca serriola,  herbicide resist-
ance,  evolution,  mutation site.

INTRODUCTION
Lactuca serriola L. is self compatible and self-polli-
nated with little evidence of interspecific hybridisation 
(Ferakova 1977, Mejias 1994). Seed production of 
this species is high, but varies according to growing 
conditions (Amor 1986). The seed are light, wind 
borne via a pappus, germinate readily, have no primary 
dormancy and a short lived seed bank (Marks and 
Prince 1981, Marks and Prince 1982, Alcocer-Ruthling 
et al. 1992a). 

Sulfonylurea-resistant L. serriola was first re-
ported from a continuous no-till winter wheat crop in 
1987 (Mallory-Smith et al. 1990). Preston et al. (2005) 
reported the evolution of resistance to ALS-inhibiting 
herbicides in 1994, with the number of sites and area 
increasing over time (Lu 2005).

Eberlein et al. (1997) investigated the mechanism 
of ALS-inhibiting herbicide resistance in a population 
of L. serriola from Idaho and identified the resistance 
to be due to a modification of ALS. The mutation 
conferring resistance to ALS-inhibiting herbicides in 

L. serriola in Idaho was determined to be a proline197 
residue changed to a histidine residue (Guttieri et al. 
1992). Preston et al. (2006) investigated the mecha-
nism of resistance to ALS-inhibiting herbicides in 
two South Australian L. serriola populations and 
determined the mechanism in these populations was 
also due to a modification of ALS. In these two cases 
the change was from proline197 to threonine.

The potential for the rapid spread of L. serriola 
is high, given the seed is spread by wind. Thus, the 
potential for L. serriola resistant to ALS-inhibiting 
herbicides to spread also is high. However, in areas 
where reliance on the use of sulfonylurea herbicides is 
extensive, there is also the possibility that independent 
mutation events can, and will, occur. 

The use of ISSR markers to determine the relation-
ships within and among populations of L. serriola has 
indicated that within a relatively small geographical 
area several mutations conferring resistance to ALS-
inhibiting herbicides have occurred in L. serriola (Yu 
2005). DNA from samples collected during the 1999 
survey reported by Yu (2005) was used to examine 
the mutation site in the conserved region of Domain 
A of the ALS gene (Guttieri et al. 1992) to verify if 
the same substitution has occurred among all popula-
tions surveyed or if more than one mutation conferring 
herbicide resistance was present. This data, in com-
bination with the pattern of resistance demonstrated 
in the area might elucidate the evolution of resist-
ance in the upper Yorke Peninsula of South Austra-
lia. 

MATERIALS AND METHODS
DNA extracted from seed collected from L. serriola 
in 1999 (unpublished survey) was used to amplify a 
highly conserved region that included proline197 in the 
ALS gene. The seed came from a region approximately 
60 × 60 km centred on Bute, South Australia and was 
tested for resistance to sulfonylurea herbicides (Rieger 
et al., unpublished data). Primers and conditions used 
for amplification of the conserved region were as de-
scribed by Stone (1997) and the agarose gels included 
a 100 bp standard to size the PCR products visualised 
using ethidium bromide. 
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A 250 bp PCR product was excised and cleaned 
using Wizard cleanup kits (Promega). The product was 
quantified using a Nanodrop system before being dried 
down on a Speedy-Vac system and made up to 300 ng 
DNA µL-1. Sequencing was undertaken by Biomolecu-
lar Research Facility, University of Newcastle before 
the sequences were aligned using Dnaman (5.2.9 
Lynnon Biosoft) against sequences for resistant and 
susceptible L. serriola reported by Stone (1997). The 
geographical position for each mutation was plotted 
using Mapsource (5.4 Garmin Software). 

RESULTS
Four distinct mutations were identified at the pro197 
site previously identified by Guttieri et al. (1992) 
(Table 1). These included the pro197 to thr and pro197 to 
his mutations already reported in the literature for L. 
serriola (Guttieri et al. 1992, Preston et al. 2006). Two 
additional mutations were identified. These were pro197 
to ser and pro197 to leu. Two samples were reported as 
being resistant to sulfonylurea herbicides, but showed 
no pro197 substitution. It is known that an additional 
mutations in other conserved regions of the ALS gene 
that confer resistance to ALS-inhibiting herbicides 
(Tranel and Wright 2002). It is assumed that these two 
samples contain mutations elsewhere in the ALS gene, 
but these have not yet been examined. 

There was some evidence that distinct mutations 
clustered on a geographical basis, but at least three mu-
tations conferring herbicide resistance occurred within 
a 5 km radius (Figure 1). These findings confirm the 
hypothesis presented by Lu (2005) that resistance to 
ALS-inhibiting herbicides in the area surrounding 
Bute, South Australia has both evolved independently 
under selection pressure and been distributed by wind 
borne seed.

DISCUSSION
Resistance to ALS-inhibiting herbicides in weed 
species presents an ongoing challenge to resistance 
management. This is particularly evident because 
ALS-inhibiting herbicides are among the most 
widely used and efficacious herbicides in the world. 
The pattern of herbicide use by farmers and growers 
are significant factors in the evolution of herbicide 
resistance (Gressel 1982), yet farmers face the issue 
of reduced options for control if a herbicide becomes 
ineffective on the spectra of weed species present in 
their system. 

