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The visual system of Drosophila

Nériec N, Desplan C. Curr Top Dev Biol. 2016

Adult Drosophila visual system contains ~ 150,000 neurons and glia cells.

Four neuropils form the optic lobe: lamina (la), medulla (me), and  lobula complex (subdivided 
into lobula and the lobula plate neuropils )

VLNPs: ventrolateral neuropils also called optic glomeruli



The visual system of Drosophila

Structure of the Drosophila eye 

Rister, J et al. Development. 2013.
Plazaola-Sasieta H et al. J Neurogenet. 2017



The visual system of Drosophila

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



The visual system of mammals
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Gross anatomy of the human eye 

Bear, M.F., Connors, B.W., & Paradiso, M.A. 2015. 



Organization of the retina
The visual system of mammals

Luo, L. 2020. 
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Retinal inputs to the LGN layers
The visual system of mammals

The LGN of the macaque monkey 

Bear, M.F., Connors, B.W., & Paradiso, M.A. 2015. 

LGN: lateral geniculate nucleus 外侧膝状体



Luo, L. 2020. 

Organization of the visual pathways from the eye to the brain 

The visual system of mammals
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The visual system of mammalsThe primary visual cortex

Bear, M.F., Connors, B.W., & Paradiso, M.A. 2015. 



The visual system of mammalsThe primary visual cortex

Bear, M.F., Connors, B.W., & Paradiso, M.A. 2015. 



Projections from the LGN to the visual cortex 

The visual system of mammals

Bear, M.F., Connors, B.W., & Paradiso, M.A. 2015. 



Functions of the primary visual cortex
The visual system of mammals

1. Orientation selectivity（方位选择性）

Bear, M.F., Connors, B.W., & Paradiso, M.A. 2015. 



Functions of the primary visual cortex
The visual system of mammals

Kandel, E. R., Koester J. D., Mack, S. H., Siegelbaum, S. 2021.

2. Contour integration（轮廓整合）

Factors that contribute to contour saliency 
include the number of contour elements 
(compare the first and second frames), 
the spacing of the elements (third frame), 
and the smoothness of the contour (fourth 
frame) 
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3. Stereopsis and binocular disparity（立体视觉和双眼视差）

Functions of the primary visual cortex
The visual system of mammals

Kandel, E. R., Koester J. D., Mack, S. H., Siegelbaum, S. 2021.



4. Directional selectivity of movement.(运动方向选择性) 

Functions of the primary visual cortex The visual system of mammals

Kandel, E. R., Koester J. D., Mack, S. H., Siegelbaum, S. 2021.



Comparison of visual system system between flies and mammals

Sanes, J. R., & Zipursky, S. L. 2010. 



http://connectivity.brain-map.org



Take home message

1. The visual pathway of mammals
Retinal-LGN-V1

2. Functions of the primary visual cortex
Orientation selectivity
Contour integration
Stereopsis and binocular disparity
Directional selectivity of movement
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Early experience affects visual cortex development and function
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Retinal ganglion cells

Binocular vision:  compute the distances of objects

Bryan M. Hooks, el ta. Neuron. 2020



Experience-dependent plasticity

J. Sebastian Espinosa, el ta. Neuron. 2012

BV：binocular vision
MD：monocular deprivation



What happens in the visual circuitry during the critical period ?

What impact does visual experience have on the development of the visual circuitry ?



Joshua Trachtenberg

UCLA

• Examines the cellular and synaptic mechanisms of experience-dependent plasticity in the neocortex



Figure 1. Binocular Field Mapping and Receptive Field Tuning

Liming Tan, el ta. Neuron. 2022



Liming Tan, el ta. Neuron. 2022

Figure 2. Longitudinal Tracking of Receptive Field Tuning Properties



Figure 3. Poorly Tuned Binocular Neurons Lose Responsiveness to One Eye and Become Monocular

Liming Tan, el ta. Neuron. 2022



Figure 4. Sharply Tuned Monocular Neurons Gain Matched Responses from the Other Eye and Become Binocular

Liming Tan, el ta. Neuron. 2022



Figure 5. Vision Is Necessary for Conversion of Sharply Tuned Monocular Neurons into Binocular Neurons

Liming Tan, el ta. Neuron. 2022



Summary

Liming Tan, el ta. Neuron. 2022



what other early experiences can affect visual cortex development and function ?

