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A little bit of history.

T

Charles W. Woodworth (USA)
Entomologist
(April 28, 1865 — November 19, 1940)

* William Ernest Castle (USA)
Embryologist and geneticist
(October 25, 1867 — June 3, 1962)

Thomas Hunt Morgan (USA)
evolutionary biologist, geneticist and embryologist
(September 25, 1866 — December 4, 1945)

The Nobel Prize in Physiology or Medicine 1933 was awarded to Thomas H. Morgan
"for his discoveries concerning the role played by the chromosome in heredity".




Why Drosophila?
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http://www.theflyroom.com/

Fly Food Ingredients Amounts (ml or g)

Water 1000 mil

Yeast (dry) 20 g

Agar 10 g <<
Sucrose 40 g

Cormn Flour 659 )

Fropionic acid 4.4 ml

10 % Nipagin in 95% EtOH 14 mi

The life cycle
The life cy
http://drosophiladrawings.blogspot.de/



But, what about behavior?

THE REACTIONS OF THE POMACE FLY [(DROS-
OPHILA AWPELOPHILA LOEWY TO LIGHT,
GRAVITY, AND MECHANICAL
STIMULATION.

FREDERIC W, CARPENTER,

The American Naturalist, Mar., 1905, pp. 157-171

n

s

THE REACTIONS TO LIGHT AND TO GRAVITY IN
DROSOPHILA AND ITS MUTANTS

ROBERT STANLEY McEWEN
Columbia University, New Yeork City

J. Exptl. Zool., 1918, 49-106.




The father of Neurogenetics

Seymour Benzer
Physicist, molecular biologist and behavioral geneticist
(October 15, 1921 — November 30, 2007)

OPEN @ ACCESS Freely available online PLOS sioLoGy

| Obitvwary .
Seymour Benzer 1921-2007

The Man Who Took Us from Genes to Behaviour

William A. Harris

Jerry Hirsch
Behavioral geneticist
(September 20, 1922 — May 3, 2008)




BEHAVIORAL MUTANTS OF DROSOPHILA ISOLATED BY
COUNTERCURRENT DISTRIBUTION

By SEYMoURrR BENZER

DIVISION OF BIOLOGY, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA

Communicated June 28, 1967
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Clock Mutants of Drosophila melanogaster

(eclosion/circadian/rhythms/X chromosome)

RONALD J. KONOPKA AND SEYMOUR BENZER

Division of Biology, California Institute of Technology, Pasadena, Calif. 91109

Contributed by Seymour Benzer, July 2, 1971

period

A. A.
normal normal
20
TaBLE 1. Free-running period of locomotor activity
10 Genotype
First X Second X
0 chromosome chromosome N Period = SD Phenot
ype
D. _ normal (C-S) normal (FM7) 4 24.4+ 0.5 normal
long - period 30 B. arrhythmic arrhythmic 4 arrhythmic arrhythmic
_30f 60 ~ arrhythmic short-period  short-period 5 19.5-+ 0.4 short-period
E , C long-period long-period 4 28.6+ 0.5 long-period
hort- period arrhythmic normal (FM7) 8 25.24+ 0.4 ~ normal
by | short-period normal (FM 7) 5 21.9+ 0.4 intermediate
a long-period normal (FM7) 5 25.5+0.5 ~ normal
a | short-period arrhythmie 6 19.5-+ 0.4 short-period
=10 Y long-period  arrhythmic 5 30.6= 1.3 long-period
short-period long-period 6 22.9+0.4 ~ normal
OF T T T 0Ol I I
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Drosophila as a model for neurodegenerative diseases

Neuron, Vol. 10, 839-850, May, 1993, Copyright © 1993 by Cell Press

Defective Glia in the Drosophila Brain
Degeneration Mutant drop-dead

Robert L. Buchanan and Seymour Benzer
California Institute of Technology
Division of Biology

Pasadena, California 91125

Spongecake and eggroll: two hereditary diseases in Drosophila
resemble patterns of human brain degeneration
Kyung-Tai Min and Seymour Benzer

Current Biology 1997, 7:885-888
http://biomednet.com/elecref/0960982200700885



Drosophila as a model for neurodegenerative diseases

1) To model human diseases.

Mature. 2000 Mar 23;404(6776):394-8.

