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The variety of visual features in animals




Overview of the visual system: from structure to functions
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How the human eye works
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Questions

How the Drosophila eye works?
What is the structure of the visual system in fruit flies?
What do fruit flies see?

How do visual scenes induce appropriate behavior in fruit flies?
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» The Drosophila adult visual system
» Drosophila larval visual system

» Visual feature-based behavior of Drosophila
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Stochastic choices in development

Generation of neural diversity: the development of the optic lobes
Building the neural pathway for motion vision

Aging and rejuvenation in a social insect in collaboration with Danny Reinberg
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o Halting the spread of repressive chromatin

o Epigenetics in a model organism(ants)

o Polycomb group (PcG) of epigenetic regulators
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The visual system of Drosophila

central brain optic lobe eye

Four of these neuropils form the optic lobe: lamina, medulla, and the lobula complex.

The lobula complex is further subdivided into the lobula and the lobula plate neuropils.

Nathalie Nériec and Claude Desplan, 2016



The visual system of Drosophila

“Interneurons” whose cell bodies and
projections remain within the optic lobe.

E. Projection neurons

f;;,j'iff'_’;-, “projection” neurons, which connect the
= optic lobe to the CB.

Nathalie Nériec and Claude Desplan, 2016
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The compound eye

Eight photoreceptor cells (PRs; R1-R8) ==-==-===-======---—--- .
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light vision, motion vision as
well as orientation behavior l l

UV-sensitive Rh3 in R7 and longer UV wavelengths (Rh4) in R7
blue-sensitive Rh5 in R8 and the green-sensitive Rh6 in R8

Rhodopsins (Rhs), light-sensitive G protein-coupled receptors I
GPCRs) that define the spectral sensitivity of the PR

|

Five Rh proteins — Rh1, Rh3, Rh4, Rh5 and Rh6 — with different spectral
sensitivities are expressed in two classes of PRs in the Drosophila retina




Spectral sensitivity curves of rhodopsins expressed in photoreceptor cells
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Optic lobe

Structure Compose Function Reference
lamina interneurons motion vision Hofbauer and Campos-Ortega,
1990 Tuthill et al., 2013
medulla projection neurons motion vision, Morante and Desplan, 2008
interneurons color vision and further Zhu, 2013
computes Chin et al., 2014
lobula projection neurons Otsuna and Ito 2006
Mu et al., 2012
lobula complex lobula plate projection neurons(LPTCs) motion detection Behnia and Desplan, 2015
interneurons(T4 and T5 cells) computation of motion Borst 2014

E. Projection neurons

LPTCs, The Lobula Plate Tangential Cells

VLNPs, The Ventrolateral neuropils
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Summary 1

How the Drosophila eye works?
What is the structure of the visual system in fruit flies?
eye(compound eye), optic lobe, central brain
What do fruit flies see?
color(UV/blue/green) ,based on photoreceptors

How do visual scenes induce appropriate behavior in fruit flies?
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» Visual feature-based behavior of Drosophila
(such as phototaxis and optic flow)



Spatiotemporal features in visual scenes

Visual features

Brightness & Color

Approaching objects Translating objects

Visual scene
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Leesun Ryu, Sung Yong Kim and Anmo J. Kim, 2022



Brightness, color, and phototaxis

> Proc Natl Acad Sci U S A. 1967 Sep;58(3):1112-9. doi: 10.1073/pnas.58.3.1112.

BEHAVIORAL MUTANTS OF Drosophila ISOLATED BY
COUNTERCURRENT DISTRIBUTION
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Benzer was a unique figure who made seminal contributions to physics, molecular biology and behavioural genetics.
» Using bacteriophage T4, he proved that genes are not indivisible units, but are composed of a linear array of
chemical building-blocks, or bases, each of which can be subject to alteration.
» Benzer screened large numbers of flies to discover rare mutants with specific behavioural defects.
(fruitless, per, dunce, Shaker......)

» Benzer built counter-current apparatus for measuring phototaxis
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Wild-type flies were tested for fast phototaxis towards UV or green light

A Test light: Adaption:
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Optic flow detection and optomotor response
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What is optic flow?

Visual feedback from self-motion as perceived by a flying insect

Fly view

Current Opinion in Neurobiology

Alex S Mauss and Alexander Borst, 2020



The steering response of Drosophila to ground motion of varying speeds and
orientations, presented under open-loop conditions
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Other visual feature-based behaviors in Drosophila

1, approaching (looming) visual objects
—avoidance behavior(k 3% %)

2, translating object
—courtship behavior(I% iz i%)

More complex behavior

3, visually-guided spatial navigation

4, visually learning



Summary 1

A Visual scene B Associated brain structures C
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How neural circuits are implemented for major visual
feature-based behaviors in Drosophila?

