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



danger safe

Multiple manifestations of escape behavior



Nociceptive/Noxious stimuli 

Stimuli

Non-noxious stimuli

Avoidance/Escape

When does Drosophila escape?

How do they escape?



The peripheral sensory neurons and escape behavior of Drosophila larvae

——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



peripheral sensory neurons
(below the barrier epidermis)

type II: multidendritic (md) neurons

type I

PNS of Drosophila larvae

Berni J, et al., Undergrad Neurosci Educ, 2010
Gowda SBM, et al., Biology (Basel),  2021 



Multidendritic (md) neurons



Li E.Cheng, et al., Neuron, 2010 

Class I md are related to motor coordination



I II III

Lei Liu, et al., Nat Neurosci, 2003 

Asako Tsubouchi, et al., Current Biology, 2012 

Class II and Class III md perceive mild stimuli



(C4 da)

Multimodal sensor——C4 da

Richard Y. et al., Current Biology, 2007 Xiang, Y., et al., Nature, 2010



Class I Class II

Class III Class IV

Proprioception/Somatosensory(nompC) 
(Li E.Cheng, et al., Neuron, 2010)

Light-touch(nompC)(Yan, Z., et al., Nature, 2013) 

Cooling (Lei Liu, et al., Nat Neurosci, 2003)

Warming (Lei Liu, et al., Nat Neurosci, 2003)

Light-touch(Asako Tsubouchi, et al., Current Biology, 2012)

Cooling (Lei Liu, et al., Nat Neurosci, 2003)

Warming(Lei Liu, et al., Nat Neurosci, 2003)

Cold nociception

Heat nociception(TrpA1、painless、pyrexia、
Subdued) (Zhong et al., Cell Reports, 2012 ; Jang et al., J Biol Chem, 2015)

Low wavelength light(TrpA1、GR28b)
(Xiang, Y., et al., Nature, 2010)

Harsh mechanical stimuli(ppk、ppk26、
painless、 piezo) (Kim, S. E., et al., Nature, 2012)

The function of md neurons



Escape behavior of Drosophila larvae
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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.

• 研究决定果蝇幼虫的各种本能偏好的神经回路，并以此为基础

揭示感觉信息在神经回路中的加工模式以及抉择行为的核心神

经机制

• 果蝇光偏好行为的发育形成及后期变化的神经基础

• 以果蝇幼虫为模型，研究视觉感觉信息和运动动作的神经元表

征方式及其相互关系。



A simple circuit of escape behavior

Yoshino J, et al., Curr Biol., 2017 



Darkening in Drosophila larvae

Light

Sound

Temperature

HumidityResources

Menace 
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Bolwig’s organ mediated klinotactic respond 

Humberg, TH., et al., Nat Commun., 2018



Class IV md in addition to Bolwig’s organs contribute to photoavoidance
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Xiang, Y., et al., Nature, 2010



MiET1: Dmel\Mi{ET1}Gr28bMB03888

PBac: Dmel\PBac{PB}Gr28bc01884

X C4 da X C4 da&BO

Gr28b and TrpA1 are required in light transduction in class IV neurons 

Xiang, Y., et al., Nature, 2010



Photoavoidance

Mechanism of Drosophila larvae escape induced by light



Summary I

• C4 da is the sensory of noxious stimuli.

• Drosophila larvae exhibit multiple escape behaviors

• How Drosophila larva 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

JXX



• Molecular basis

• Neural circuit basis



>39℃

touch

normal

Painless encodes a non-selective 
cation channel in the TRPA family.

pain-GAL4>UAS-GFP 

44℃

Painless mutant

Light touch(10 mN):not effected
Harsh touch (45 mN): decreased

Painless is required for the detection of noxious heat and mechanical stimuli

multidendritic (md)

neurons



Different painless isoforms for thermal and mechanical nociception

Mechanical 

nociception 

Thermal
nociception Hwang et al.,Plos one, 2012



pain-GAL4>UAS-GFP 

Tracey et al., Cell, 2003 

md neurons

Hwang et al., Curr Biol, 2007

Class IV multidendritic neurons are necessary for nocifensive behavior



dTrpA1 and subdued are required for thermal nociception

Zhong et al., Cell Reports, 2012

Neely et al., Plos one, 2011

46℃

Jang et al., J Biol Chem, 2015

subdued encodes a chloride 

ion channel belonging to the 

TMEM16 family.

Transient receptor 

potential cation 

channel A1 (TrpA1) 

encodes a cation 

channel activated 

by warming.



Pickpocket (ppk) and balboa (bba/ppk26) are required for 
mechanical nociception responses

Mechanical

stimuli

ppk-GAL4;
UASmCD8::GFP

Thermal

stimuli

Zhong et al., Curr Biol, 2010

30 mN

ppk26-GAL4 > 

UAS-mCD8::GFP 

Class IV 

Balboa::GFP

Class IV 

Venus::PPK 

Balboa::GFP Venus::PPK 

ppk-GAL4>

UAS-balboa::GFP 

ppk-GAL4>

UAS-ppk-RNAi;

UAS-balboa::GFP 

ppk-GAL4>

UAS-Venus::PPK 

ppk-GAL4>

UAS-Venus::PPK;

UAS-balboa-RNAi  

ppk and ppk26 belong to 

the degenerin/epithelial 

sodium channel

(DEG/ENaC) family.