• Mismatch in multisensory integration
• Visuomotor uncoupling
• … …



Figure 1. Prism-Induced Cortical Depression in V1B and V1M

Kohei Yoshitake, el ta. Cell Reports. 2013



Kohei Yoshitake, el ta. Cell Reports. 2013

Figure 4. Retinotopic Map Shifts in V1 after Prism Wearing



Kohei Yoshitake, el ta. Cell Reports. 2013

Figure 2. Effects of Whisker Trimming on Prism-Induced Cortical Depression

Figure S2



Figure 1. Mismatch Responses in Excitatory Neurons Depend on Visuomotor Experience

Alexander Attinger, el ta. Cell. 2017



Figure 4 

Alexander Attinger, el ta. Cell. 2017

The mismatch reponse in PV interneurons was strongly experience dependent 



Figure 7. Normal Visuomotor Experience Restores Normal Visuomotor Integration

Alexander Attinger, el ta. Cell. 2017



Take home message

u Turnover between binocular and monocular cell groups happens during critical period

• Poorly tuned binocular neurons lose weaker eye responsiveness and become monocular

• Sharply tuned monocular neurons gain matched responses from the other eye and become binocular  

(visual experience dependent)

u Normal multisensory integration and visuomotor experience affect visual cortex development and function
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Disorders associated with visual cortex dysfunction

Wenyue GUAN



Disorders associated with visual cortex dysfunction--Autism Spectrum Disorder



ASD   VS Control

Cortex-wide transcriptomic dysregulation in ASD, with greatest differences in primary visual cortex 

Gandal and Geschwind, Nature 2022



Attenuation of transcriptomic regional identity in ASD, with stronger attenuation in primary visual cortex 

Gandal and Geschwind, Nature 2022



Binocular convergence and binocular rivalry perceptual transition were significantly impaired in ASD

Milne et al 2009；Choi and Robertson 2023



Wu et al., Neuroscience Bulletin 2023

Visual cortical dysfunction in animal models of depression 

ECMS, early-life chronic mild stress 

combined Magnetic Stimulation System Treatment



Lu et al., iScience. 2022

Magnetoelectric stimulation in visual cortex ameliorates depression via ABCA1/ApoA1 associated regulation of 
synaptic plasticity 

CUMS: Chronic Unpredictable Mild Stress
SPT, sucrose preference test 
FST, forced swim test
TST, tail suspension test
OFT, open field test 
SPIO, superparamagnetic iron oxide
cMSS: combined Magnetic Stimulation System 

Apolipoprotein A-1（ApoA1）
ATP-binding cassette transporter A1 (ABCA1)



Huang et al., Neuron. 2019; Lu and Guo, Molecular Psychiatry 2022

Visual circuit-Potential target antidepressant therapy 

entorhinal cortex layer Va neurons to the medial portion 
of secondary visual cortex (Ent→V2M) 

Improvement of depression-like behavior with 
Light therapy: through changing synaptic 
connection between retina and lateral habenula 

Regulates depression-like behaviors bidirectionally 



Wu et al., Neuroscience Bulletin 2023

Visual cortical structure and function abnormalities in depressed patients 

(task-Related fMRI (t-fMRI) 

structural Magnetic Resonance Imaging (sMRI) resting-state Functional Magnetic Resonance Imaging (rs-fMRI) 

Cerebral Blood Flow

FC, functional connectivity 

grey matter volume 



Visual cortex -- a novel target for clinical stimulation therapy

Zhang et al., Science China. 2021

repetitive Transcranial Magnetic Stimulation (rTMS)

Chronic treatment course:4-10 weeks
Adverse effects: headache, skin redness, tinnitus, 
nervousness
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