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Biotechnology has long been used as a tool in many areas of science to research genetic and 
molecular processes. Its use in weed science is continuously expanding as our knowledge of 
resistance mechanisms increases. Here we review three contributions these techniques are 
making to weed research focusing around 1. The genetic engineering (GE) of crop plants. 2. 
Improving our understanding of resistance mechanisms in weeds and 3. Looking at weed 
behavior and relating it back to the plant genome.  

The genetic engineering of crop plants has made a major impact in the variety of weed 
management programs that are available to growers. Many traits make attractive targets for 
GE crop varieties such as those with enriched nutrient production, insect resistance and 
abiotic stress tolerance. Of major impact to weed management was the introduction of 
herbicide tolerant GE varieties. These varieties have allowed growers to use previously 
unavailable herbicide chemistries in their cropping systems, use less toxic herbicides, and 
have reduced the cost of weed management through reduced pesticide use. Along with the 
ability to use different chemistries, these systems can also promote the dependence and 
repeated use of a single chemistry over long periods of time. This increased selection 
pressure on weed species contributes to the evolution of resistant weed populations.  

The ability of GE herbicide resistant varieties to be used in the long-term relies on the ability 
of growers to use different mode-of-action chemistries. Some such varieties in the pipeline 
for release include 2, 4-D and dicamba tolerant crops. Resistance to these chemistries can be 
achieved through metabolism of the herbicide in the cell, before it is able to cause 
detrimental effects in the plant.  

New products that focus on these included Dow Agrosciences Enlist ™ Weed control 
system. These products contain multiple genes allowing the GE plant to metabolize 2,4-D 
and will have resistance to 2,4-D, glyphosate and glufosinate (www.enlist.com). Monsanto 
have developed the product range Roundup Ready Plus Xtend System®. These products 
have been modified with a gene allowing the plant to metabolize dicamba and will have 
resistance to glyphosate, glufosinate and dicamba (www.roundupreadyplus.com).  

Biotechnology approaches are also being taken to investigate the evolution and spread of 
resistance in weed species. A current study is investigating glyphosate resistant junglerice 
(Echinochloa colona) in California. A survey of junglerice populations across the central 
valley showed that glyphosate resistance was present in multiple samples. These populations 
contained varying levels of resistance and sequencing revealed that multiple target site 
mutations were present. A high throughput approach will be used to investigate the genetic 
diversity of these populations with the aim to determine; if glyphosate target site (TS) 
resistance is moving from glyphosate resistant plants to susceptible plants in close proximity, 
if these TS mutations can converge in single individuals (gene stacking) and if this resistance 
can move into closely related Echinochloa species such as E. phyllopogon (Late water grass) 
and E. oryzoides (early water grass).  Detection of single nucleotide polymorphisms (SNPs) 
will be used to detect genetic differences between populations. Genetic diversity between 
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resistant populations within an orchard suggests that resistance has evolved independently 
multiple times; genetic similarity suggests a ‘founder effect’ where one plant has evolved 
resistance and seed has dispersed from this plant. Genetic diversity between populations 
across California suggests resistance may have evolved independently in response to 
selection pressure numerous times, however genetic similarity can suggest the movement of 
a resistant biotype via seed dispersion over large distances for eg. via irrigation channels, 
farm machinery contamination and seed contamination. This understanding can help to tailor 
management strategies that mitigate this spread. 

Next-generation technology is also being used in weed research. Recently Gaines, T.A. et al2 
used RNA-seq to identify genes involved in diclofop resistance in Lolium rigidum.  This 
technology provides a snapshot of gene expression levels in a plant at the time the tissue is 
harvested. In this study candidate genes were identified as those being differentially 
expressed in resistant and susceptible L.rigidum before and after treatment with diclofop. As 
a result of this work, Gains et. al. identified four candidates for major contributors to diclofop 
resistance.  

As biotechnology advances in all areas of science, and the cost of these large scale 
technologies reduces, the contribution to weed research will increase. These technologies 
allow new integrated approaches to investigate the evolution and spread of resistance weeds 
with the ultimate goal of providing better management strategies for weeds. 
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