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Flies have robust representation of spatial location and direction.
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Flies have robust representation of spatial location and direction.
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Video from https://www.nature.com/articles/nature10131




Scientists have already reconstructed the whole brain of drosophila, with genetic
access to each single neuron

Visual

Video from https://www.janelia.org/project-team/flyem/hemibrain



Anatomy
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Architecture of the insect central complex (CX)




Architecture of the insect central complex (CX)
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Architecture of the insect central complex (CX)
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Architecture of the insect central complex (CX)
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CX activity accurately tracks azimuth of visual cue

=188 t=333s t=38.1s t=43.4s t=60.0s t=113.4s

OO
o a7 ] . 1

0,
Y AFIF PY:"d Mmoo BRI NN ¥ SRR 1
900 amplitude 0
} b4 | } %AF/F
600 Wedge 16 \I3oo
300  wWedge 9 & s
0 | 100
Wedge 1 L L L. L L 0
%AF/F 0 20 40 60 80 100 120
250 =
200 i —_— PYA estimate N
150 o ‘Vlsual cue position
100 £
50 =
o g
]

80 100 120 140 13
Time (s)



CX activity accurately tracks azimuth of visual cue
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CX activity accurately tracks azimuth of visual cue




The heading anale encoding is maintained by two aroups of neuron: E-PG and P-
EN

Ellipsoid
body
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The heading angle encoding is maintained by two groups of neuron: E-PG and P-
EN

d E-PG > GCaMP6m & P-EN1 > GCaMP6m
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The heading angle encoding persist in total darkness
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a P-ENi> E-PG> Rotation I P-EN1> E-PG> Rotation
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P-ENs (turning neuron) are tuned to the fly’s angular velocity
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Example: turning right
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Ellipsoid body
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Ellipsoid body
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Ellipsoid body
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Protocerebral
Bridge
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Checkout the Matlab demo

Iteration 1970: Peak 0.884 at 67.75 Width=21 Inhib=0.091
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Quick summary

compass neuron turning neuron

P-EN

* Encode the heading direction * Encode the angular velocity
* 46 cells * Mirror-symmetrically encoding
» 42 cells

* One ellipsoid sector offset to its counterparts
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Protocerebral bridge
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The bump of the fan-shaped body sometimes followed the head direction,

sometimes don’t
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The bump of the fan-shaped body sometimes followed the head direction,
sometimes don’t oo i e
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hAB neurons signal the allocentric travelling direction

Static starfield
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hAB neurons signal the allocentric travelling direction ,
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direction

Allocentric
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angle
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We need egocentric travelling direction

Allocentric heading input

Egocentric traveling (optic flow) input
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PFNd and PFNv cells receive allocentric heading signhal and egocentric travelling
signals
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PFNd and PFNv cells receive allocentric heading signal
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PFNd and PFNv cells receive allocentric heading signhal and egocentric travelling
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PFNd and PFNv cells receive allocentric egocentric travelling signals

+45° and +135° physiological offsets
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PFNd and PFNv cells receive allocentric egocentric travelling signals
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PFNd and PFNv cells receive allocentric egocentric travelling signals
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PFNd and PFNv cells build the travelling direction signal in hAB cells

Allocentric heading

EPG ¥ Bridge ¥

f_.f--;-T.‘ | ‘ By
JTT77) AN <
: | A 1 "L
15' B I, L ;l
PFN - PEN \ - f
naB A 4 Fan- YIRS
Noduli % & shaped R @
4 % body

Egocentric travelling

o Inputs to cell
e Outputs from cell




PFNd and PFNv cells build the travelling direction signal in hAB cells
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PFNd and PFNv cells build the travelling direction signal in hAB cells
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Perturbations validated the model
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Quick summary

. : C . .
Travelling Travelling Travelling Travelling forward
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Anime example
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Quick summary

Egocentric traveling Allocentric heading

INO| & SpsP EPG and A7
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One more thing...

PFNd cells

PFNyv cells
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dendrites
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A7 cell
Wolff et al. (2015)

A7
dendrites
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PFNd cells
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PFNyv cells
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Story so far so good?
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Story so far so good?