[>]| visual system and courtship behavior (/% i %)
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Visual system and sexual behavior

Chen Jiangtao
2023/03/02



Courtship steps performed by male Drosophila— Visual system

Olfactory/visual cues
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i
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Schematic illustration of inputs to the courtship command cluster
pC1l/P1

Annika Rings et al. Curr Opin Insect Sci. 2019 Oct



@
/.
-

Sensory information and internal states areintegrated ensuring appropriate action selection— P1

Joint control of Drosophila male courtship behavior by
motion cues and activation of male-specific P1 neurons

Yufeng Pan, Geoffrey W. Meissner, and Bruce 5. Baker'

Janelia Farm Research Campus, Howard Hughes Medical Institute, Ashbumn, VA 20147

Contributed by Bruce 5. Baker, April 29, 2012 (sent for review March 15, 2012)

Sexual behaviors in animals are governed by inputs from multiphe
external sensory modalities. However, how these inputs are inte-
grated to jointly control animal behavior is still poorly understood.
Whereas visual information alone is not sufficient to induce court-
ship behavior in Drosophila melanogaster males, when a subset of
male-spedfic fruitfess (fru) and doublesex (dsx)-expressing neu-
rons that respond to chemosensory cues (P71 neurons) were artifi-
dally activated via a temperature-sensitive cation channel (dTRPA1),
males followed and extended their wing toward moving objects
{even a moving piece of rubber band) intensively. When stationary,
these objects were not courted. Our results indicate that motion
input and activation of P1 neurons are individually necessary, and
under our assay conditions, jointly sufficient to eliat early courtship
behaviors, and provide insights into how courtship decisions are
made via sensory integration.

in the posterior brain, termed Pl newrons (2%), stimulates
courtship when masculinized (29) or activated (23, 25).

Surprisingly, intact males with activated or der circuitry
are able to respond to certain sensory cues from potential mates
and thereby modify their behavior (24), suggesting that some
sensory information may be percieved by non-frufdsrc-dependent
pathways. In particular, courtship in males that are simulta-
neously ™ null and have their dee circuitry activated is largely
dependent on motion cues, as they court a moving female ro-
bustly, but do not court a headless (relatively immaobile ) female
or a moving female in the dark (24). Such a strong dependence
on motion cues 1§ dramatically different from wild-type courtship
in this species (30), but is similar to courtship in many other
imsects such as hoverflies (31) and houseflies (32). Despite the
importance of motion detection for sexual behavior in insects,
little is known about the nearonal pathways involved.

(a)

neural circuits

sensory inputs

Internal states

sleep drive

mating drive

aggression drive

motor output

Schematic illustration of inputs to the courtship command cluster

pC1/P1

Annika Rings et al. Curr Opin Insect Sci. 2019 Oct



Content

L #HEXRBIEPARRFNOTREER? FREIRLECREHBZT?
LC10
2. MREXRMZTSERRBERE PLHZ TR FAEENEENHEEER?

P1 neurons regulate LC10a signalling

3. RIBAXARWETERBHERG D RE LS ZAIEOTIRE? BIBEMTY
oh LB R R SR ?

aDNs, accelerated mating behavior



L #HRBIETARRZNEALFIER? S REBPECRHFZIT?

LC10



Cell

Visual Projection Neurons Mediating Directed
Courtship in Drosophila

Graphical Abstract
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1. Visual Input Mediates Directed Courtship
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2. LC10 Visual Projection Neurons Are Required for Directed Courtship
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3. Activation of LC10 Neurons Elicits Directed Courtship Actions
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4. LC10 Neurons Are Sensitive to Small, Moving Visual Objects
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4. LC10 Neurons Are Sensitive to Small, Moving Visual Objects
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Summary
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Article

Sexual arousal gates visual processing
during Drosophila courtship

https://doi.org/10.1038/541586-021-03714-w
Received: 4 September 2020
Accepted: 9 June 2021
Published online: 7 July 2021
N Check for updates

Tom Hindmarsh Sten', Rufei Li', Adriane Otopalik’ & Vanessa Ruta'”

Long-lasting internal arousal states motivate and pattern ongoing behaviour,
enabling the temporary emergence of innate behavioural programs that serve the
needs of ananimal, such as fighting, feeding, and mating. However, how internal
states shape sensory processing or behaviour remains unclear. In Drosophila, male
flies performalengthy and elaborate courtship ritual thatis triggered by the
activation of sexually dimorphic P1 neurons' *, during which they faithfully follow and
sing to a female®’. Here, by recording from males as they court a virtual ‘female’, we
gaininsightinto how the salience of visual cues is transformed by amale'sinternal
arousal state to give rise to persistent courtship pursuit. The gain of LC10a visual
projection neurons is selectively increased during courtship, enhancing their
sensitivity tomoving targets. A concise network model indicates that visual signalling
through the LC10a circuit, once amplified by P1-mediated arousal, almost fully
specifies amale’s tracking of a female. Furthermore, P1 neuron activity correlates with
ongoing fluctuations in the intensity of a male’s pursuit to continuously tune the gain
of the LC10a pathway. Together, these results reveal how a male’s internal state can
dynamically modulate the propagation of visual signals through a high-fidelity
visuomotor circuit to guide his moment-to-moment performizice of courship.
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1. P1 neurons release and reflect a dynamic state of sexual arousal
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1. P1 neurons release and reflect a dynamic state of sexual arousal
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2. Modulation of LC10a neurons during courtship
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3. P1 neurons regulate LC10a signalling
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3. P1 neurons regulate LC10a signalling

