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.))) Reproduction is the first priority of animals




The egg-laying behavioral sequence of Drosophila females
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Fundamental questions
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Formation, transport and deposition processes of fly’s eggs.
How are these steps executed correctly?

The influencing factors of Drosophila oviposition.
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How is oviposition affected?



Outline

» The physiological basis for flies to lay eggs.

—Su XB
» Negative modulation of egg-laying in Drosophila.

—Jin SH
» Positive modulation of egg-laying in Drosophila

—Xing LM

> Discussion



The physiological basis for flies to lay eggs

—Su XB

1, Structural basis of oviposition behavior in female flies
2, From mating to laying eggs

l)ovulation

il)egg activation

3, Storage and release of sperm
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.))) Structural basis of oviposition behavior in female flies

Cartoon of the anatomy of the female D. melanogaster reproductive tract shown
from dorsal and lateral perspectives

Eric Kubli. Curr Biol. 2008 Margaret C Bloch Qazi, et al. Dev Biol. 2003 - ‘



Overview of Drosophila oogenesis and early development
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.))) From mating to laying eggs

Drosophila male-derived polypeptides whose functions are known or hypothesized to affect ovulation and sperm storage

Seminal protein Origin in male

Function in female

Protein class

Acp26Aa (ovulin) AG
Acp70A (sex peptide) AG

Dup99B ED
ED-OSS ED
Acp36DE AG
Esterase-6 EB &ED
Acp62F AG
PEB-me EB

Stimulates ovulation

Stimulates oogenic progression

Increases number of uterine eggs

Stimulates egg production

Stimulates ovulation in D. bigrmipes
Increases female sperm storage

Decreases sperm retention in storage
Stimulates ovulation rate

Hypothesized: protects sperm within storage
Hypothesized: facilitate sperm storage

Peptide hormone precursor®
Peptide

Peptide
Peptide
Glycoprotein
Esterase

Trypsin inhibitor®
Structural protein®

Margaret C Bloch Qazi, et al. Dev Biol. 2003



The ovulation and egg-laying process in mated females

Rk iyes +  oogenesis “-- -
Of the 4000 sperm transferred to l i
a D.melanogaster female spermstorage . 7,  ovulation
» To stimulate ovulation l l
sperm release egg in oviduct
» 80% are expelled from the uterus l

»> fertilization

'

egg
deposition

» Subsequent fertilizations rely on the 700—-

1000 sperm stored in the female.

Margaret C Bloch Qazi, et al. Dev Biol. 2003
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.)) ovulation

Acp26Aa is essential for release of oocytes by the ovary
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The lack of Acp26Aa in male seminal fluid had the highest effect on the
presence of an egg in the lateral oviducts
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Full-length ovulin(Acp26Aa) can stimulate ovulation in unmated virgin females

A 39
24
18
10
1} 0.2 0.4 0.6 0.8 1
B 35
24
.-
w18
=
=
w10
£
5
= ] 0.2 0.4 0.6 0.8 1
S
=]
L=
C = 39
E 24
:l—l
T
10
L] 0.2 0.4 0.6 0.8 1

A, hSp?O'GAL4, UAS'OVUllnfu” Iength expressing fema|eS

b |
18
10
] 5 10 15 20 F-1 k1]
Number of eggs per females
N '
- 162"
Time 1.2 Lateral g hs-Gald; UAS-
after hs ) 54 oviducts ovulin
. A (107.1)
\W' - -0.54
& 0.7
5.12 \ Egg
deposition

Black, lateral oviducts

White, external opening of the reproductive tract

B, non-heat-shocked hsp70-GAL4;UAS-ovuling iength females

C, hsp26-Ya females

Yael Heifetz, et al. PNAS. 2005



Ovulin acts through OA neuronal signaling
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Owvulin Relaxes Oviduct Musculature
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Egg activation

A series of major changes during egg activation

1,The oocyte's outer coverings undergo physical and chemical changes
2, Meiosis arrest is released to allow this cell cycle to complete

3, The populations of maternal mMRNAs and proteins undergo dynamic changes

4, Cytoskeletal rearrangements occur

The results of these events is the cellular transformation of a mature oocyte to a developing embryo.
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Ovulation triggers egg activation in Drosophila
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Egg position

