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The rise of the mutant weed

Goal 1
Locate potential mutations  
for herbicide resistance

Goal 2
Identify the species of pigweed



Pre-lecture questions
• What is a weed?
• How are weeds controlled? 
• How might herbicide resistance happen?



The Ohio State University Extension
u.osu.edu/osuweeds/super-weeds/palmer-amaranth



weedscience.org/summary/moa.aspx?MOAID=12



Herbicide resistance is an increasing issue
Unrestrained weed growth would reduce crop yield by 50% across US and Canada
[The bill = $43 billion annually]



Amaranths (pigweeds)
• Prolific seed producer: 100,000s of seeds
• Dispersed by wildlife, flooding, farming equipment
• Fast growth rate (up to 4 inches per day)
• Up to 78% yield loss in soybeans
• Herbicide resistant



Hard to identify young pigweeds



Hard to identify young pigweeds
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Pigweed seeds



Increasing 
resistance in 
pigweeds to 
multiple classes  
of herbicides

Source: onlinelibrary.wiley.com/doi/
full/10.1002/ps.6048



Two types of  
herbicide resistance
1. Target-site mechanism (most common)
• Herbicide must bind to target to be effective
• Change in target reduces herbicide action

2. Non-target site mechanism
• Metabolic resistance
• Plant breaks down chemical before it  

reaches  its target



The rise of the mutant weed
A weed scientist has collected pigweed seeds from  
a sunflower processing factory and planted them in 
the greenhouse. After emergence, she sprayed them 
with PPO-inhibiting herbicide. After 10 days, she 
noticed several plants that were resistant. 

She sent a leaf sample to the diagnostic lab and 
received back the DNA sequences for the gene that 
codes for the protein that the herbicide targets.  
Your job is to identify the species of pigweed and find 
mutations that may provide herbicide resistance.



Aims of activity
Use the web-based program to:
• Upload fasta sequences for analysis
• Upload a library containing known sequences from various pigweed species
• Use MUSCLE, a bioinformatics tool, to align the unknown sequence with the library  

of known sequences to search for mutations
• Use PHYLIP, a bioinformatics tool, to make a simple phylogenetic tree to identify  

the pigweed species of the unknown sample.



Genetic basis for herbicide resistance within the PPX2L gene

Missing amino acid in mutant

Wildtype sequence
Mutant sequence

ΔG210



Protein target of PPO-inhibiting herbicides (PPO molecule)

Wildtype protein:  
Only space for the  
herbicide molecule

Mutant protein:  
Large gap rendering the 
herbicide less effective

structure = function