A Drosophila model of Parkinson's disease.
Feany MB', Bender Ww.

J Vis Exp. 2014 Aug 17;(90). doi: 10.3791/51625.

Methods to characterize spontaneous and startle-induced locomotion in a rotenone-induced Parkinson's
disease model of Drosophila.

Liao J7. morin Lw!, Ahmad ST2.

2) To find genes involved in neurodegeneration or diseases.

FLoS One. 2008 Oct 8:3(10):e3332. doi: 10.1371/journal_pone 0003332,

A functional misexpression screen uncovers a role for enabled in progressive neurodegeneration.
Rezaval ¢, Berni J, Gorostiza EA, Werbajh S, Fagilde MM, Fernandez MP, Beckwith EJ, Aranovich EJ, Sabio y Garcia CA, Ceriani MF.

3) To find modulators, interacting genes or treatments related to diseases.
MNeuroscience. 2015 Mar 6. pii: S0306-4522(15)00207-9. doi: 10.1016/.neuroscience. 2015.02.048. [Epub ahead of print]

Attenuation of Neuromotor Deficits by Natural Antioxidants of Decalepis hamiltonii in
Transgenic Drosophila Model of Parkinson's Disease.

Jahromi SR! Haddadi M2, Shivanandappa T!, Ramesh SR3.




Again, why Drosophila?
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A systematic analysis of human disease-associated gene sequences in Drosophila melanogaster.
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Again, why Drosophila?

Schmidt I. et al, The Journal of

Neuroscience, 2012

L1: 10000 neurons

L3 ™
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primary neurons
neuroblasts
B secondary neurons

S o) ~20 % of the Drosophila larval CNS
S Qs w’ July 30th, 2014

Y i
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Cardona lab 37%  Sprecher lab 4% Samuel lab 2%
Pankratz lab 14%  Truman lab 4%  Stern lab 2%
Landgraf lab 7%  Doe lab 3% Zlatic lab 1%
Nose lab 6% Reichert lab 3% Klimbt, Grueber,
Louis lab 5% Gerber lab 2% Martin Blanco,
Hartenstein lab 5% Thum lab 2% Shen, Bock < 2%

Shafer OT, Taghert PH, PLoS ONE, 2009

L1: 3 million synapses estimated

http://albert.rierol.net/lab.html

100000 neurons




Metamorphosis: new body, new neurons, new behaviors

ocelli

il S

Cryptochrome Visual system

medulla
lamina

André Klarsfeld et al., The Journal of Neuroscience 2011

C. Helfrich-Forster et al., The Journal of Comparative Neurology 2007



Drosophila’s toolbox




Genetic tools: balancers

fruitless

v Sex determination
v" Development structures necessary for
courtship:

O
O

Muscle development
Neurons

v' Aggressive behavior
v" Male courtship behavior:

O

wing vibration
song production
mating

etc.

o Image T. Nojima

o P




Genetic tools: balancers
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a) Paracentric inversion

(does not include centromere)

hb* + hb* +
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Dead Contributes Dead

to next
generation

b) Pericentric inversion
(includes centromere)



Genetic tools: balancers

Serrate *" (Ser)

mut1/Cy GFP 3. ._o
mut2 / Ser GFP Ser

mut1
2
W mut1
mut1 / mut1 Zut2
mut2 /mut2 3 ..c

SISININININ/A

chromosome 2
F1 muti . GFP Cy

chromosome 3

mut2

GFP Ser

w mut2 / mut2
AN :
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mut2
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Genetic tools: transgenic flies

Figure 2-18
Introduction to Genetic Analysis, Tenth Edition
© 2012 W. H. Freeman and Company

Drosophila transgenesis: white+ transgene DNA (red) is injected into
generation zero Drosophila embryos (GO) of less than 1 hour old, which
have been obtained from a parental (P) generation.

white /white Transgene carrying
* Syncytium  white” transgene

GO0 embryo 550000005y *
o
oo ..% <1----.::::::::::::
2o o>
200000000°
* Pole cell budding
5000000
g0° °oo
o (0
Qo o @
200000000°%

* Cellularization

3.

white”/white™

white™/white™
G1

white*

Koen J. T. et al, Development 2007



Genetic tools: transgenic flies
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Demir E. & Dickson B, Cell 2005