Egg Permeabilization Index

Yael Heifetz, et al. Developmental Biology. 2001



Model of egg activation in Drosophila
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Fertilization and the start of embryonic divisions
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Egg-laying involves a structured set of actions

ovipositor motor program clean and rest program search-like behavior

6s 100s

30-120s

Current Opinion in Neurobiology

Méarcia M Aranha, Maria Luisa Vasconcelos. Curr Opin Neurobiol. 2018



.))) Storage and release of sperm

Steps

----------- +  oogenesis < -

b

» sperm entrance and accumulation
» Maintenance

» regulated release from the sites of storage

sperm storage _ 7 ovulation
sperm release egg in oviduct

Function

,

> fertilization

,

egg L
deposition

» efficient gamete use
» the subsequent maintenance of fertility
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Acp36DE promotes the early accumulation of sperm within SSOs
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OA and TA do not contribute to early sperm storage events but are required for
sperm depletion from storage
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Discussion

How does the reproductive tract coordinate the release of sperm and ovulation of eggs”?
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PART 2: Negative modulation of egg-laying in Drosophila
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Under what conditions dose Drosophila
melanogaster repress the oviposition behavior?

Substrate Internal

Microbiota ¢.£./ LI Y SENGY
oJefsdels o fofeTe]e

c= Peptidoglycan
amidase




Defence strategies against a parasitoid wasp in Drosophila: fight or flight?

Physiological defences

Behavioral defences :

» avoiding infested sites
» reducing the number of offspring

parasitoid wasp



The ab10B neuron is highly specific to Or49a and Or85f detecting parasitoid odors
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The ab10B neuron is necessary and sufficient to govern oviposition avoidance and larval
avoidance behavior
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Sight and NPF signaling control fly ability to sense and respond to wasps
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Flies form long-term memories of seeing wasps impacting oviposition preference
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Conclusion:

Avoidance behavior

» Drosophila avoids parasitoids by sensing their semiochemicals via a olfactory
circuit. ( ab10B neuron: Or49a and Or85f, DL4-PNs, MB-LH)

» Visual perception of wasps by flies might cause decreased NPF levels in fly
brains.

» Flies can form long-term memories of seeing wasps.

Question:

What causes an acute oviposition depression when expositing to predator?



Flies respond to wasps by decreasing oviposition and confer this information to naive flies
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Wasp exposure induces stage-specific apoptosis in wasp-exposed teachers
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Flies respond to a visual stimulus during wasp exposure
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Teacher flies communicate information to naive flies using their wings
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Conclusion:

Visual system
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Substrate

cue receptor sense
sugar GRb5a Gustation
Geosmin OR56a Olfaction
Phenol OR46a Olfaction

UV light R7 Vision
TRPAL (in proboscis) Gustation

1. Sucrose is nutritious, but why do flies seldom lay their eggs on
sucrose between two-choice chambers?

2. Drosophila are generally phototatic toward UV, what impels them
laying eggs away from UV?



Drosophila avoid laying eggs on media containing high level of sucrose
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TH neurons promote the value of sucrose-containing substrates for egg laying
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DA neurons in the PAL and the PPL2 are candidates for promoting sucrose preference
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Egg-laying demand induces movement aversion of UV
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uv

R7 Photoreceptors Are Required for Egg-Laying and Movement Aversion of UV
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Dm8 Neurons Are Required for Movement Aversion of UV, but Not Egg-Laying Aversion of UV
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H202/UV-sensitive dTRPA1L isoforms are expressed in the Gr66a-expressing neurons
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A

Gre6a/dTRPAL-expressing neurons on the proboscis promote vision-independent
egg-laying avoidance of UV

uv

(6 pW/mm?)

Egg laying PI

B dTRPA1>tdTomato
0.6+
s PC = Proboscis cut
45 13 s
0.24 I I -
-0.04
\
-0'2I
-0.44
-0.6 ¢ c,
¥ 55?
N\
o ¥
B
N Ex 4
Red LED o 2% ;
(2.3 pW/mm?) xxx —
" ]
1.0 f "
0.8- I % '
_ 06-
0 0.4
g 0.2 52 30 78 20 59
3 0.0
-0.24
w 0.4+
-0.64
-0.84
Dark 4.0- ; - S - ¢
W o e o
> o7 L
2 2 9 -7 U
)

N
> & W R
& gr N

D
**
C Gré66a>tdTomato il
uv ' == |
(6 pW/mm?) 0.6+ ety
"’»"Vﬂ
100 pm :’
dTRPA1-GAL4>UAS-CsC E
tub>GAL80>
Gr66a-lexA>lexA-op2-FLP Red LED
(4.5 pW/mm?)
Jode ke
06~ FHF
0.4+
o
o 02-
E 64
E -0.0+
S -0.24
w
-0.44
Dark .96
%\A ’)\,.\
& o Guntur AR, et al. Genetics. 2017




Functional olfactory circuits participate in choice of flies oviposition site
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Conclusion:
» The value of a sucrose substrate can be adjusted by the activities of a specific DA circuit.

