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Larval Population Density Alters Adult Sleep in Wild-
Type Drosophila melanogaster but Not in Amnesiac
Mutant Flies

Michael W Chi 1, Leslie C Griffith 2, Christopher G Vecsey 2
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population density during larval development has an impact on the sleep behavior of adult flies, causing
female flies to sleep longer, and in more consolidated bouts.
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these effects are attenuated in amnesiac mutant flies, but are not affected by
mutation to the ubiquitous olfactory receptor or83b.
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Genetic background has a major impact on
differences in sleep resulting from environmental

influences in Drosophila

John E Zimmerman 1, May T Chan, Nicholas Jackson, Greg Maislin, Allan | Pack
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Similar results were shown for groups of females housed in
groups of 30 for 9 days .



Waking Experience Affects Sleep Need in Drosophila

INDRANI GANGULY-FITZGERALD, JEFF DONLEA, AND PALIL J.
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Socially enriched individuals slept significantly more than
socially impoverished ones. The difference in sleep was

restricted to daytime sleep and depend on visual and
olfactory sensory inputs.
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Use-dependent plasticity in clock neurons regulates
sleep need in Drosophila

Jeffrey M Donlea ', Narendrakumar Ramanan, Paul J Shaw
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The difference is dependent on the core clock gene per but it
is independent of other core clock genes like timeless, cycle,

and clock . This may indicate that this is a clock-independent
process in which per has a separate function.

pdf-GAL4 Rescue

*

—TT — X

" -

— ‘ﬁ

4+ pdt-GALA/+, pdfFGAL4/+,
bs?lbs?, bs?/bs?, bs?bs¥;
UAS-bs/+ ++ UAS-bsi+



Pre-synaptic signals Post-synaptic signals
pdf-GAL4/+;UAS-VAMP-GFP/+ pdf-GAL4/+;;UAS-dIgWT-gfp/+

E Isolated F Enriched A Isolated B Enriched

\ * ! * o ) * y

S o 150% < , 150% L 200% L 200% *

< @ < ®© [« Y (3, %)

> < 2 é 5 g = ]

S £ 100% { —= S 5 100% 5 £ TE

é E - E & ® 100%4{ —= & @ 100%

3 & 50% 2% 50%- Z§ i;’ -}

o 2 B B 7] Z =

> & > @ © o oo

Ea / 0 2 2 (0% = a 0%

S 0% : % e 0% B ° T _ = ° 1

c© Isolated  Enriched g < 48 Hour 48 Hour SD 2 Isolated  Enriched © 48 Hour 48 Hour SD
Rest B

Rest

sleep acts to downscale synaptic connections that are
potentiated during waking experience.
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Sleep and synaptic homeostasis: structural evidence
in Drosophila

Daniel Bushey !, Giulio Tononi, Chiara Cirelli
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Fiber Number in the Mushroom Bodies of Adult
Drosophila melanogaster depends on Age, Sex and
Experience

Gerhard M. Technau*
Institur fiir Genetik und Mikrobiologie, Ronigenring 11, 8700 Wiirzburg (F.R.G.)
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Fig. 1. Electron micrograph of a cross-section through the caudal peduncle of the mushroom body of an
adult female fly. Arrows point to glal lamellac enveloping the peduncle (big srrows) and partially separating
fiber portions internally (small arrows). ¢, extrinsic clement.
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Social Experience Is Sufficient to Modulate Sleep Need of Drosophila without Increasing
Wakefulness
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Visual experience drives sleep need in Drosophila

Leonie Kirszenblat, Rebecca Yaun, and Bruno van Swinderen
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Chronic Social Isolation Signals Starvation and Reduces Sleep in Drosophila

