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What do you do when you are in dangerous/boring things?




Multiple manifestations of escape behavior
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Non-noxious stimuli
Stimuli — Avoidance/Escape

Nociceptive/Noxious stimuli

When does Drosophila escape?
How do they escape?



The peripheral sensory neurons and escape behavior of Drosophilalarvae

——Ma Mingze

Escape behavior induced by noxious heat and mechanical stimuli in

Drosophila larvae

——Ji Xiaoxiao

Integrated output of multiple sensory stimuli—taking avoidance from

predators as an example

——Chen Jie



PNS of Drosophilalarvae
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Multidendritic (md) neurons
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Class | md are related to motor coordination
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Class Il and Class Ill md perceive mild stimuli
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Multimodal sensor——C4 da
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The function of md neurons
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Escape behavior of Drosophilalarvae
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W. Dan Tracey

Gill Chair of Biology

Tracey's primary focus is to use the fly model to identify circuits and genes that

function in nociception. These studies lead to a greater understanding of pain

signaling. In addition, they are attempting to identify the molecules that are used in

neurosensory mechanotransduction, which underlies the human sense of touch.

- IARAERBNHRNZHABERITFAIVELEEE, FLAUL AEM =
BRI S B EAS R AN TR AR R T oA O s
45 s

Eﬁ?ﬁfi A

- RESRIFAT IR BN G LAY Bl 2

MAER:

- LISRSRER, RIS BMIE e ERIEE TR
EAUREEEXA.

EMEFR

TR EIREER
0571-88208850
zfgong@zju.edu.cn
http://mypage.zju.edu.cn/gonglab



A simple circuit of escape behavior
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Darkening in Drosophilalarvae
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Bolwig" s organ mediated tropotactic respond
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Bolwig" s organ mediated klinotactic respond
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Class IV md in addition to Bolwig" s organs contribute to photoavoidance
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Gr28b and TrpAT are required in light transduction in class IV neurons
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Mechanism of Drosophila larvae escape induced by light
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Summary |

« C4 da is the sensory of noxious stimuli.
« Drosophilalarvae exhibit multiple escape behaviors

« How Drosophilalarva judges the brightness of the environment?

Tropotactic& Klinotactic

BO&C4 da
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Escape behavior induced by noxious heat and
mechanical stimuli in Drosophila larvae
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painless, a Drosophila Gene |
Essential for Nociception )

W. Daniel Tracey, Jr.,"* Rachel I. Wilson,?
Gilles Laurent,? and Seymour Benzer'*
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Different painless isoforms for thermal and mechanical nociception
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Class IV multidendritic neurons are necessary for nocifensive behavior

md neurons
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Pickpocket (ppk) and balboa (bba/ppk26) are required for
mechanical nociception responses
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Molecular basis of thermal and mechanical nociception
In Drosophila larvae

Nociception Genes
modality

Noxious

heat stimuli painless, dTrpAl, subdued

Noxious
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Basin neurons are downstream neurons of ClasslV MD and Ch neurons
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Basins are functionally connected to command-like Goro neurons
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Electron microscopy reconstruction reveals multiple levels of

Brain ©

Nerve cord

Brain

Nerve cord
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C4da-mCSI-SNa pathway
Is parallel to the Basin-Goro pathway in the rolling behavior control
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A08n neurons are necessary and sufficient for nociceptive responses
downstream of C4da neurons
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DP-ilp7 neurons integrate multi-mechanosensory input and facilitate
nociceptive behavior through sNPF
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Mechanonociceptive circuit elements and sNPF-R function are not
required for C4da neuron-dependent thermonociception
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Schematic of neurons involved in generating nociceptive behavior
In Drosophila larvae
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Summary

Nociceptive behavior in Drosophila larvae

* Molecular basis
painless, dTrpAl, subdued are required for thermal nociceptive behavior.
painless, ppk, bba/ppk26, piezo are required for mechanical nociceptive behavior.

 Neural circult basis

Class IV multidendritic neurons (clVMD/C4da) are critical sensory neurons for thermal and
mechanical nociceptive behavior.

