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We 1dentify a GPCR kinase involved in the decision-making process to keep tracking along a preferred
temperature with food experience. A similar mechanism may share with the reward system in the human
brain; therefore, it could serve as a potential medical target for psychiatric disorders.

How do animals select among various behavioral and environmental
alternatives based on behavioral goals and experiences? From a screen for mutants defective in
maintaining isothermal tracking behavior, we found mutants carrying null mutations in the G-protein
coupled receptor kinase gene failed to maintain isothermal tracks at the cultivation temperature.
grk-1 expresses broadly in the nervous systems, including the thermosensory neurons AFD, AWC, the
interneurons AlY, and RIA. However, simultaneously expressing grk-1 in AFD, AWC, AlY, and RIA was
insufficient to restore the isothermal tracking defect in the grk-1 null mutant. Subsequent analyses

identify a glutamatergic interneuron is partially involved in maintaining isothermal tracking

through grk-1 signaling. Our study provides genetic insights into the precise sensorimotor
computation of goal-driven behaviors in a dynamic environment.
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How do animals select among various behavioral and environmental alternatives and plan
sensory-motor coordination based on behavioral goals and experiences? In the quest to uncover
genetic and circuit regulation of the decision-making process in learning behaviors, we used a simple
decision-making model in an organism with both genome and connectome fully revealed: C.
elegans isothermal tracking behavior. On a temperature gradient under its physiological range, the
nematode C. elegans can track isothermally at the temperatures associated with their cultivation
experiences as a result of active coordination between sensory inputs and motor outputs. Previously,
we have identified key circuit neurons involved in the isothermal tracking behavior (Ikeda et al., 2020;
Mori & Ohshima, 1995). Part of the circuit neurons includes the thermosensory neurons AFD, AWC,
and the interneurons AIY and RIA. However, the genetic and circuit mechanisms of the decision-
making and sensorimotor computation to maintain isothermal tracking precisely at the

cultivation temperature remain unexplored.

2. WHEDOHK

This research aims to elucidate the genetic and circuit control of C. elegans isothermal tracking
behavior (IT behavior). Specifically, we focus on the decision-making and sensorimotor integration
processes required for executing IT behavior at the cultivation temperature instead of other behaviors
or temperatures on a given temperature gradient. To precisely keep tracking the cultivation
temperature on a temperature gradient, animals need to process the time series of concomitant thermal
stimuli while moving to accurately revise their tracking direction toward the right temperature with a
behavioral goal of searching for food. The genetic and neural computation behind the behavioral
regulation at the cultivation temperature is an elegant model of efficient information processing from
setting behavioral goals and making decisions to actions in a dynamic environment such as a

temperature gradient.

3. WOk
Analysis of isothermal tracking behavior

C. elegans isothermal tracking behavior represents a precise sensory-motor coordination of
animals as in tracking specifically at a preferred temperature with food association. To quantitatively
analyze the temporal transitions of animals’ behavioral strategies to initiate, maintain and terminate IT
behaviors, we employed a worm-tracking system, the Multi-Worm Tracker (MWT), to simultaneously
record and analyze a population of up to 150 worms freely navigating on a temperature gradient (Ikeda
et al., 2020 Swierczek et al., 2011). Under this setup, we define isothermal tracking as when animals

keep tracking along the same temperature (IT direction) for more than 20 seconds.
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Imaging of neural circuit dynamics Neural on T circults during [T

To understand circuit encoding of isothermal tracking behavior,
we express a FRET-based calcium indicator Yellow Cameleon in
specific neurons to analyze temperature-evoked neural activation under

different temperature programs. We express the calcium indicator

specifically in some of the key IT circuit neurons and analyze the neural

Calcium Imaging

activity in some mutants to get insight into how the mutations )
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contribute to the temperature-evoked circuit dynamics. [ [
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Mutants with defective IT behavior

4. WHIERCR
A GPCR kinase gene controls C. elegans isothermal tracking behavior

We selected candidate genes that might specify information-processing but not sensation or
locomotion based on the gene expression profile in the IT circuit neurons. Among the 28 candidate
mutants tested, we identified a null mutation in gene locus encoding a human GPCR kinase homolog

that contributes to the decision-making process involved in maintaining IT behavior.
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Expression analysis showed expression in major neural circuits of I'T behavior

Expressing a red fluorescent protein by a 3.8-kb promoter region upstream of the gene start codon,
we identified reporter expression in many neurons in the IT circuit. However, re-introducing the
GPCR-encoding DNA specifically in the thermosensory neurons AFD, AWC, and interneurons AIY
and RIA failed to restore the mutant defect in maintaining IT behavior, suggesting the involvement of

other neurons in the AFD-AWC-AIT-RIA circuit or the site-of-action lies in a different set of neurons.
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The GRK-1/GPCR kinase is required in glutamatergic neurons to maintain IT behaviors
Using a Cre-recombination system to knock down the GPCR kinase gene specifically in the
glutamatergic neurons phenocopied the GPCR kinase null mutant IT phenotype. This suggests that

GRK-1/GPCR kinase is required in the glutamatergic neurons to maintain IT behavior.
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Expressing GRK-1 in a glutamatergic neuron partially rescued the IT defect of the null mutant

To identify the site-of-action of grk-/ in maintaining IT behavior, we used a series of promoters
targeting different subsets of neurons and examined their behaviors under the Multi-worm Tracker.
We tested 20 different promoters in our initial rescue experiment and narrowed down the expression
in a glutamatergic interneuron RIM showed a partial rescue effect in promoting IT behavior. Our

mutant analysis identifies an uncharacterized regulatory role of RIM in maintaining C. elegans IT

behavior through grk-1 signaling.
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Neural activity of RIM showed comparable responses between the wild-type and grk-1 mutant

How may grk-1 affect temperature-evoked neural activity in the RIM interneuron? To address
this question, we recorded the calcium dynamics in RIM under different temperature programs. To
better capture the temperature dynamics during IT behavior, we stimulated the interneuron RIM with
a sinusoidal temperature program oscillating near the cultivation temperature (20°C). Under the
conditions tested, we did not find compelling differences in the evoked neural activation of RIM in

the wild type versus the grk-1 mutant. This result suggests that grk-/ may function downstream of the

calcium dynamics in the interneuron RIM to maintain IT behavior.
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