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For the first 20+ years of his careey;
Anderson’s research focused on the
bidogy of neud crest stem cels.

Begnning in the early part of the lest
decade, Anderson gradually switched his
reseach focus from neurd development
to the study of neurd dircuits underlying
innate behaviors that are assodiated with
emationd states.
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» Establish the setup for social analysis
» Dissecting the brain circuit of social behavior

» How does social experience cast a shadow on
other behaviors
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Octopamine in male aggression of Drosophila
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A common genetic target for environmental and
heritable influences on aggressiveness in Drosophila

Liming Wang ', Heiko Dankert, Pietro Perona, David J Anderson



Imaging setup for genetic screens in Drosophila
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CADABRA software processing
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CADABRA software output
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Hierarchical chemosensory regulation of male-male social interactions in
Drosophila

Liming Wang,1-' Xiaoqing Han,’-2 Jennifer Mehren.3 Makoto Hiroi,4 Jean-Christophe Billeter.5 Tetsuya Miyamoto.6
Hubert Amrein,® Joe! D. Levine,” and David J. Anderson’+2"
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The reciprocal effects of CHs on male-male aggression vs.
male-male courtship therefore reflect parallel, direct influences
of such pheromones on these two social behaviors.

gustatory and olfactory systems in regulating aggression
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A circuit node that integrates convergent input from neuromodulatory and
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The peacefulness gene promotes aggression in Drosophila
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Social behavior recognition in continuous video

Xavier P. Burgos-Artizzu*, Piotr Doll4r!, Dayu Lin*, David J. Anderson*, Pietro Perona*
*California Institute of Technology, TMicrosoft Research, Redmond, *NYU Medical Center
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Social and emotional neuroscience
Editorial overview
Ralph Adolphs and David Anderson

Current Opinion in Neurobiology 2013, 23:291-293
For a complete overview see the Issue

Available onfine 10th May 2013

0859-4388/8 — see front matter, ) 2013 Elsevier Ltg.
All rights reserved.

http://dx.doi.org/10.1016/j.conb.2013.04.011

Overview

= Impairments in social behavior and emotion feature prominently in
essentially every psychiatric disorder

= the different ecology of chimpanzees as compared to humans has
resulted in broadly different styles of processing depth, related to
differences in the need and ability for social communication.

= there are surprisingly common mechanisms shared between such
high-level social influences on preference- based behavior,and
more basic processes related to reward and punishment
processing.
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PNAS Plus
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Automated measurement of mouse social behaviors using depth sensing,
video tracking, and machine learning
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Feature extraction
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Male-male interactions

B Male-female interactions
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Genetic Influences on Social Behaviors.
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Detection of Social Deficits in an Autism Model.

Social investigation
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= Establish two setups for automated analysis of fly and
mice activity

conclusions

= Put forward an overview perception about social and
emotional neuroscience




Dissecting the brain circuit of social
behavior
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Social interaction Aggressive encounter between two males

among ~
conspecifics

Mating encounter between a male and a female

—

Asocial behaviors Self-grooming

How aggression circuits are organized in the brain

and their relationship to circuits for other instinctive social behaviours.
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The hypothalamus has been proven to be the center of attack behavior

Sham Rage (Bard, 1928)

(A) No “sham rage”

Cerebral cortex

v
Hypothalamus Medulla
Midbrain

(B) “Sham rage” remains

Cerebral cortex

Hypothalamus Medulla
Midbrain

Swiss doctor Hess (1943)

19494F i DR A= il El B 272
for his discovery of the functional organization of the

interbrain [hypothalamus] as a coordnator of the activities
of the internal organs

Thalamus

»activation of the neurons should be sufficient to trigger attack
»inhibition of these neurons should impair normal aggression

»these neurons should be active during aggressive encounters




Ventromedial hypothalamus, ventrolateral subdivision is the inter-male aggression locus
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VMHyvl Esrl™ neurons are necessary and sufficient for investigative phase of a social
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Scalable control of mate and attack by VMHvl Esrl™ neurons
Intruder & Intruder %
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VMHUvI control the progression of a social encounter from its appetitive through its
consummatory phases, in a scalable manner

close invest.
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(Kennedy, Asahina et al. 2014)



The scalable manner reflects the number or type of active neurons in the population
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Antagonistic control of social versus asocial behaviors by separable MeA neurons

.»'/ :
—— | —
o) m [4) ’ Z 7:;; — :,tfl__/r/-‘:::c—_;_
E -E 100/0 I/ ~ f’ - N g L~ .t"\\ \‘. |f. . Att k e M .
; g 750/ { /'J"—‘—| -—"ﬁ_‘} ":;IC‘. \ )Oming aC l_\ Ountlng
-8 o) 0 |I “ cl .?'S' ‘
— \ A ) J
» o . \\ A
w 50% NN\ = A 1 | |
gg d 3%; c’.ﬁ' 4 N | Ill ||!||
© v ™ ' a A /
< 25% ¢ NS
g : s | -
=5 o I 0 T IN
' | GABAergic Glutamatergic |
' neurons neurons :
' in MeApd in MeApd/LHA | .
E I_* ) : bniffing E NpHR silencing of vGAT* neurons
100% 1 ) B Attack  —— Self-grooming
1 1
+ [~ Laser
§ 75% 1 % 08
= N £
O =
218 50% z °°
. Q e
8 s i
Sl 25% Attack and other Reduced social § 028
i | social behaviors interactior\; i @ ol - SO _‘ﬂ
e Seif-grooming -10 0 10 20
& & Time (s)
& S
O