Wanhe Li,""" Zikun Wang,! Sheyum Syed,2 Cheng Lyu,3 Samantha Lincoln,! Jenna O'Neil,' Andrew D. Nguyen,’
Irena Feng,' and Michael W. Young'"

i d Fold Change of Normalized Counts
b Experience (25) 1) 0 1 2 3 4
10 Acquisition a RNA-Seq ' 1 : ! 1 N
75 ¥ socially-enriched (Grp) artichoke <
gso : . . . T Cytochrome P450-6a8 =
s ook § ! . R . Peroxiredoxin 2540-2 <
0 T T T g — oAy = = g w 1 o % . 1
(— | = o R 2 2 i target of brain insulin 1‘ i
0 6 12 18 24 A : o - oo i
c Zeitgeber Time (h) T 5 CG5955 e <
& 0 & 2 18 24 |o% ! Limostatin fe ., | <
:; :: ZoNgebes Time:(h) g 8— Sarcosinede hydrogenase f = <
$ B b RNA-Seq 9|2 o
* 25 :i:,p‘a:g) ¥ chronic isolation (Iso_7D) % Sle ¢ CG3984
e §aar, =mememm:](5Q(5 8 CGo119
T T T T T ’ .T",. ot — a.’ \ g) 0} =
0 6 12 18 24 # 52|82 CG15093
d Zeitgeber Time (h) £ —~ | =>»D _
10 5 § S T suppressor of rudimentary
£7s 3 28 g § CG1673 <
g %0 — YA 151
» 25 = Grp_6D 0 6 12 18 24 3?;_ £ SE —
ol) : R w-160.50: Zeitgeber Time (h) ® o Iron regulatory protein 18 {te,
(— | - B i R H
0 ;eit e;:r Tlm:B(h) 24 e l::lA? acute isolation (Iso_1D) % 2 : Drosulfakmmﬁ’ 2 ms Grp
€, 9 §.: 2¢ CG32444 = Iso_1D
275 * % . : g o CG18547 mm Iso_7D
N - - = I
g 50 £] & 7 = St Multi drug resistance 50 2 o
H 2: = ﬁf,"_;’: 1 l%_'::'ifl_.;";i I____ I__ “,_. Larval serum protein 2 <
t:?m‘ — az-nydrzxyglgtaﬂc acid
0 6 12 18 24 ehydrogenase ! X X X
Zeitgeber Time (h) Zeitgeber Time (h) e 0 1 2 3 4

1 P2-GAL4>UAS-Kir2.1

- Grp_7D
~Iso_7D

1] L L) J U
0 6 12 18 2

Zeitgeber Time (h)

1 Control: P2-GAL4/+

—Grp_7D
—ls0_7D

L i \J \J A

[S—
0 6 12 18 24

Zeitgeber Time (h)
1 Control: UAS-Kir2.1/+




A

[ Antioxidant

overexpression

("Catalase )

i i

ROS

y?

Sleep

1250

Minutes sleep/day

7501

250

sleep

*x

Total

whAh *hkk
r 1 r T

® elav driver only

o UAS-catalase only
» elav>catalase

© UAS-SOD1 only

e elav>SOD1

o UAS-SOD2 only

® elav>S0D2

______________________________________________________

Sleep —p

Oxidative stress
response — e

. . s . s .

AT BR S E 2R R



Social isolation effect on

Drosophila aggression
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Social isolation induce aggression in many species
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» How does social isolation regulate aggression ?
Sensory
« Neuromodulator
» Why Drosophila has a higher aggression level after social

isolation ?



» How does social isolation regulate aggression ?

- Sensory

« Neuromodulator



Vision does not involved in the social isolation induced aggression

Ramin er al. Molecular Brain 2014, 7:55 m
: : c g
httpy//www.molecularbrain.com/content/7/1/55 : Molecular Brain

RESEARCH Open Access

Aggression and social experience: genetic
analysis of visual circuit activity in the control of
aggressiveness in Drosophila

Mahmoudreza Ramin'?, Claudiu Domocas’, David SIawﬁ%ka-an] and Yong Rao'%*
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Social status affected aggression is reversible

PNAS |

A common genetic target for environmental and
heritable influences on aggressiveness in Drosophila

Liming Wang*, Heiko Dankert**, Pietro Perona’, and David J. Anderson**$

*Division of Biology 216-76 and 'Engineering and Applied Sciences 136-93 and *Howard Hughes Medical Institute, California Institute of Technology,
Pasadena, CA 91125

This contribution is part of the special series of Inaugural Articles by members of the National Academy of Sciences elected on May 1, 2007.

