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INTRODUCTION
THE VISUAL SYSTEM IN HUMANS & NON-HUMAN PRIMATES
• "What" aspect of a Visual Object is represented in the Occipito-temporal cortex 

(ventral stream of vision)
• "Maps" representing categories of objects found in the ventral stream of Vision 

in humans and Non-human Primates.
• Shows that neurons have preferred stimuli to which they respond best.

HOW IS THE MOUSE VISUAL SYSTEM ORGANIZED?

• The extent to which the mouse visual system is organized similarly 
to the humans/non-human primates (NHPs) remains a topic of active debate

• How Is the mouse visual system organized? 
• Do "preferred" stimulus maps exist in mice, and how does the mouse process 

visual information?
• What types of image properties do neurons in the lower visual areas in mice 

like? What about in higher visual areas?
• Is there a spatial map in mouse cortex analagous to object maps seen in ventral 

stream cortex in humans/NHPs.

METHODS EXPECTED RESULTS

FUTURE DIRECTIONS

OUR AIM
• To record responses of neurons in ”ventral” areas of the mouse 

brain in response to images shown. 

MEASURING NEURONAL RESPONSES
• GCaMP Calcium indicator used to measure intracellular Calcium 

levels. This is an indicator that the neuron may be responding to 
the image shown. 

• Two-Photon microscopy is used to image and see the neurons 
responding to the images. 

GENETIC ALGORITHM

• We start with Presenting 40 random natural images to the mouse. 
Each image is considered an individual. Each image is also 
associated with a 4096-dimension vector, and each entity in the 
vector is considered a gene. Genes can be recombined with those 
of another image, and can also be mutated.The neuronal spike 
rates to these images is each image’s “fitness.”

• The 10 images producing the larges neuronal response are 
considered to be the fittest and go on to the next generation with no 
mutations and no recombinations. 

• 30 images (“children”) are created as a result of recombinations
between “parent” images, and passed onto the next generation. 
• The “genes” associated with these “children” images have a 

chance of becoming mutated.

• After this zeroth generation, we present 40 of these synthetic 
images, and 40 natural images. 

• When the images ”converge” to a certain pattern, we are able to
see the most optimal image to cause the neuron to spike. This will 
allow us to see exactly what type of image/stimuli characteristics 
cause neurons in the mouse visual cortex to fire best.

• Response to synthetic images are expected to increase 
over time and over the generations since the optimal 
image is being made.

• Response to reference images are expected to 
decrease over time and over the generations because 
the neuron adapts. 

• Explore how spontaneous neural activity may correlate 
to  stimulus preference. 

• Explore whether different genetic algorithms would also 
generate the same optimal image. 

Figure 1: The Occipito-temporal  cortex 
has a “map” representing different visual 
objects. This constitutes the ventral 
stream of vision. Different parts of higher-
order visual areas respond best to 
certain visual stimuli. (Kanle & 
Caramazza, 2013)

Figure 2: The ventral and dorsal streams of 
vision represent different visual information in 
primates. The dorsal stream (blue) deals with 
the position of the object, whereas the ventral 
stream (green) deals with object identification 
(Image: Courtesy Dr. David Ragsdale, McGill 
University)

Figure 4: A representation of the mouse 
visual cortex. Figure h shows the visual 
field sign map, where the colors exist on 
a spectrum between -1 and 1. It is 
calculated by taking the sine of the 
difference between the vertical and 
horizontal retinotopic degrees 
(corresponds to the amount of cortex 
dedicated to a position in visual space) 
for each pixel of the image. Figure i
depicts different patches of the visual 
cortex in mice, and figure j depicts blood 
vessels that form the borders of the 
visual areas in mice (Juavinett et al., 
2016)

Figure 6: The  optimization of 
an image over the 
generations, is expected to 
cause an increase in neural 
spike rates for synthethic
images, but not for control 
(reference) images. Figure 
from Ponce et.al, 2019. 

Figure 3: A hierarchical representation of 
cortical areas responsible for vision in 
humans and non-human primates. The 
ventral stream areas are represented on 
the right (Felleman and Van Essen, 1991)

Figure 5: A hierarchical 
representation of cortical areas 
responsible for vision in mice. 
Ventral stream areas are 
represented on the left (D’Souza et 
al., 2022)

Figure 7:  From the starting image,  
image evolution results in a final evolved 
image, to which  the cell responds the 
most.  Gabor filters are used for edge 
detection, and  to distinguish the edges 
of a feature  preferred by a cell of the 
mouse’s visual system. By the end of the 
evolution, we are  able to see what 
features the cell may like (Tong and 
Trenholm, unpublished)
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