Genetic tools: GAL4/UAS and other tools

Enhancar-trap GAL4 UAS—gena X

< Galgo

Promoter : UAS Gen X \/\

GAL4
Genomic ___[Famee
= enhancer nG'q'L‘ I
Tissue-specific expression Transcriptional activation
af GALS of gene X

/\ !q a.{;v o Wrat Have We doNe WronNg? Nature Reviews | Genetics
= y . N - ;1 / / . ) ; . &
7 3

Actin : UAS

Fater: MotHer:
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SON: actIN-GaLt/ UAS-GFP



Genetic tools: GAL4/UAS and other tools

Neuronal inhibition and activation
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Genetic tools: GAL4/UAS and other tools

A Classical Genetic Screen

3. Map Genes Responsible
For Deficit

i Mutagen{is _— \

Animals with

Genome ‘ Behavioral

Deficits
2. Behavioral Screen

B Neurotrapping Screen

) ) 3. Map Neurons Responsible
1. Manipulation of For Deficit

Neuronal A{ivity — \

Animals with

Nervous :
SUSter Behavioral
¥ Deficits

2. Behavioral Screen

JAABA: interactive
machine learning for
automatic annotation of
animal behavior

Mayank Kabral>%, Alice A Robiel-4,
Marta Rivera-Albal2, Steven Branson! &
Kristin Branson!

GAL4 collection + UAS-dTrpA1



Genetic tools: GAL4/UAS and other tools

Input trajectory JAABA machinery 0.0.8 jiabel
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enetic tools: GAL4/UAS and other tools

Important
Error FN
d
Walk 1.8% 3.6%
Crabwalk 25% 3.7%
Chase 0.6% 1.2%
Stop 0.4% 0.6%
Back up 5.6% 11.1%
Jump 0.0% 0.0%
Attempted 4 50, 5%
copulation
@ :
2 | Copulation 2.2% 4.4%
[

Wing . -
St 4.3% 85%
Wing 2.9% 2.7%
grooming
Wing 1.1% 1.5%
extension

Righting 0.8% 1.4%

Center pivot 0.9% 1.7%

Tail pivot 22% 3.9%

Touch 25% 5.0%

FP
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Total
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Genetic tools: GAL4/UAS and other tools Science

Optogenetics: Channelrodopsin & others

UAS-ChR2
UAS-ReaChR
UAS-Chrimson
UAS-Chronos

Advances in Neuroscience Methods

Proboscis extension reflex

—— Chrimson
—&— VChR1
Chronos

—A— ChR2

TsChR

Normalized cumulative charge

400 500 600 700

Wavelength (nm) sugar-sensing gustatory receptor neurons (GRNs)



Genetic tools: GAL4/UAS and other tools

Mushroom body output neurons encode
valence and guide memory-based action
selection in Drosophila A B v
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Genetic tools: GAL4/UAS and other tools

Calcium activity sensors: GCaMP

calcium
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Chiappe M.E. et al, Current Biology 2010






Behavioral paradigms: Taxis

Phototaxis

Geotaxis

“You know, I'm very attracted to you."



Behavioral paradigms: geotaxis

—removable lid

individual geotaxis tubes *

LA LA




Behavioral paradigms: phototaxis

AN AA.

Lower frame  Upper frame

B large spectrograph
b R? y - . o~ Q." "
= y.p R8p R1-6 3 5707 == 6008
% iy 1

&

w

@ Rhé counter-current

s Rh3.Rh4 Rh5 A1 apparatus

©300] 400] 500 |[600nm

ﬁ ﬂ &0 50cm ol o Otsuna H. et al, Front. Neural Circuits, 2014



Behavioral paradigms: phototaxis

Single fly assay Population assay

entrance
tube
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Los X elevator
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Behavioral paradigms: phototaxis

Interrupter ~ 15-pin _,
Modul Calibra’t)ion connector @ B C
odule resistors A
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board 3!
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Behavioral paradigms: circadian rhythms & sleep

Infra-red light C : v ">, o | 00 TE -1 ol {
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Behavioral paradigms: circadian rhythms & slee

pERK
PER
PERK

e il

Preparation of the arena Sleep analysis Data analysis

&y FY % ) % E\ T
>, o, , \ P,

Add food Add flies Baseline sleep Sleep deprivation Recovery Clean arena
2-3d 3-24h 1-3d
Steps 3-6  Steps 7-9 Steps 13-27 Step 28 Step 29 Steps 30-33 Steps 34-49

