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Courtship song in Drosophila

» The function and overview of courtship song—Su Xiangbin
» Generation of courtship song—Chen Jiangtao

» Female response to courtship song—Han Caihong
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Courtship ritual and neural sex determination in Drosophila
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Elements of Drosophila male (left) and female (right) mating decisions
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The discovery of courtship songs

> Science. 1962 Aug 31;137(3531):677-8. doi: 10.1126/science.137.3531.677.

Nature of the Sound Produced by Drosophila
melanogaster during Courtship

H H Shorey

PMID: 17770950 DOI: 10.1126/science.137.3531.677

Abstract

he wing vibrations of courting male Drosophila melanogaster Meigen produced pulsations of sound
with each pulse apparently caused by 1 to 2 cycles of wing movement. The average repetition rate at
25 degrees C was 29.8 pulses per second. The rate was dependent on temperature, increasing at 1.4

pulses per additional degree Celsius.




Oscilloscope records of the songs of males of D. simulans, D. melanogaster, and their hybrid
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Florian von Schilcher and Aubrey Manning, (1975)

Table III, “Interpulse Intervals” in Courtship Song and
Wingbeat Frequency in Flight of the Males of the Two Species
and Their Hybrid

—

Wingbeat frequency =+ SE

Ipi &4 SE (eyeles/sec)
D. melanogaster 34.6 + 0.4 218.3 + 2.4
D. simulans 48.7 4 1.2 262.7 &= 2.9
Hyhbrid 47.7 £ 1.2 240.6 £ 2.6




Courtship Song components of Males
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Eran Taubera and Daniel F. Eberl, (2001) SDUR/sine duration  FR/carrier frequency of the sine song

AMP-RT/amplitude ratio between sine and pulse song
IPl/inter-pulse interval PD/pulse duration

PN/number of pulses in a train



Regulation of courtship song

— Female movement
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How courtship song are regulated by female cues?
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[:]:] Generation of courtship song—Chen Jiangtao



Why did we study courtship songs?
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:]] Courtship song in Drosophila melanogaster: a differential effect on male and female




The role of courtship song for female

— Copulation

Table 1. Thirty-Minute Copulation Percentages of rsd Flies
and Controls®

Fraction Percentage
Male Female copulating copulating*
CS CS 53/75 71ak
rsd CS 2/75 3¢
CS (wingless) CS 4/50 B
rsd (wingless) CS 1/50 2
Cs rsd 69/75 G2a.d
CS rsd (BG) 67/75 59~
rsd rsd 13/75 17¢
CS (wingless) rsd 10/50 204
rsd (wingless) rsd 9/50 18

Scott P. McRobert, Fred B. Sehnee and Laurie Tompkins, (1995)
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The respective importance of pulse and sine song
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Comparison of the love song components of mature males
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Female discrimination between D. ananassae and D. pallidosa
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How species-specific songs are detected and recognized, a goal that has
yet to be achieved in any species.



The role of courtship song for female
— Locomotion

Experimental apparatus designed to study courtship song of Drosophila melanogaster
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MTA and MMD of D. melanogaster females for the two recording periods(with male)
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How do courtship song affect female receptivity?

e]®

[:]:] Female response to courtship song—Han Caihong



The role of courtship song for male(alone)

— Locomotion
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The role of courtship song for male

Chaining Index

— Chaining behavior
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fry LExA

CRM-GAL4

Intersectional labeling of auditory neurons
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Inactivation of second- and third-order auditory neurons reduced chaining responses to pulse song
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Calcium responses of vPN1 neurons to courtship song
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The role of pC1 dsx neurons in song perception
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The aPN1-vPN1-pC1 pathway is functionally interconnected
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The role of courtship song for male
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Female Drosophila sing a sex specific song during copulation
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Female copulation song decreases remating
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Summary

» Courtship songs were mainly composed of pulse song and sine song, and its function
IS dominated by pulse song

» Courtship songs are involved in regulating a variety of behaviors, such as sexual behavior,
aggression and locomotion

» Female Drosophila sing a copulation song to reduce remating
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() Generation of courtship song—Chen Jiangtao



Generation of Drosophila courtship song

Chen Jiangtao
2022/03/31



Content

1. How to Initiate acourtship song?

Female stimulation:

2. How to decide acourtship song?

Neuronal control

3. Howto perform acourtship song?

Motor control

Motion feedback

A\



1. How to INnitiate acourtship song?

Female stimulation: Motion feedback



Multiple sensory modalities control the initiation of courtship song
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Dynamic sensory cues shape song structure in Drosophila
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Dynamic sensory cues shape song structure in Drosophila
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Dynamic sensory cues shape song structure in Drosophila
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Dynamic sensory cues shape song structure in Drosophila
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Summary

1. How to INitiate acourtship song?

Female stimulation. ZZ458 7 EHE FFHIH 5. R /58 B4 F 5K 15K
Motion feedback. #£45 5 55950 1Fh B TREFHE T K 155 F9 12 Tt FTZE 7



2. Howto declde acourtship song?

Neuronal control



Courtship index

Neuronal Control of Drosophila Courtship Song
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Neuronal Control of Drosophila Courtship Song
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Neuronal Control of Drosophila Courtship Song
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Neuronal Control of Drosophila Courtship Song
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Summary

1. How to INitiate acourtship song?
Female stimulation. #2458 T HEIEFFRATH L . R/ B2 FHEKIBH,
Motion feedback . 7248 5 5 49z 1E10 5E TRAFH T K 18 IR L2574

2. Howto decide a courtship song?

Neuronal control . 248 K 1EFHI1T N G MR F— T FFEL0 0, E7ZP 1A AHT
FruMLETT "RE" TXTEEE 1S8Ry, MBI ERITT A5



3. Howto perform acourtship song?

Motor control



Motor Control of Drosophila Courtship Song
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Posterior Brain

Motor Control of Drosophila Courtship Song
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Motor Control of Drosophila Courtship Song
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Motor Control of Drosophila Courtship Song
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Summary

How to INItiate a courtship song?