Egocentric motor signals
Higher order control signals

vector
0 calculator

East North \West I /
South & East

compass

Egocentric visual signals

Allocentric spatial-cognition signals
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EPG>GCaMP or FC2>GCaMP
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Heading angle Goal angle?
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Both EPG and FC2 neurons show phase-like activity related to bar position
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EPG shows phase change after rotation, while FC2 doesn’t
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FC2 neurons express a stable activity bump in the fan-shaped body during virtual
rotations
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Stimulating FC2 neurons induces flies to orient along defined goal angle
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comparison circuit

/ FC2 bump
Goal angle

EPG bump
Heading angle

'. Error

®
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Anatomy of PFL3 cells could support heading vs. goal comparison

PF-L3

* Receive heading signal from EPG in PB
» Receive goal signal from FC2 in FB

« Send signal to either left or right LAL
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Anatomy of PFL3 cells could support heading vs. goal comparison

PFL3 cells

Left LAL
Left-turn

premotor
neurens

Right LAL
Right-tum
premotor
neurons

Fan-shaped
body
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Anatomy of PFL3 cells could support heading vs. goal comparison

PFL3 cell
heading angle S

(EPG cells)

Left LAL Right LAL
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goal angle
(FC2 cells)
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Anatomy of PFL3 cells could support heading vs. goal comparison

Right PFL3 cells
Left PFL3 cells

heading angle
(EPG cells)

Left LAL Right LAL
Left-turn Right-turn

premotor premotor
neurens neurons
goal angle

(FC2 cells)
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PFL3 cells show conjunctive tuning to heading and goal angle

Left
PFL3

Vm (mV)

Cell 8
—40 - /\’ ]\V - 70
-80 - -0
Cell 21
—40 - —-70
Cell 17
—40 - —-70
-80 - J\‘ o)
I | | 1
Q N S O Q
;\‘b '\‘b ;\‘b NS

Heading (°) Heading (°)

Spike rate (Hz)

Left
PFL3 g Cell 12 Cell 1 Cell 17
Goal Preferred

angle ,rheading 1 f 1‘ % 1\
Jda A ] e A

Heading aligned to preferred direction (°)

71



PFL3 cells show conjunctive tuning to heading and goal angle

Largest magnitude: Reduced magnitude:
50-70 ° in the respective direction opposite direction
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Difference of PFL3 activity in LAL correlates with turning velocity of the fly
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Difference of PFL3 activity in LAL correlates with turning velocity of the fly
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Quick summary
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Final quiz: name it!



Conclusion

Egocentric motor signals
Higher order control signals
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Still unknown

Challenge 1: Can we generalize our finding from 2d plane to the 3d space?
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Still unknown

Challenge 2: What happens to other cell subtypes?

Y. s

/ /"’r' .

S ox O
& B
s SR
-/“ A

olecularly different
orphologically different

onnectionally different

79



80



References:

Seeling and Jayaraman. 2015 Nature
https://www.nature.com/articles/nature 14446

Green, ..., Maimon. 2017 Nature
https://www.nature.com/articles/nature22343

Lyu, ..., Maimon. 2021 Nature
https://www.nature.com/articles/s41586-021-04067-0

Pires, ..., Maimon. 2024 Nature
https://www.nature.com/articles/s41586-023-07006-3

Helpful youtube talks:

Vivek Jayaraman - Navigational attractor dynamics in the Drosophila brain (Cosyne 2018)
https://www.youtube.com/watch?v=TtGbJIKMyok

Chen Institute Symposium 2021 - Larry Abbott and Gaby Maimon
https://www.youtube.com/watch?v=mQc1sNumTp8

Cosyne 2025 - Session 12: Sensorimotor transformations and Closing Remarks

https://www.youtube.com/watch?v=3yeQjl9M3Gc o



https://www.nature.com/articles/nature14446
https://www.nature.com/articles/nature22343
https://www.nature.com/articles/s41586-021-04067-0
https://www.nature.com/articles/s41586-021-04067-0
https://www.nature.com/articles/s41586-021-04067-0
https://www.nature.com/articles/s41586-021-04067-0
https://www.nature.com/articles/s41586-021-04067-0
https://www.nature.com/articles/s41586-021-04067-0
https://www.nature.com/articles/s41586-021-04067-0
https://www.nature.com/articles/s41586-023-07006-3
https://www.nature.com/articles/s41586-023-07006-3
https://www.nature.com/articles/s41586-023-07006-3
https://www.nature.com/articles/s41586-023-07006-3
https://www.nature.com/articles/s41586-023-07006-3
https://www.nature.com/articles/s41586-023-07006-3
https://www.nature.com/articles/s41586-023-07006-3
https://www.youtube.com/watch?v=TtGbJlKMyok
https://www.youtube.com/watch?v=mQc1sNumTp8
https://www.youtube.com/watch?v=3yeQjl9M3Gc

	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
	Slide 58
	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
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81

