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Introduction
- Phenotypic plasticity occurs when an alternating environment affects 

the phenotypic expression of an organism’s traits. This directly relates 
to reproductive success; therefore it is both evolutionarily and 

ecologically important1. 

- Plants are plastic for an assortment of ecologically important 

traits, including morphology, physiology, and developmental and 

reproductive timing. Understanding how particular plastic traits allow 

plants to adapt to their biotic environment can help identify the 

mechanisms underlying the evolutionary diversification of plants1.  

- This study focuses specifically on the evolution of plasticity in plant 

induced chemical responses to insect herbivory. Trypsin proteinase 

inhibitors (tryPIs) are a type of chemical found in the roots, leaves, 

and seeds of plants that can protect a plant from herbivory by 

inhibiting insect digestive enzymes. TryPIs have been found to  

accumulate in large amounts in leaf tissue following herbivore damage, 

suggesting that plants may be regulating tryPIs to make themselves 

less palatable and possibly lethal to attacking insects2.. 

- Plants are expected to evolve greater plasticity in PIs due to their anti-

herbivory effects. However, there can be several things affecting the 

evolution of tryPI expression, such as the amount of genetic 

variation and genetic correlations among defense traits.

Questions

Methods

1) Do plants increase tryPIs in response to herbivore damage?

2) Is there genetic variation in the production of tryPIs in their 

damaged and undamaged state?

3) Are there genetic correlations between the constitutive 

expression and the plasticity of tryPIs?

Results

Conclusions
- The plants had an induced response to insect herbivory most likely as a 

result of receiving the proper care while in the field. Plants have an 

energetic cost associated with an induced response so when proper 

soil nutrients are available, such as high nitrogen levels and low carbon 

levels, plants the correct nutrients to fuel their response3. 

- Results support that plant PIs could evolve as a plastic trait since there 

was significant genetic variation in tryPI expression in damaged and 

undamaged plants. However, the observed negative correlation 

between the constitutive level and plasticity in tryPIs could 

constrain the evolution of plasticity in tryPIs in environments where 

high constitutive expression is favored. This correlation may be due to an 

energetic cost associated with maintaining metabolic pathways so

constantly producing high concentrations of a PI could take away 

from the energy available to have a high induced response3. It is 

unknown which level of expression is more advantageous to plant and 

evolution has yet to select for one specific genotype. 

- This study focused exclusively on tryPIs when there are multiple PIs 

affecting different herbivores. Future studies 

include exploring other types of PIs to better 

comprehend how they are evolving or how 

varying PI activity changes throughout a plant’s 
lifetime. I will be continuing my studies on plant 

plasticity in the summer at the Boyce Thompson Institute of Cornell 

University.
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1) The plants increased their tryPIs after herbivore damage (p = 

0.0016). 

2) The plants had genetic variation for tryPIs in the damaged and 

undamaged states (p = 0.0016 & 3.3x10-16 respectively).

354 Solanum carolinense (Carolina horsenettle) plants of 15 

different genotypes (clonal lines) were raised from root cuttings at 

the FSU greenhouse, then transplanted to the field. Half of the 

plants of each genotype had 15% of their 

leaf area damaged with beetles and  

caterpillars. The other half served as 

controls and were not damaged. 48 hours 

after damage, the two youngest leaves 

were removed from each plant and placed 

on dry ice until transferred to a -80° freezer on campus. 

3) The constitutive and plastic expression of tryPIs were 

negatively correlated.
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Methods Cont.
The leaf samples were assayed following a protocol similar to 

Rodriguez-Saona et al. (2005). ANOVA and correlation tests in R were 

used to statistically analyze the data.


