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itlifgea " Adaptive significance of circadian gating

The Dodd lab at the John Innes Centre (UK) is honored to collaborate with the Kudoh
lab at the Center for Ecological Research to investigate the circadian regulation
of the responses of plants to their fluctuating environments. By combining field-
based transcriptomics with laboratory-based experiments under growth chamber
conditions, we are studying the role of circadian rhythms in the responses of plants to
environmental stimuli. This will provide fundamental insights into roles for circadian
regulation in environmental adaptation, which in future will help to understand effects

of climate change upon natural plant populations and agriculture.

A Entrainment

Light Inputs Outputs  Gircadian rhythms
Temperature ———» ———> of biochemistry
Photosynthesis and physiology
Circadian oscillator

B Circadian gating

Magnitude of response
to an identical stimulus

Subjective day | Subjective night |

0 12 24
Time under constant conditions (hours)

Fig. 1. (A) Fundamental properties of circadian rhythms (indicated in
bold); (B) Conceptualization of circadian gating.

The Earth rotates on its axis every 24 h, which causes regular
cycles in night and day. The day-night cycle leads to daily
fluctuations in a variety of features of the environment. These
daily fluctuations are thought to have driven the evolution
of circadian rhythms, because the daily cycle presents life
on Earth with a variety of challenges. Circadian rhythms are
biological cycles that have a period of about 24 h and are self-
sustaining. This means that the rhythms continue when the
organism is placed under constant environmental conditions.
Under cycles of day and night, circadian rhythms contribute
to the timing and co-ordination of physiology, metabolism and
behaviour (Fig. 1a). The Dodd lab at the John Innes Centre
studies aspects of plant cell signalling that are regulated by
circadian rhythms.

Plants are sessile, so cannot move to escape environmental
challenges. Further, plants depend upon light for
photosynthesis, and light is present with a regular 24 h cycle
in the environment. In plants, circadian rhythms are important
for optimum growth rates, photosynthesis, the seasonal
regulation of flowering, and the co-ordination of metabolism
and physiology. Circadian rhythms also regulate the responses
of plants to environmental cues. The circadian regulation of
responses of plants to environmental cues is the subject of
an on-going collaboration between my laboratory and the
laboratory of Prof. Hiroshi Kudoh at the Center for Ecological
Research of Kyoto University.

There is a well-documented phenomenon known as “circadian
gating”, whereby the cellular circadian clock regulates the
magnitude of the responses by plants to environmental cues
(Fig. 1b). For example, a light or temperature stimulus applied

Antony Dodd

John Innes Centre, Norwich, UK
Group Leader, Dept. Cell &
Developmental Biology
BB Y L FEYZE
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at various times of day will produce a different response,
depending upon the time of day of the stimulus. It is often
proposed that this ensures the responses of plants to their
environment are appropriate for the time of day, but this
idea is largely untested. We are investigating this question
at a transcriptomic scale through collaboration with the
Kudoh laboratory, which has identified and characterized
a series of field sites in Hyogo Prefecture that harbour
natural populations of Arabidopsis halleri plants. These are
an evergreen perennial brassica that is closely related to
the laboratory experimental model A. thaliana, providing
a straightforward and informative platform to study
transcriptomic responses of plants under naturally-fluctuating
conditions.

We are combining
field-based time-
series studies of
transcriptomic
responses to
temperature
manipulations (Fig.
2) across a variety
of seasons in order
to understand
the involvement
of circadian
regulation in
plant responses
to temperature
changes under

Fig. 2. Experimental manipulation of the
temperature of leaves of A. halleri to study
circadian regulation of transcriptomic
respones to temperature.

natural conditions.
This is being combined with growth chamber-based studies
conducted at the John Innes Centre to provide a framework to
interpret the field data.

I am extremely grateful to the Center for Ecological Research
for supporting this on-going collaborative project between
my laboratory and the laboratory of Prof. Hiroshi Kudoh. The
collaboration is stimulating and exciting, and we welcome the
collegiality and collaborative qualities of the CER. We look
forward to the continued success and productivity of our long-
term collaboration.
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The analysis of observed acoustic reception times at ranges greater than 5 km in the
North Basin in the autumn provides strong evidence for two distincy transmission paths,
respectively through the surface and deep water. Ray-tracing simulations provide further

support for this hypothesis.