Mauthner et al., Curr Biol, 2014 



piezo and ppk function in parallel pathways in mechanical nociception

ppk–EGFP
Dmpiezo>DsRed

Patch-clamp recordings of 

isolated ppk neurons

Piezo proteins are an evolutionarily conserved ion channel 

family involved in mechanotransduction. Kim et al., Nature, 2012 



Molecular basis of thermal and mechanical nociception
in Drosophila larvae

Nociception

modality
Genes

Noxious

heat stimuli
painless, dTrpA1, subdued

Noxious

mechanical stimuli
painless, ppk, bba/ppk26, piezo



Basin neurons are downstream neurons of ClassIV MD and Ch neurons

Ohyama et al., Nature, 2015 



Basins are functionally connected to command-like Goro neurons

Basin-1 Basin-4

a pair of
thoracic neurons

Ohyama et al., Nature, 2015 



Electron microscopy reconstruction reveals multiple levels of 
multimodal convergence within Basins-to-Goro pathways

Ohyama et al., Nature, 2015 



C4da-mCSI-SNa pathway
is parallel to the Basin-Goro pathway in the rolling behavior control 

class IV dendrite arborization (C4da)

SNa motor neurons 
in the abdominal segments 

are essential for self-
righting rolling behavior

C4 da second-order interneurons (mCSIs) 

mCSI

C4da

SNa

？

Rolling

Basins

Goro

？

Yoshino et al., Curr Biol, 2017



A08n neurons are necessary and sufficient for nociceptive responses 
downstream of C4da neurons 

C4da 

to A08n

C4da 

to Dp-ilp7

C2da

to Dp-ilp7

C4da

activation

C4da and ilp7 

neurons both 

act upstream 

of A08n

neurons

Hu et al., Nat Neurosci, 2017

recGFP

recGFP recGFP



DP-ilp7 neurons integrate multi-mechanosensory input and facilitate 
nociceptive behavior through sNPF

C2&3da

C4da

A08n

ilp7

？

Nociceptive

behavior

Hu et al., Nat Neurosci, 2017



Mechanonociceptive circuit elements and sNPF-R function are not 
required for C4da neuron-dependent thermonociception

ilp7

Hu et al., Nat Neurosci, 2017

C2/3da C4da ilp7



Schematic of neurons involved in generating nociceptive behavior
in Drosophila larvae 

Chin and Tracey, Curr Biol, 2017



Summary

Nociceptive behavior in Drosophila larvae
• Molecular basis
painless, dTrpA1, subdued are required for thermal nociceptive behavior. 

painless, ppk, bba/ppk26, piezo are required for mechanical nociceptive behavior.

• Neural circuit basis
Class IV multidendritic neurons (cIVMD/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. 



Chen 
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Integrated output of multiple sensory stimuli

—taking avoidance from predators as an example



Basic algorithmic steps for escaping from threat 

Branco T, et al. Annu Rev Neurosci. 2020.



Flexibility of Escape Execution in Different Species 

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



Drosophila and its larval parasitoids 

Yang L, et al. Insect Sci. 2021.



Respond to sound of predators

Zhang W,et al. Proc Natl Acad Sci U S A. 2013Drosophila Larvae Are Capable of Sensing Sound

Cho neurons respond to sound



Sound response mediated by the TRP 

channels NOMPC, NANCHUNG, and 

INACTIVE in chordotonal organs 

Respond to sound of predators



Hwang RY, et al. Curr Biol. 2007.

Respond to attack of predators



Hwang RY, et al. Curr Biol. 2007.

Respond to attack of predators



Robertson JL, et al. PLoS One. 2013

Respond to attack of predators



Burgos A,et al. Elife. 2018.

Identification of interneurons that 

promote nociceptive behavior 



DnB neurons function downstream of cIV neurons 



Connectome of sensory and 

interneuron inputs to DnB neurons. 

Connectome of DnB to premotor and 

nociceptive interneuron outputs. 





Neuropeptide and escape behavior

Research Interests：
• Molecular mechanisms of dendrite 

patterning

• Maintenance of circuit integrity and 

synaptic specificity

• Neuromodulatory control of behavior



Neuropeptide and escape behavior

A08n neurons receive synaptic input from C4da neurons 



Neuropeptide and escape behavior

DP-ilp7 neurons receive direct sensory input

from C2da and C4da neurons (at least). 



Neuropeptide and escape behavior

sNPF localizes to DP-ilp7 dendrites and is 

required for nociceptive behavior



Neuropeptide and escape behavior



Imambocus BN, et al. Curr Biol. 2022.

Neuropeptide and escape behavior



Neuropeptide and escape behavior

v’td2 neurons Dp7 neurons



Neuropeptide and escape behavior

Lgr4 : the relaxin family receptor of Ilp7



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. Ilp7 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 Drosophila larvae at facing complex stimuli
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