d LC10a-LexA>GCaMP split-P1>CsChrimson e LC10a, pre-stim
3 -
L S
e 0 | e ESN
Lf). ' o STt gl
o LC10a, P1 stim
’ Tracking p \
=
0
1 min
f 1 Pre-stim P1 stim 9 40 Pre-stim P1 stim
@
> 7]
: :
2 5 5 v - T
s2 : .
E STRY S—— & o -
2 min 0 Tracking index 1 0 Tracking index 1

Tom Hindmarsh Sten et al. Nature . 2021 Jul



Summary

1 #RREEIEFRERGENETRZEER? B REIMECRHZIT?

LC102 77 752248 17 K 1B 7740 T X WERE 9. E [ . 16 B IX R BT HE T — B fEHe 50 3K 18 3 77 27 H9 K
WG #HZE T,
LC10 ZZBANFZZIHT. KU TRIEA /A9 B#r, X F BT 108 B IF T M AE AL

2. MREXRMZTSERRBERE PLHZ TR FAEENEENHEEER?

o (o155 LC10a 77 28 T A TR A FE[E [ IE LY BEFR IR A8 7 IR B Jo X W48 54, 17
FIFFLELE B,
PLIEG KB, S ERER T2 BB L, X755
BIKNBITA




3. REBAXMHHSTEREHERES REFENS - SIENTIE?
BB E 1171 o OB I LR SR 7

aDNs, accelerated mating behavior

Q o

(o &) .

|/ \\. +
A AN




1. dsx+ aDNs have sexually dimorphic dendritic input sites
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2. Male, but not female, aDN is a downstream cluster of LC10a
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Density (%/°)

3. Silencing male aDN alters visually guided courtship behavior
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Looming can induce avoidance behavior in animals
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Leader in visual system and avoidance behavior
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Leader in visual system and avoidance behavior
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Visual information alone is sufficient for a fly to determine the direction of an approaching threat

A B jump
angle,a
approach \
angle, 0 \ /

‘N

o

oy \ | .X’ \;.: e

. ,g"lﬂ a _—

(Gwyneth Card & Michael H.
Dickinson. Current Biology, 2008)




What are the neural circuits responsible for avoidance behavior
to approaching (looming) visual objects?

» Do flies choose different ways of avoidance when confronted
with different visual objects?

* When confronted with a fast-approaching object, such as a fly swatter
» When confronted with a slowly approaching object

» Do flies in different behavioral states choose completely
different ways of avoidance?

* Resting or walking flies
* Flies in flight



Flies select between two escape sequences when confronted by a looming stimulus
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The GFs are necessary and sufficient for eliciting short-mode escapes
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LPLC2 visual projection neurons are required for giant fiber (GF)
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LPLCZ2 and LC4 visual projection neurons are directly presynaptic to the GF

Synapse count
I 0 50 100
Lateral GF branch A L { ; ? f~

| S S——

sub-branch 1 -
~¢;:‘-‘?{"‘;’22;‘ / i*: 11';
‘?,‘v "~ ” .

-
¥4 g

sub-branch 2

LPLC2 LC4 Giant Fiber
(108 neurons) (55 neurons) (1 neuron) d
------ » I m -~
$ S 150
v S 100
b
2 50
=
& 0

distal €———) proximal

1366 2442

20 um
synapses sSynapses

VNC

(Jan M. Ache, Gwyneth Card, et al. Current Biology, 2019)



LPLC2 and LC4 provide all primary excitatory input to GF during visual looming
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The GF receives angular-size input from LPLC2 and angular-velocity input from

LC4 during looming
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T4/T5 cells provide direct excitatory inputs to LPLC2 neurons
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When confronted with a fast-approaching object, such as a fly swatter,
resting or walking flies execute a rapid, stereotyped take-off action

M\i e >
escape takeoff (Jan M. Ache, Gwyneth Card,
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Leader in locomotor circuits in Drosophila

Professor Barry Dickson
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Descending neurons for backward walking in Drosophila—the moonwalker
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LC16 is tuned to slower looming speeds
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Lobula columnar 16 (LC16) and moonwalker descending neuron (MDN) cells
trigger backward locomotion during looming
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LC16 neurons activate MDN via excitatory cholinergic input to trigger
backward movement
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DNpO7 and DNp10 contribute to landing responses
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Visual responses of landing DNs are gated by flight
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