Female stimulation. ZZ458 7 EHE FFHIH 5. R /58 B4 F 5K 15K
Motion feedback. #£45 5 55950 1Fh B TREFHE T K 155 F9 12 Tt FTZE 7

How to declide a courtship song?

Neuronal control . 248 K 1EFHI1T N G MR F— T FFEL0 0, E7ZP 1A AHT
FruMLETT "RE" TXTEEE 1S8Ry, MBI ERITT A5

How to perform a courtship song?

Motor control * hglZz) 42 TT ANQLYL A HI M 7 — 75 1M % B 2288 K 15 3 LE 52 /4 57
FR TR, PSR, BREZ)FETX TR K B HIFF IR EZ.,

How to finish a courtship song?



THANKS!



Female responses to courtship songs

Caihong Han
2022-03-31



Behavioral components of courtship in the female fly at different receptivity states
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the wings
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locomotion

Mature virgin Immature virgin Mated

Current Opinion in Neurobiology

Aranha, M.M. and M.L. Vasconcelos, Curr Opin Neurobiol, 2018.



Courtship song response in female and
comparison of the sound pathways in flies and mammals.
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Phylogenetic relationships of Drosophila courtship songs across species
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aLN(al) and aPN1 mediate the detection of conspecific song in D. melanogaster
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Normalized AF/F

aPN1 response to pulse song in AMMC
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GABAergic local interneurons suppress the song response of AMMC neurons
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Cumulative copulation

1.01

0.8

0.61

0.4

0.2

0.0

Rdl receptors in pC1 neurons modulate the experience-dependent
song preference in females.

Experience-depen Innate circuit
dent recruitment

Courtship song
N  No sound Heterospecific ‘ ‘

E Conspecific Heterospecific

Sensory neurons
Heterospecific *

Rdl knockdown Control
aPN1 neurons
n=24 = 107 n=32 *
n=26 N.S. o n=41 *
3 °° GABA ———
S 06 Higher-order
9 N neurons
E 04
3
JJ' E 02
O
0 5 10 15 20 25 30 0 5 10 15 20 25 30 GABA,

Time (min) Time (min) receptors

Courtship/Receptivity

Li, X. Elife, 2018



How does the courtship song signals female acceptance?



cVA sensitizes the responses of pC1 neurons to courtship song
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Pulse trains

Sine waves

VvPOENS and vpoDNs are tuned to conspecific courtship song
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vpoDNs integrate mating status and song
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The female fly to mate or not to mate is largely determined by how the vpoDNs integrate

signals from two direct synaptic inputs:
1. the vpoENSs, which are selectively tuned to the conspecific male courtship song,

2. the pCL1 cells, which encode the mating status of the female.

Wang et al., 2020, Nature.



How does the brain processes courtship song for rejection responses in females?



before

Lateral view

during

before

Ventral view

Ovipositor extrusion mediates rejection when performed by a mated female

Ovipositor extrusion (OE) B Vaginal plate opening (VPO)

o
N\SZAY
o E *kk F *kk L - M -
% § 20- 5= 12 = N.S. %k 12 - *%% N.S.
s [ ] é
® 0
g2 — 8 o
= [ po — -
g = @ o© ~
W ) w
O 2+ ? g i % o) o
4 - 4 -
g ® ® 3 o
33 11 ¢ 8 ® oo s, °
> 0
£ 0 i 0 o G 0 i%
(1]
> g " 1“9 1r; v Yv m Y¥Ym v W m Wm
3 n 10 22 19 20 n 10 22 19 20

Wang et al., 2020, Current Biology



Photoactivation of DNp13 neurons mediate ovipositor extrusion
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DNp13 neurons receive auditory input from pC2I cells
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Ovulation facilitates the ability of DNp13 neurons to trigger ovipositor extrusion
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Mated Drosophila females extrude their ovipositors to reject
courting males

The DNp13 descending neurons are command neurons for
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DNp13 neurons respond to male courtship song via pC2|
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motor output
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Licking and ovipositor extrusion together prompt male copulation attempt
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A model of the auditory pathways involved in relay of song signals
to modulate female receptivity.
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summary

aPN1 mediate the detection of conspecific song in D. melanogaster.

Female-specific vpoDNs neurons act as command-type neurons for vaginal plate opening to allow
copulation.

The DNp13 neurons respond to male song via direct synaptic input from the pC2l auditory neurons
for ovipositor extrusion to reject the male.

Licking and ovipositor extrusion together prompt male copulation attempt.
GABAergic local interneurons suppress the song response of AMMC neurons
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