C4da-Basins-to-Goro pathways and C4da-mCSI-SNa pathway are parallel in the
nociceptive rolling behavior control.

C4da-A08n (DP-ilp7) pathway is required for mechanical not thermal nociceptive behavior.
DP-ilp7-dependent sNPF signaling facilitates C4da neuron synaptic output.



Integrated output of multiple sensory stimuli

—taking avoidance from predators as an example

Chen
2022.10.27



Basic algorithmic steps for escaping from threat
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Flexibility of Escape Execution in Different Species

Evans DA, et al. Trends Cogn Sci. 2019.



Drosophila and its larval parasitoids

Adult parasitoid
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Yang L, et al. Insect Sci. 2021.



Respond to sound of predators
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Respond to sound of predators
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Respond to attack of predators

> Curr Biol. 2007 Dec 18;17(24):2105-2116. doi: 10.1016/j.cub.2007.11.029. Epub 2007 Nov 29.

Nociceptive neurons protect Drosophila larvae from

parasitoid wasps

Richard Y Hwang # 1, Lixian Zhong # 2, Yifan Xu 3, Trevor Johnson ', Feng Zhang 4 3,
Karl Deisseroth 4 5, W Daniel Tracey 3 1 ©
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Respond to attack of predators
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Respond to attack of predatogs

A 1901 * Anterior (T1-A1)
i icepti 90 ® Medial (A2-A5)
o1 o
Gentle touch-like Nociceptive § i sl i
Locomotion Turning Writhing NEL S ;g 2o e
o " * %
€ 50 NS
S 40
€ 30
3
g 20
o 10
o ..l l ) )
E§ 88 2 2 i
2 g o a;’.o € = Z
o E o £ = =
w o @ Q = =
- |
Gentle touch-like Nociceptive B
100 -
90 -
_, 80
D 70
§ 60 -
7 220/ 50 -
-
= 8 40
o S 30
20 -
10 -
Heat
Shock

i

00.
90"
80
70
60
50
40/
301
20+
10/

Percentage cuticle damage

Locomotion
and Turning
Writhing
NEL

Sparse thermogenetic activation of NEL

ke
2hs

0 0 1 2 3 4 5101140 All

R T S T S SR

Number of neurons

Robertson JL, et al. PLoS One. 2013



) eLIFE Nociceptive interneurons control modular
& motor pathways to promote escape
behavior in Drosophila
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motor pathways to promote escape
behavior in Drosophila
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Nociceptive interneurons control modular
motor pathways to promote escape
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Neuropeptide and escape behavior

Soba, Prof. Dr. rer. nat.
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Neuropeptide and escape behavior

Modality-specific sensory integration and neuropeptide-

a; mediated feedback facilitate mechano-nociceptive behavior in
Drosophila
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Neuropeptide and escape behavior
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Modality-specific sensory integration and neuropeptide-
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Neuropeptide and escape behavior
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Drosophila
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Neuropeptide and escape behavior
Modality-specific sensory integration and neuropeptide-
mediated feedback facilitate mechano-nociceptive behavior in
Drosophila
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Neuropeptide and escape behavior

> Curr Biol. 2022 Jan 10;32(1):149-163.e8. doi: 10.1016/j.cub.2021.10.069. Epub 2021 Nov 18.

A neuropeptidergic circuit gates selective escape

behavior of Drosophila larvae
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Neuropeptide and escape behavior
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Neuropeptide and escape behavior
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Lgrd : the relaxin family receptor of llp7



Summary

1. The larval Cho neurons use TRP channels (NOMPC, NANCHUNG, and INACTIVE) to detect sound waves
and respond to the appearance of predators or other environmental cues at a distance.

2. The class IV neurons allow for a nociceptive behavioral response to a naturally occurring predator of
Drosophila.

3. Nociceptive interneurons (DnB neurons) control modular motor pathways to promote escape behavior in
Drosophila

4. Neuropeptide sNPF is required for noxious touch induced escape behavior.

5. llp7 involved in the avoidance of noxious light.



Take home messages

« Factors Causing Drosophila Larvae Escape
« The basis of C4 da mediated escape behavior

« Decision making of Drosophilalarvae at facing complex stimuli
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