“Once the sucrose substrate is determined to be the lesser valued option, females execute their
decision to reject this inferior substrate not by stopping their visits to it, but by actively
suppressing their egg-laying motor program during their visits. ”

Adult Drosophila possess at least two sensory systems for detecting UV.

» Egg-laying and movement aversion of UV are under separate circuit control downstream of
R7s. Only movement aversion of UV requires Dm8s neuron.

» vision-independent UV avoidance is mediated by a group of bitter-sensing neurons on the
proboscis that express dTRPAL isoforms.



Internal

Bacteria infection decreases fly oviposition
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Bacteria infection induces a temporary retention of oocytes within ovaries
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A functional NF-kB pathway is required in pLB1 cells to modulate egg-laying post-infection
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Conclusion:
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Question:

1.1s there a decision center that outputs instructions to suppress egg-laying?
2. What is the mechanism for reducing the number of eggs when flies assess
that the environment is not suitable for laying eggs?

oocyte retention, immature oocyte, egg-laying motor system
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» What are the differences between the egg-laying mechanisms of virgin and
mated females?

» How does mating behavior induce female to lay eggs?

» What other external factors can positively affect a female's egg-laying behavior?



Egg-laying behaviour in virgin females of Drosophila melanogaster

———The mechanisms that control the laying of eggs by virgin flies have not been elucidated
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A. What are the differences between the egg-laying mechanisms of virgin and mated females?

B. How does mating behavior induce female to lay eggs?

C. What other external factors can positively affect a female's egg-laying behavior?
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Sperm  Seminal fluid

proteins
Mating Transfer of Increased
male ejaculates egg production

What substrates induce females to lay eggs after mating?



The Amino-Acid Sequence of a Peptide (PS-1)
from Drosophila funebris :
A Paragonial Peptide from Males which Reduces the Receptivity

of the Female

Heinz BAUMANN, Kenneth J. WILSON, Pei Shen CHEN, and René E. HUMBEL
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A Male Accessory Gland Peptide That Regulates
Reproductive Behavior of Female D. melanogaster

P. S. Chen,” E. Stumm-Zollinger,” T. Aigaki"
J. Balmer,” M. Bienz,” and P. BGhlen+

* Institute of Zoology

Hinstitute of Biochemistry

University of Zirich

CH-8057 Zirich, Switzerland
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Ectopic Expression of Sex Peptide Alters
Reproductive Behavior of Female D. melanogaster

Toshiro Aigaki,* Iréne Fleischmann,! Pei-Shen Chen,! D. melanogaster is one of the species whose repro-
and Eric Kublit ductive biology has been extensively studied (Fowler,
*Department of Experimental Biology 1973; Spieth and Ringo, 1983; Hall et al., 1980; Hall,
Tokyo Metropolitan Institute of Gerontology 1986: Tompkins, 1989). it is also known as an excellent
Tokyo 173 experimental system because of its genetic amenabil-
Japan ity. Mated females oppose remating by extruding
*Zoological Institute their ovipositors toward the courting males (Connolly
University of Zurich-Irchel and Cook, 1973). This rejection behavior is distinct
CH-8057 Zurich from that of immature virgins, which are also unre-
Switzerland ceptive but refuse mating by more general behaviors,

such as jumping, kicking, or running away from the



Sex-peptide is the molecular basis of the sperm effect in Drosophila melanogaster
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How does sex peptide function in females?

fru neurons is required in virgin females to promote mating behavior and to inhibit post-mating
reproductive behaviors
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Sex peptide may therefore promote post-mating behaviors by modulating the activity of
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SPR is required in the nervous system for the behavioral switch triggered by SP

SPR: CG16752
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SPR is in the reproductive organs and the CNS, and acts in fru neurons
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fru/ppk neurons on the reproductive tract are critical SP sensors that control post-mating

behavi
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How dose sex peptide influence fru / ppk neurons to induce post-mating behaviors?

