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Quantitative Variation in the Circadian Clock Affects Plant 
Performance
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Introduction
Due to the Earth’s rotation around its axis, 24-hour 
days with predictable light–dark and temperature cycles 
characterize most environments, resulting in various 
optimal times for biological processes over the course 
of a day. The circadian clock is thought to have evolved 
as a timekeeping system in response to cycling envi-
ronments in diverse organisms from bacteria to plants 
to mammals. Based on stimuli from the surrounding 
environment, the clock contributes to the regulation 
of various biological phenomena from gene expres-
sion to behavior and maintains 24-hour cycles in these 
traits. With intact clocks, these rhythms will persist in 
constant conditions, while disruptions of the circadian 
clock may lead to altered rhythms or even arrhythmia 
(the absence of rhythmic patterns). 

Despite the occurrence of circadian clocks in diverse 
organisms, little is known about how much circadian 
rhythms vary among individuals in field environments 
or about how circadian variation affects agronomically 
important traits.

Objectives
The overarching objective of this research is to quantify 
variation in the circadian rhythms in a Wyoming native 
plant species that is related to many mustard crops. The 
performance of wild species may identify opportunities 
for genetic improvement of related crops. Our specific 
goals were to: (1) quantify circadian rhythms in the 
Wyoming native plant Boechera stricta (common name 
Drummond’s rockcress); and (2) ascertain if circadian 
variation affects performance including growth, allo-
cation, and fruit set, which are all relevant targets of 
crop improvement. 

Materials and Methods
We used leaf movement as a means to estimate circadian 
rhythms (Figure 1). We also measured a range of growth, 
size, and allocation traits in plants collected from across 
an altitudinal gradient in Wyoming, including in the 
Medicine Bow Mountains and Laramie Mountains in 
southeast Wyoming. Among other analyses, we tested 
for correlations between circadian period (described in 
Figure 1) and growth and allocation traits. 

Results and Discussion
We found that differences among sites were compar-
atively small (less than one hour) in comparison to 
the diversity within each population (2.7–3.5 hours 
among families sampled within several hundred meters) 
(Figure 2). Notably, our within-population variation 
captured significant proportions of circadian period 
variation previously documented among plants sampled 
across much larger geographic areas; for example, the 
range of 3.5 hours within South Brush Creek (SBC) in 
the Medicine Bow Mountains accounted for 54% of the 
variation in period of leaf movement among 150 glob-
ally sampled populations of a commonly studied plant 
species, Arabidopsis thaliana (mouse-ear cress). We 
further observed that growth and relative root:shoot 
allocation were strongly associated with circadian period, 
suggesting that the clock may affect traits important 
to human crop production. These results were recently 
published in the journal Plant, Cell & Environment 
(http://onlinelibrary.wiley.com/doi/10.1111/pce.12670/
full). 
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Figure 1. Circadian rhythms are internal repeating rhythms 
with cycles close to 24 hours. The figure illustrates the 
circadian traits of period (duration of one cycle), phase (the 
timing of peak outputs such as maximal gene expression), 
and amplitude (the range of values achieved in a 24-hour 
cycle).

Figure 2. Diverse genetic lines (or 
families) from a Wyoming population 
of Boechera stricta at South Brush 
Creek (SBC) express a wide range 
of circadian periods. The x-axis 
of this figure shows individual 
genetic families, assigned numerical 
identifiers. The y-axis shows the 
duration of the circadian period. 