(Hong, Kim et al. 2014)



(Lin, Boyleet al. 2011) (Lee, Kimet al. 2014) (Hong, Kim et al. 2014)
Nature Nature Cell

"\I i ) (Asahina, Watanabe et al. 2014) (Hoopfer,Jung et al. 2015) (Watanabe, Chiu et al. 2017)
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Tachykinin-expressing neurons control male-
specific aggressive arousal in Drosophila
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conssle: * tyrinamayo P1iNterneurons promote a persistent internal state

that enhances inter-male aggression in Drosophila
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A Circuit Node that Integrates Convergent Input
from Neuromodulatory and Social Behavior-

Promoting Neurons to Control Aggression in
Drosophila
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Sexually dimorphic FruM* TK-expressing neurons control male aggression
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P1 neurons may be a potentially 'motif' for the control of social behaviors

mixed genotype pair
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P1 neurons promote social behaviors in a threshold-dependent, inverse manner
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Flies

Olfactory pheromones
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OA 1s essential for normal levels of aggression
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fru-expressing OAR™ aSP2 neurons’ activity is required for normal levels of aggression
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aSP2 neurons bias output from a social behavior network to promote aggression
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Conclusion

The circuits that regulate social behaviors are highly intertwined
Scalable control may be a general feature of cell populations controlling social behaviors
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How do social experience cast a
shadow on......

* Aggression?
* Stress reaction?
* Conspecifics recognition?



AGGRESSION
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VMHUvI esrl®™ neurons activate after 5-day trial
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Functional identification of an aggression
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=

Resident-intruder (RI) &
optogenetic stimulation

e
g4

3 min
BALBc - intruders

D Photoactivation
of AHIPM

© Syn-Chronos
C57BL/6N wild type

(AHiPM, amygdalohippocampal area, Rk EFSX)

E - .;r*es"idents in 1st__RI VS intrgder
Of E B
o = W T 0

___residents in 6th RI vs intruder
Ol i | I B B

O B N = —

10s

O eYFP O Close inv. — 535 nm

© Chronos @ Attack 20 Hz, 5 ms

Syn-Chronos DIO-tdT

VMHvI

AHIPM

Esr1-Cre mouse

(Stefanos Stagkourakis, et al, 2020)



AMPA/NMDA level rises after social experience.

Dendritic spine complexity increases also.
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VMHvI dEPSC amplitudes after optically induced LTP
And attenuates after optically induced LTD
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STRESS REACTION

group housed resident intruder looming disk fear conditioning tone fear test  footshock
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Legacy from previous study , Tac?2

T S TR

not yet clear (Figures 1A-1D). Guided by our previous studies
of aggression in Drosophila (Nang et al., 2008; Asahina et al.,
2014), we have investigated a potential role for tachykinins in
mediating SIS-induced aggression in mice (Maggio, 1988).
Studies of the neuropeptide tachykinin 2 (Tac2)/neurokinin B

= BT TR TTESRREE STUATR ISTGRSSE TRESTEUESEY WG THEETERR TS RETRNESE O5F

In Drosophila, an unbiased screen of peptidergic neurons identi-
fied DTK (Drosophila tachykinin)-expressing neurons and the
(NKB) in the central amygdala have implicated the peptide in DTK peptide as required for socigl isolation-indyced aggres§ion
fear memory consolidation (Andero et al., 2014, 2016), suggest- (Asahina et al., 2014). To determine whether this function might
ing a role in fear learning and expression. Here, we report a € conserved, we investigated the role of tachykinins in SIS. In
broader and unanticipated role for Tac2/NkB as an important ~ rodents, the tachykinin gene family comprises Tac7 and Tac2
peptide mediator of the effects of chronic SIS. Tac2/NkB is (Maggio, 1988). Tac1 encodes the peptides substance P (SP),
dramatically upregulated by SIS throughout the brain and coor-

dinates a pervasive change in brain state, affecting not only

aggression but also many other behaviors via distributed local

actions in multiple brain regions.
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TK expression increases after social isolation
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Neurokinin B and its antagonist osanetant attenuates effects of SIS
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Ifferent effects of SIS

different area attenuates d
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(Moriel Zelikowsky, et al, 2018)
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Map of active units

g B CONSPECIFIC RECOGNITION

et

(Remedios R, et al, 2017)
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Some neurons prefer one specific sex
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Cell activity represents different social behavior
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Neurons' sex preference polarizes during sex experience
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polarization dynamic
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