Sex peptide Jru ippk neuron » female post-mating behaviors
 eg, egg-laying, rejection

inactivated fiw / ppk neuron

Hypothesis: SP inhibits fru/ppk neuronal activity, and How?



SP induces postmating behaviors by activating Gal and inhibiting cCAMP signaling
In fru/ppk neurons
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dsx neurons respond to SP-induced post-mating behaviors
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dsx neurons are part of the fru+/ppk+ circuitry involved in sensing SP
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C. What other external factors can positively affect a female's egg-laying behavior?



In addition to the copulation-induced increase in egg-laying, does external information
encourage females to lay eggs, and how’

Substrate attraction

Acetic acid and other sour

Lobeline

Terpenes

Social experience

9-tricosene

Female flies

IR25a, IR76b

GR66a in pharynx
OR19a

OR7a

Photoreceptors

Gustation

Gustation
Olfaction

Olfaction

Vision



The gustatory system mediates oviposition attraction to acetic acid (AA)
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Oviposition preference is mainly mediated by tarsal sour GRNs: IR76b and IR25a
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Grée6a neurons in the pharynx receive sensory input for egg-laying attraction to lobeline
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From acetic acid to fruits: Do flies have an oviposition preference for fruits?
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The egg-laying site preference can be influenced by the social transmission between females

Canditicning phase Test phases
Ghrd hr Ehr-24 hir
12 by Bhr 16k
I L S
i
- 0
(=
- T
@m.m O]Ufr_-s Omfas Yo
— e
0 O ol £
-E nz
& il Demonstralons training phase | Socisl ansmission phase Firs! bas| phase Sacerd tost phase Ok
nEarvars
MR YT _ :
as
A - . & AMINETAIDN 5 4 ]
demonalralors -F. 1y
) —_ O s ||
Sunditionng prase Sl braneamiss n plase Tesd phss B Damormiraions D E
13 b tr 12hr O Obesrvers chner ‘E "
A @ e A - awn ol "%l ’
- Bilns Bea 1
B 8| denomisin = |
EE e g
£5 o e B ol B O s I B e
B "K ' i e E E o & os
Hi JBT= ~. e 2 o E”
g ) —D D E - O _q E N
. E i |
B as o o rar o s
- E % a4y ot b
i |
Ed Ea:d
g5 £ I
§ Faiq
c o4 .
52 £as |
-3 o E I
E 5 Eﬂl
’ Marine Battesti., et al. Curr Biol. 2012
’




Discussion

Curren B ohogy

| propriocegtion | |gustatiun] |al1'a.ctlun | vlsmnl

sex peptide (SP)  acid  lobeline terpenes 2-7 female

imteract
SPR-Gailo /
1
. GAMP - PKA
S 1252 GResa OR19a OR7a
SOG w_ °
- fru/ppk/dsx /
e ',
Ulterus “ \

female postmating behaviors

promote «———  positive modulation of egg-laying — preference

Current Biology

Circuit and Behavioral Mechanisms of Sexual
Rejection by Drosophila Females

Graphical Abstract

Authors

Fei Wang, Kalyu Wang, Nora Forknall,
Ruchi Parekh, Barry J. Dickson

Correspondence
dicksonb@janelia.hhmi.org

In Brief

After an initial mating, female flies often
reject courtship from other males. Here,
Wang et al. characterize the neural
circuitry that controls a specific rejection
behavior, ovipositor extrusion. Ovipositor
extrusion occurs in response to a male's
courtship song, provided the female has
ovulated as a consequence of a previous
mating.



References

1.

w

10.

11.

12.

13.

Anuj Menon, Vishwanath Varma & Vijay Kumar Sharma (2014) Rhythmic egg-laying behaviour in virgin females of fruit flies Drosophilamelanogaster,
Chronobiology International, 31:3, 433-441, DOI: 10.3109/07420528.2013.866131

Ejima A, Nakayama S, Aigaki T. Phenotypic association of spontaneous ovulation and sexual receptivity in virgin females of Drosophila melanogaster
mutants. Behav Genet. 2001;31(5):437-444. doi:10.1023/a:1012794421980

Liu H, Kubli E: Sex-peptide is the molecular basis of the sperm effect in Drosophila melanogaster. Proc Natl Acad Sci U S A 2003, 100:9929-9933.