"Development of Acoustic Tomography for Continuous
Monitoring of Cyanobacterial Blooms and Lake Currents.;

John C. Wells |

UREAY BISH X
SPEHENE |

The physical fields of “currents” and of temperature govern the
transport and fate of oxygen, nutrients, suspended solids, and
pollutants within a waterbody, but progress in physical limnology
has stagnated. Recently, “operational oceanography” promises
a game-changing source of information for both managers and
scientists. For example, over the past 20 years the “Great Lakes
Operational Forecast System” has simulated and forecast the
flow, wave, and temperature fields in the North American Great
Lakes in realtime, and this system has been extended to provide
probabilistic forecasts of cyanobacterial blooms in Lake Erie.
No such system has been developed for a lake in Japan (except
privately operated reservoirs), but we aim to develop one for
Lake Biwa. The current research aims to 1) develop “Coastal
Acoustic Tomography” to sense the large-scale flow for such
asystem.

Furthermore, this project aims to 2) explore the potential
of acoustic techniques to measure cyanobacterial (‘CB”)
concentrations. In contrast to recent research that has applied
reflection of vertically emitted sound to sense CB layers, we hope
to exploit refraction of horizontally emitted sound test, to detect
CB patches.

Related to 1), we have pursued simulations to analyze data that
was recorded in Nov. 2018 in collaboration with CER. The figure
shows, in a), how the arrival times of various acoustic “peaks”
varied over two weeks between two acoustic transducers (“ TR)
separated by 6.2 km. One observes two arrival groups, the “early
group” arriving at around 4.5s, and the “late group” around 4.6
s. The earlier group trends toward later arrival times over the
two weeks, while the later arrival groups experience negligible
change. During this season, the water above the thermocline
cools with the overlying air temperature. By contrast, the deep
water remains at nearly constant

fff 7% #H ik
John C. Wells - A (GLAEHAYAHT4H)
PR Gt R REA 22 > 2 —)
HHEN (RERZERZEBUEER TRRAATZERD
d=60m. The corresponding sound speeds in fresh water are
calculated to be 146804 m/s at d= 10m, and 1437.44 m/s at
d =60 m. For a non-common propagation distance of 6220 m
(excluding the 600m-wide “shelf” near T1), the arrival times are
computed respectively to be 4.5094 sec and 4.5999 sec. The
difference of 90 ms is shorter by only 6 ms when compared to
the difference of 96 ms, shown by a light blue arrow, between
the arrival time of the first peak in each group at that time. Next,
we estimate the change in arrival time between Nov 21 and 29
for sound passing only through surface water. The temperature
at d=10 was observed to cool to 14.6 at noon on Nov 29. By a
similar calculation, arrival time is computed to slow by 8.8 ms.
This value has been been plotted on the right side of a), and
is seen to correspond very closely to the observed change in
arrival time of the first peak. Furthermore, acoustic ray-tracing
simulations shown in b) and ¢) have identified two distinct sound
channels, respectively above and below the thermocline, and the
associated differences in simulated arrival times agreed fairly
well with the field data.

Related to 2), we sampled water during a CB bloom at Ogoto
Port in September 2019, and attempted to measure variations
in speed of ultrasound as a function of CB concentration under
controlled laboratory conditions. Disappointingly, we could
not discern any significant change in sound speed over a wide
range of concentrations. It is planned to pursue such laboratory
experiments with improved apparatus. If sufficient slowing of
sound with increased CB concentration were found, we could
hope to acoustically detect CB in the field as described above.

blue: fromT2to T1
red: from T1 to T2

°T1
S —
- > thermo-

»
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temperature. We hypothesize 4.62

that the first arrivals pass mostly 46

through the surface layer, which | 7, .,

has a faster sound speed due toits | & ios o

higher temperature. Conversely, & 8

sound in the later arrival group | =**[" * e
may be passing through the deep | 452 "‘;"‘;;‘:T‘ | e
water. To test this hypothesis, = il

we now focus on two time levels,
noon on Nov. 21 and 29. At
noon on Nov 21, temperatures
recorded at T2 were 16.4 C
at depth d= 10m, and 7.9 C at

peak”).
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17 18 19 20 21 22 23 24 25 26 27 28 29 30
Day of November 2018

Figure. Acoustic transmission from station T2 to T1, separated by 6.8 km horizontally, whose locations are shown
in the map in d) with the Ado River Delta at the western edge. a) Arrival times of various peaks in acoustic
intensity, as they evolved in Nov. 2018. b&c) plots of simulated acoustic rays from T2 to T1, based on temperature
and flow fields simulated by a hydrodynamic solver at 13:00 on Nov 29t 2018. ( b) for rays that formed the “first
peak”, which pass mostly above the thermocline indicated by the brown arrows; c) for rays that formed the “later
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Tsuji K, Fukami T (2020) Sexual dimorphism and species diversity:
from clades to sites. Trends in Ecology & Evolution 35: 105-114.
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Uno H, Stillman J (2020) Lifetime
eurythermy by seasonally matched
thermal performance of developmental
stages in an annual aquatic insect.
Oecologia 192:647-656 DOI: 10.1007/
$00442-020-04605-z
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