Contributed by David J. Anderson, February 11, 2008 (sent for review November 12, 2007)
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Screening of the associated genes of social isolation and aggression
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Nonneuronal protein involved in the regulation of aggression by social experience
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Drosophila gets social information through cVA
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cVA effects aggression in social Drosophila via Or65a ORNs
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Aggression reduced in Drosophila with Or65a ORNs activation experience
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cVA enhance aggression of crowded Drosophila via the or67d ORNs
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A model of cVA modulates aggression by social experience/status
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Neuromodulator changes in social isolation induced aggression
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Lunges in 20 min

Decreased Dsk Expression increases aggression in social isolation flies
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Lunges in 20 min

Dsk neurons activity bidirectionally regulates aggression in single housed fly
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Tachykinin mRNA
(% of Rpl32)

TKNfruP! neuron activity positively correlated with aggression

Tachykinin-Expressing Neurons Control
Male-Specific Aggressive Arousal
in Drosophila
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TK regulates aggression through Takr86C in single housed flies
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Summary:

« Pheromone is very important for the establishment of social

experience and the regulation of social behavior.

« The presence or absence of social experience can be reflected by

differences in neuromodulators expression.



» Why Drosophila has a higher aggression level after social

isolation ?



Social isolation stress increase aggression in rodents
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Social isolation stress-induced aggression in mice: A model to study
the pharmacology of neurosteroidogenesis
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Aggression reduced after group feeding in cricket
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Aggression level is not constant during the normal behavior test
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Social rebound after social isolation
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Take home messages:

« The role of cVA in Drosophila aggression regulation.

« Neuromodulator involved in the modulation of social isolation

related aggression.

« The significance of higher aggression levels for Drosophila.
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Effects of social experience on courtship in Drosophila
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»How social environment affects drosophila mating behavior

»>Social experience and courtship behavior of both sexes



How social environment affects drosophila mating behavior?
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Social context enhances hormonal modulation of pheromone
detection in Drosophila
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Group housingenhances pheromone response of Ord47b neuronsin mature males
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GH elevates

Evoked response (spikes/s)

Ord47b pheromone response by means of activity-dependent CaMKI signaling.
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Heightened levels of Ord47b ligands in group-housing conditions are sufficient to sensitize Or47b ORNs in
mature males.



GH elevates Or47b pheromone response by means of activity-dependent CaMKI signaling.
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GH enhances courtship behavior by activating a CaMKI-dCBP signaling pathwayin male Or47b ORNs
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Juvenile hormone signaling is required for the effect of group housing on Or47b ORNs
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Two molecular pathways—one signaling population density and the other fly age—are both required
for the activity-dependent Or47b neuronal plasticity.



Group housing enhances the efficacy of juvenile hormone signaling
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FruM expression levels determine Or4d7b response
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Juvenile hormone signaling require FruM to elevate pheromone responses
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Summary:

Group housingenhances courtship motivationin mature but notimmature males.

Group housingelevates the pheromone response of Ord7b ORNs onlyin mature males.

CaMKI/CBP pathway synergizes with juvenile hormone in sensitizing Or47b ORNs.

FruM levels fine-tune pheromone sensitivity according to both fly density and age.



Effects of social experience or environment on male fruit flies



Experimental procedure to test the social plasticity of courtship song.
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Male experience affected the proportion of time males spent courtingand the rank order of courtship latencies
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Male experience significantly affected both the proportion of time males spent courting and courtship latency

males experienced at courting immature females (M)
males experienced at courting mated females (0)
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Compared to males experienced with mated females, males experienced with immature females decreased
courtship latency towards virgin and mated females and increased courtship duration towards virgin females.



Summary:

 The courtship songof fruit flies is influenced by social environment.

* Male experience affected the proportion of time males spent courtingand the rank order of

courtship latencies



Effects of social experience or environment on female fruit flies



Social environment caninfluence mate choice and fecundity, and notably genotypic diversity in the next generation.
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Social heterogeneity affects mating frequency
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Influence of social information on mate selection of female fruit flies

Mate-copying
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Summary:
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