
MAX Mutant Screen Methods

Take 5 photos of 
stomata before 
exposure under 
microscope

Introduction
Pennycress is still currently considered a weed, but it is being developed as 
a crop by M. David Marks to be used in foods and biofuel industries in the 
Midwest. Pennycress is appropriate because its can be grown between the 
corn and soybean rotation (2). Therefore it will provide more farming 
output without taking up valuable farming land (1). Additionally, Dwarf 
varieties of Pennycress could be implemented similar to dwarf varieties of 
wheat during the green revolution. This will allow the use of nitrogen 
fertilizer on pennycress to increase the yield greatly. Dr. Marks has already 
isolated dwarf mutants of interest to be researched in this study. MAX 
(more auxiliary growth) mutants are observed to have dwarf phenotypes 
in a close relative of pennycress, Arabidopsis. Our dwarf mutants have a 
possibility of being MAX mutants.  MAX mutants also have slowed 
stomatal closure in response to the plant hormone ABA (3). This quality 
can be used to identify dwarf mutants with causal mutations in MAX genes
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Pennycress after 
about 1 month of 
growth

Pick leaf and 
perform 
Epidermal peel

Place peels in petri  
dish containing 
solution of a 5 uM or 0 
uM ABA buffer 
solution containing 
10mM KCl, 0.2mM 
CaCl2 2H2O, 10 mM 
mes-KOH, for 4 hours 
under white light

Take 5 photos of 
stomata after 
exposure under 
microscope

Use imageJ to 
analyze stomatal 
apertures (defined 
as area between 
guard cells that is a 
white gap and a 
black boarder). Use 
ANOVA for 
statistical testing

Results

Bar graph of average stomatal aperture resulting from the MAX 
mutant screen at 5 uM ABA. All lines except 38-1/38-2 trials and 96-
1/96-2 trials had significant p-values between the before and after 
treatment, indicating they are most likely not max mutants. The lines 
that did not have significant p-values were retested to confirm these 
results. 
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Bar graph of averge stomatal aperture resulting from the retest of 
specific lines at 5 uM ABA. All lines had expected results and 
significant p-values. The retest did not confirm above results and 
indicates some mishap may have caused them

*No potential MAX mutants were identified in the 
lines screened in this study*

Significance
Because none of the lines tested showed MAX mutant qualities 
involving stomatal aperture, causal mutations in MAX genes can be 
eliminated as a possibility. MAX mutants have some undesirable 
qualities, such as low tolerance to drought because of slow stomatal 
closure in response to ABA (3). So, it is actually a good thing that none 
of the tested dwarfs are MAX mutants.

Next Steps
To continue domesticating Pennycress and make it appealing to 
farmers, a few things must be accomplished:

1. Characterization of dwarf lines and confirmation that the dwarf 
phenotype is heritable

2. Identification of the causal mutation(s) in dwarf lines using  bulked 
segregant analysis

3. The most desirable dwarf line(s) will be bred with other mutants of 
interest to combine desirable qualities together in a single line

4. Research into how to best combine pennycress into current 
soybean/corn farming practices

5. Outreach to farmers to make pennycress known as a viable option 
for a cover crop

Once these are accomplished, Pennycress will be a viable option for 
farmers to use during the winter to expand their income.
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UROP’s Impact 
The UROP program gave me experience which I could apply to other parts 
of my career. I used my UROP proposal as a guide to help me write 
another proposal for the SURF fellowship. And I ended up earning the 
fellowship! UROP really helped me with my scientific thinking and 
planning and I think it is a great way to allow students to enter the 
research world without too much pressure. 

Thanks to the UROP program for funding for my project
Thanks to David Marks for being a great mentor
Thanks to all works in the Mark’s lab for helping with this research 
project
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