=




Behavioral paradigms: gap

Motor coordination

Goal-directed actions




Behavioral paradigms: courtship

a Orienting b Tapping € 'Singing

Female fly

d Licking @ Attempting copulation f Copulation

Nature Reviews | Genetics
Pheromones
Olfactory input Gustatory input
(OSNs) (GRNs)
¢ ¢ Pheromones
Olfactory Gustatory
representation representation
(antennal lobe) (SOG)
Statistical Decision variable
knowledge | — (protocerebrum?)

(mushroom body)
A Jr

Action selection
(protocerebrum?)
Prediction l Courtship song

error
Song production

(mesothoracic J

ganglion)

N

No mating Mating

(tr

Pheromones Courtship song

Offactory input Auditory input
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Olfactory Auditory
representation representation
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Behavioral paradigms: aggression

C Camcorder

CCD sensor,
640 x 480 pixel

— Transparent lid

‘ Reflector
\ Ring light
1 bulb

~300 mm
- 28 -+

2 ‘
" il ‘ Fluon-coated
l (e J walls
Arena 1| | Arena 2

Bl [ = Food patch

X 1.5, _40/50 |7, 40/50 [1.5

90 |
178 mm l

Tachykinin-expressing neurons



Behavioral paradigms: Buridan

3min trajectory
CS female fly,
narrow stripes

o : absolute angle
B : stripe deviation
v : turning angle

fluorescent bulbs

area for walk counts

area for walk counts

——
platform: @=117mm :
Computer running the

arena: @=293mm BuriTrack software

Wide Strip

Transition plots
A Computer-generated data C CS: 11° stripes B Cs: endogenous locomotion D  CS: tripes

@ & 3




Behavioral paradigms: Buridan
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Colomb J and Brembs B, F1000Research 2014
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Behavioral paradigms: detour & visual place learning
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Behavioral paradigms: olfactory learning

R58E02

R48B04

R15A04

0.8 -

To Vacuum

BR58E02/+

o ¥ ERS8E02UAS-
TrpA1
b QUAS-TrpA 1/

OR48B04/+

4 BR48B04/UAS-
TrpA1
1 DUAS-TrpA1/4+

QOR15A04/+

0.6 - DR15A04/UAS

-0.4

-TrpA1
. QUAS-TrpA1/H+

aacy

LT™M (LI T LTM (LI)

LTM (LI}

0.6 4
0.4 -
0.2 -

0.2 1
0.4 A

0.8
0.6 1
0.4 4
0.2 4

0.2 1
0.4 A

0.8 -
0.6 -
0.4 A
0.2 -

0 4
-0.2 +

BR58E02/+

BR58E02/UAS-
TrpA1
DOUAS-TrpA1/+

OR48B04/+
BR48BO4/UAS-
TrpA1
DUAS-TrpA1/+
ns

—F

OR15A04/+

BR15A04/UAS-
TrpA1

BUAS-TrpA1/+

-0.4 -

3

Appetitive memory (LI}

o
o

0.6

©o ©
N A

o

9 12 15 18 21
-0.2 Time (hrs)

sl R48B04/UAS-TrpA1
s {== R15A04/UAS-TrpA1
e R58E02/UAS-TrpA1

K oct
g
@
0.6 1 2M Sucrose
0.5 - 2min
3 0.4 1 ns
S 0.3 1
= o s
n 0.2
0.1 - i
0 +
0.1 1
-0.2 -
BRS5BE02/UAS-Shi  BIR58E02/+
BR48B04/UAS-Shi  OR48B04/+
OR15A04/UAS-Shi  OIR15A04/+

WUAS-Shi/+

0.6

0.5

i 0.4

E o2
E o
0.1

0

-0.1

-0.2

C

c f

8
P 2M Sucrose H

1 0 24hrs
1 ns

& E

WR58E02/UAS-Shi BR58E02/+
@R48B04/UAS-Shi TOR48B04/+
BR15A04/UAS-Shi OR15A04/+
BUAS-Shi/+



Behavioral paradigms: visual learning
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Behavioral paradigms: flight simulator
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Compound training: colours + patterns
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