Despite the ability of L. serriola to move via seed 
dispersal, the large number of independent mutations 
in herbicide resistant L. serriola detected here indi-
cates rapid selection of resistance through the use of 
herbicides. Thus, the management of resistance in the 

area will require farmers to be aware and willing to 
include alternative control methods for resistant weeds. 
Such practices include other herbicides, herbicide 
mixtures or non-chemical weed control practices. 
This is particularly important given that Lu (2005) 
reports the rapid dispersal of seed over relatively large 
distances. Such dispersal would be predominantly by 
wind movement accompanied by opportunistic tran-
sient seasonal colonisation as seedlings and rosettes 
are easily controlled by cultivation and are not usually 
found in cultivated fields. There is little that be done 
to prevent the introduction of resistant seed blown by 
the wind, but rotation of herbicides and crops is recom-
mended to prevent the evolution and establishment of 
resistant biotypes, particularly when minimum or no 
till practices are followed. 

Roadsides provide an ideal environment for 
transient populations of L. serriola and are also sites 
where management practices may be limited to slash-
ing, grading or the use of herbicides. L. serriola will 
send up new shoots after slashing and, in some cases, 
after grading has occurred. This places a heavy reli-
ance on the use of herbicides as a control option along 

Figure 1.   Area surrounding Bute, South Australia, 
showing spatial distribution of the mutations found 
in L. serriola at the CCC (pro197) site of Domain A 
of the ALS gene.

Table 1.   Substitutions recorded at the pro197 (CCC) 
site in Domain A of the ALS gene. 

Nucleotide sequence Substitution

ACC thr

CAC his

TCC ser

CTC leu

CTC
ACC
CAC
CCC
TCT
Unknown

10 km
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roadsides and will require councils to be alert to the 
need to rotate herbicides or use effective herbicide 
mixtures.

ACKNOWLEDGMENTS
Dr Mary Rieger, Dr Peter Crisp, Sally Garvie, and Bra-
dley Mack who conducted the 1999 survey, assessed 
chlorsulfuron resistance in these plants and provided 
the DNA samples.

REFERENCES
Alcocer-Ruthling, M., Thill, D.C. and Mallory-

Smith, C.A. (1992). Monitoring the occurrence 
of sulfonylurea-resistant prickly lettuce (Lactuca 
serriola). Weed Technology 6, 858-64.

Amor, R.L. (1986). Incidence and growth of growth 
of prickly lettuce (Lactuca serriola L.) in dryland 
crops in the Victorian Wimmera. Plant Protection 
Quarterly 1, 148-51.

Eberlein, C.V., Guttieri, M.J., Mallory-Smith, C.A., 
Thill, D.C. and Baerg, R.J. (1997). Altered acetol-
actate synthase activity in ALS-inhibitor resistant 
prickly lettuce (Lactuca serriola). Weed Science 
45, 212-17.

Ferakova, V. (1977). ‘The genus Lactuca L. in Europe’. 
(Iniverzita Komenskeho, Bratislava, Czechoslo-
vakia).

Gressel, J. (1982). Interrelating factors controlling the 
rate of appearance of resistance: the outlook for 
the future? In ‘Herbicide resistance in plants’, eds 
H.M. LeBaron and J. Gressel, pp. 325-47. (Wiley, 
New York).

Guttieri, M.J., Eberlein, C.V., Mallory-Smith, C.A., 
Thill, D.C. and Hoffman, D.L. (1992). DNA 

sequence variation in domain A of the acetol-
actate synthase genes of herbicide-resistant and 
-susceptible weed biotypes. Weed Science 40, 
670-6.

Lu, Y-Q. (2005). The spread of herbicide resistance in 
Lactuca serriola at a landscape scale. MSc thesis, 
Discipline of Plant and Pest Science, University 
of Adelaide.

Mallory-Smith, C.A., Thill, D. and Dial, M.J. (1990). 
Inheritance of sulfonylurea herbicide resistance in 
Lactuca spp. Weed Technology 4, 787-90.

Marks, M. and Prince, S. (1981). Influence of germina-
tion date on survival and fecundity in wild lettuce 
(Lactuca serriola). Oikos 36, 326-30.

Marks, M. and Prince, S. (1982). Seed physiology 
and seasonal emergence of wild lettuce (Lactuca 
serriola). Oikos 38, 242-9.

Mejias, J.A. (1994). Self fertility and associated 
flower head traits in the Iberian taxa of Lactuca 
and related genera (Asteraceae: Lactuceae). Plant 
Systematics and Evolution 191, 147-60.

Preston, C., Stone, L.M., Rieger, M.A. and Baker, J. 
(2005). Multiple effects of naturally-occurring 
proline to threonine substitution within acetolac-
tate synthase in two herbicide-resistant populations 
of Lactuca serriola. Pesticide Biochemistry and 
Physiology 84, 227-35.

Stone, L.M. (1997). Resistance to acetolactate syn-
thase-inhibiting herbicides in Lactuca serriola L. 
Honours thesis, Department of Crop Protection, 
University of Adelaide.

Tranel, P.J. and Wright, T.R. (2002). Resistance of 
weeds to ALS-inhibiting herbicides: what have 
we learned? Weed Science 50, 700-71.




