
Navigation system of 

drosophila
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menotaxis

Flies have robust representation of spatial location and direction.
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Flies have robust representation of spatial location and direction.

Video from https://www.nature.com/articles/nature10131
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Scientists have already reconstructed the whole brain of drosophila, with genetic 

access to each single neuron

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

~3,000 neurons

~139,000 neurons
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Anatomy
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Video from https://www.janelia.org/project-team/flyem/hemibrain
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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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Architecture of the insect central complex (CX)

cell body

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

Video from https://www.nature.com/articles/nmeth.1468
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CX activity accurately tracks azimuth of visual cue

Video from https://www.nature.com/articles/nature22343
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The heading angle encoding is maintained by two groups of neuron: E-PG and P-

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

EN
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The heading angle encoding persist in total darkness

Video from https://www.nature.com/articles/nmeth.1468
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How does this happen?
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P-ENs (turning neuron) are tuned to the fly’s angular velocity

mirror-symmetrically encode the fly’s angular velocity
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Example: turning right
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Checkout the Matlab demo
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Quick summary

compass neuron turning neuron

• Encode the heading direction

• 46 cells

• Encode the angular velocity

• Mirror-symmetrically encoding

• 42 cells

• One ellipsoid sector offset to its counterparts
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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 

PFR not h∆B 

but basically 

the same 

Video from https://www.nature.com/articles/s41586-021-04067-0
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h∆B neurons signal the allocentric travelling direction
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h∆B neurons signal the allocentric travelling direction
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How does this happen?
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We need egocentric travelling direction
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PFNd and PFNv cells receive allocentric heading signal 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 signal
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PFNd and PFNv cells receive allocentric heading signal and egocentric travelling 

signals
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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 receive allocentric egocentric travelling signals
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PFNd and PFNv cells build the travelling direction signal in h∆B cells
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PFNd and PFNv cells build the travelling direction signal in h∆B cells
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PFNd and PFNv cells build the travelling direction signal in h∆B cells
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Perturbations validated the model
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Quick summary
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Anime example
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Quick summary
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One more thing…
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Story so far so good?
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Story so far so good?

Allocentric spatial-cognition signals

Egocentric visual signals

Egocentric motor signals
Higher order control signals
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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

How does this happen?
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• Receive heading signal from EPG in PB

• Receive goal signal from FC2 in FB

• Send signal to either left or right LAL 

PF-L3

Anatomy of PFL3 cells could support heading vs. goal comparison
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Anatomy of PFL3 cells could support heading vs. goal comparison
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Anatomy of PFL3 cells could support heading vs. goal comparison
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Anatomy of PFL3 cells could support heading vs. goal comparison
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PFL3 cells show conjunctive tuning to heading and goal angle
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Largest magnitude:

50-70 ° in the respective direction
Reduced magnitude:

opposite direction 

PFL3 cells show conjunctive tuning to heading and goal angle
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Left-to-Right LAL activity difference

Turning velocity

PFL3 axon terminals in LAL

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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PF-L3 neuron
Steering signal

Quick summary
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Final quiz: name it!

1 2 3 4

5 6

10

11
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Conclusion

Allocentric spatial-cognition signals

Egocentric visual signals

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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Challenge 2: What happens to other cell subtypes?

• Molecularly different

• Morphologically different

• Connectionally different

Still unknown
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