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E[FpFsEa "TAdaptive significance of circadian gating

The Dodd lab (John Innes Centre, UK) is collaborating with the Kudoh lab (Center
for Ecological Research, Kyoto University) to investigate the integration of circadian
and environmental cues for the regulation gene expression programs in plants under
naturally-fluctuating conditions. We combine expertise in circadian regulation,
molecular phenology and quantitative analysis to gain new insights into the evolution

and responses to future climates of natural plant populations.

Antony Dodd

John Innes Centre, Norwich, UK
Group Leader, Dept. Cell & B
Developmental Biology
SPIEYD FEYE

Antony Dodd * Paige Panter « Pirita Paajanen « Luiza Lane de Barros

Dantas * Calum Graham « Stephanie Williams (John Innes Centre)
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Life on Earth experiences environments that have rhythms
occurring over a variety of different timescales. For example,
there are 24-hour changes in environmental conditions caused
by the rotation of the Earth on its axis, there are seasonal changes
in environmental conditions due to the solar orbit of the planet,
and there are lunar and tidal cycles that affect some organisms.
The selection pressures arising from these cyclical processes have
led to the evolution of cellular mechanisms that sense, measure
and control physiology in response to the rhythmic environment.
One mechanism that allows organisms to align their physiology,
metabolism and development with the 24-hour cycle of day and
night is the circadian clock. Circadian clocks occur across the
kingdoms of life, including plants, algae, cyanobacteria, mammals,
and insects, and circadian rhythms have also been identified
recently in non-photosynthetic bacteria. Circadian rhythms have
been investigated extensively under laboratory conditions, with
considerable insights into the molecular functioning of circadian
clocks obtained over the last 20 years. Importantly, we still
lack understanding of the functioning and fitness benefits of
circadian regulation in organisms inhabiting naturally fluctuating
environments.

This presents a major challenge to the field of chronobiology,
and within this context the Dodd lab at the John Innes Centre
is collaborating with the Kudoh lab at the Center for Ecological
Research to understand processes associated with circadian
regulation in natural plant populations. We have been
investigating a process known as circadian gating, which occurs
when the circadian clock restricts the time of responses to the
environment to certain times of day. This phenomenon is well-
known from laboratory experiments, but its properties and
regulation at a molecular scale, under field conditions, is poorly
understood. To investigate this question, we have selected a plant
that is a member of the Brassicaceae, Arabidopsis halleri, as an
experimental model. A. halleri provides an excellent convenient
system to investigate molecular aspects of circadian gating under
natural conditions, because the genome is closely-related to the
laboratory model A. thaliana, and it is an evergreen perennial,
allowing investigation of the interaction between seasonal control
and 24 h rhythms.

We conducted experiments involving application of time-
series of short environmental manipulations (cold temperature
treatments) to field-grown A. Aalleri plants, across the seasons
of the year, whilst monitoring transcriptomic responses (Fig. 1).
This has produced very large datasets that we are interpreting
using a combination of traditional quantitative approaches for

e

A TFigure 1. Application of short cold temperature treatments to
Arabidopsis halleri plants under field conditions.

(@) custom-made equipment for cold temperature treatment in
use; (b) mobile-device based monitoring of leaf temperature
conditions.

time-series analysis, and also machine learning approaches using
a TensorFlow-based pipeline. Through this approach, we have
identified extensive daily cycles of gating of the response to cold
of a natural plant population, demonstrating that temporal gating
of environmental responses occurs under natural conditions.
We are also obtaining new insights into the nature of gating as
a chronobiological process, with various types of gating being
identified through our machine learning analysis strategies (Fig. 2).

We are honored to continue our collaboration between the John
Innes Centre and the world-class Kudoh laboratory at the Center
for Ecological Research. We appreciate the funding support from
the Joint Usage program, which underpins this collaboration. This
cross-disciplinary collaboration is stimulating and rewarding, and
allowing us to make major breakthroughs in understanding the
responses of plants to their fluctuating environments.
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A Tigure 2. Conceptual illustration of types of gating of cold
temperature response detected in A. Aalleri plants growing under
naturally fluctuating conditions.
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