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Systematic modeling-driven experiments identify distinct
molecular clockworks underlying hierarchically organized
pacemaker neurons,
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In Drosophila, the hierarchically organized master and slave clock
neurons are widely believed to generate circadian rhythms via an
identical negative feedback loop. However, their different roles
in requlating those rhythms imply heterogeneity between their
feedback loops. Indeed, the mutation disrupts rhythms in the
master pacemaker, but not in the slave oscillator [1]. Here, we
develop ordinary differential equation model describing the
circadian clock in master and slave neurons. Using a global
optimization method [2], we find 10° parameter sets of the
models, and analyze them to identify key differences between
two neurons. The predicted differences are validated through /n
vivo experiments. Importantly, further /n s//ico analysis reveals
that, due to this heterogeneity, the master neuron, but not the
slave neuron, generates strong rhythms but also flexibly adjusts
rhythms upon environmental perturbation. This explains how the
circadian clock can have two contradictory properties, robustness
and flexibility.

=1

ave neurcn
":',"1 | cucw
m' CLK-A v = cytoplasm -4 .
x B o EEH \ iy Master neuron Slave neuron
o . -2 J 'g = o — CLK-W CLK-A
. = A=
LI - Qutput: 7 &
8 Sleep/Wake § hi /\ N
°"3 & 10 14 18 22 D D \_’
Input: CT 2 i
Light signal Slave neuron = \/
e A o . Master neuron
: o PER synthesis rate Slave Master _ o o
Sign: Y k) high b fhery, high  oUS 3sb
E v - @ — FERY - g P o
Master neuron N\ = ; = &D b R
12 4 n Slow Fast A= i
ERl o RNAa o - Bl s neion
@ | Clika - @& PER degradationrate Slave Master ho B )
@ 8- AL Xl - E V 2ol | & O@e Mmoo Mg
F L | — SRR . B % o Sy ___j"'l-'“
L I o ; ff ."_-.. g > Slow Fast @ {El:@ II_FEF'.:'I- L._F-E-E:_l 'l.__l‘_l_l::gt__l I.:__.":-_I_
T8 5 /) o =
E | \ [ i ...- _.-"'-.
- P ———————— [
2 6 10 14 18 22
CT