Kvitsiani D, Dickson BJ. Shared neural circuitry for female and male sexual behaviours in Drosophila. Curr Biol. 2006;16(10):R355-R356.
d0i:10.1016/j.cub.2006.04.025

Yapici N, Kim YJ, Ribeiro C, Dickson BJ. A receptor that mediates the post-mating switch in Drosophila reproductive behaviour. Nature. 2008;451(7174):33-
37. doi:10.1038/nature06483

Yang C-H, Rumpf S, Xiang Y, Gordon MD, Song W, Lily Y, Jan LY, Y-N Jan: Control of the postmating behavioral switch in Drosophila females by internal
sensory neurons. Neuron 2009, 61:519-526.

Chen Y, Amrein H. lonotropic Receptors Mediate Drosophila Oviposition Preference through Sour Gustatory Receptor Neurons. Curr Biol. 2017;27(18):2741-
2750.e4. doi:10.1016/j.cub.2017.08.003

Joseph RM, Devineni AV, King IF, Heberlein U. Oviposition preference for and positional avoidance of acetic acid provide a model for competing behavioral
drives in Drosophila. Proc Natl Acad Sci U S A. 2009;106(27):11352-11357. doi:10.1073/pnas.0901419106

Dweck HK, Ebrahim SA, Kromann S, et al. Olfactory preference for egg laying on citrus substrates in Drosophila. Curr Biol. 2013;23(24):2472-2480.
d0i:10.1016/j.cub.2013.10.047

Joseph RM, Heberlein U. Tissue-specific activation of a single gustatory receptor produces opposing behavioral responses in Drosophila. Genetics.
2012;192(2):521-532. doi:10.1534/genetics.112.142455

Ha" semeyer M, Yapici N, Heberlein U, Dickson BJ: Sensory neurons in the Drosophila genital tract regulate female reproductive behavior. Neuron 2009,
61:511-518.

Lin CC, Prokop-Prigge KA, Preti G, Potter CJ. Food odors trigger Drosophila males to deposit a pheromone that guides aggregation and female oviposition
decisions. Elife. 2015;4:e08688. Published 2015 Sep 30. doi:10.7554/eL ife.08688

Battesti M, Moreno C, Joly D, Mery F. Spread of social information and dynamics of social transmission within Drosophila groups. Curr Biol. 2012;22(4):309-
313. doi:10.1016/j.cub.2011.12.050



	Slide 1 
	Slide 2 
	Slide 3 
	Slide 4 
	Slide 5 
	Slide 6 
	Slide 7 
	Slide 8 
	Slide 9 
	Slide 10 
	Slide 11 
	Slide 12 
	Slide 13 
	Slide 14 
	Slide 15 
	Slide 16 
	Slide 17 
	Slide 18 
	Slide 19 
	Slide 20 
	Slide 21 
	Slide 22 
	Slide 23 
	Slide 24 
	Slide 25 
	Slide 26 
	Slide 27 
	Slide 28 
	Slide 29 
	Slide 30 
	Slide 31 
	Slide 32 
	Slide 33 
	Slide 34 
	Slide 35 
	Slide 36 
	Slide 37 
	Slide 38 
	Slide 39 
	Slide 40 
	Slide 41 
	Slide 42 
	Slide 43 
	Slide 44 
	Slide 45 
	Slide 46 
	Slide 47 
	Slide 48 
	Slide 49 
	Slide 50 
	Slide 51 
	Slide 52 
	Slide 53 
	Slide 54 
	Slide 55 
	Slide 56 
	Slide 57 
	Positive modulation of egg-laying in Drosophila
	Slide 59 
	Slide 60 
	Slide 61 
	Slide 62 
	Slide 63 
	Slide 64 
	Slide 65 
	Slide 66 
	Slide 67 
	Slide 68 
	Slide 69 
	Slide 70 
	Slide 71 
	Slide 72 
	Slide 73 
	Slide 74 
	Slide 75 
	In addition to the copulation-induced increase in egg-laying, does external information encourage females to lay eggs, and how？
	The gustatory system mediates oviposition attraction to acetic acid (AA)  
	Slide 78 
	Slide 79 
	Slide 80 
	Slide 81 
	Slide 82 
	Discussion
	References

