








Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The data that support the findings of this study are available from the 
corresponding authors (F.F.L. and D.Y.T.) upon reasonable request.
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Extended Data Fig. 1 | Anatomical inputs to intermediate (TP) and anterior 
(ITr) nodes of the tree shrew ventral pathway. (a) Schematic of injections of 
retrograde tracer CTβ−488 (green) into TP and CTβ-594 (red) into ITr. (b) Coronal 
histological sections showing retrogradely labeled cells projecting to TP (green) 

and ITr (red) and counterstained with DAPI (grey). Representative samples out 
of n = 2 animals. Scale bars: 1 mm / 0.5 mm (insets). Adapted with permission 
from ref. 62, Springer.



Extended Data Fig. 2 | Object responses are largely not accounted by 
low-level features. (a) Examples of the two images with the lowest (left) and 
highest (right) value for horizontality, internal contrast, circularity and area. 
(b) Histogram indicating the average fraction of variance in the firing rate 
explained by various low-level image feature indices. (c) Schematic of 
quantification of luminance and contrast impinging on each receptive field. 
We computed the average luminance and contrast (second derivative of 
luminance) falling inside the ON and OFF receptive fields of each cell, and 
average across the two. (d) Percentage of variance of neural responses explained 

by object stimulus identity in each area. Dark bars correspond to the part of the 
variance accounted for by luminance impinging each receptive field. (e) Same, 
but dark bars correspond to contrast. (f) Representative objects with increasing 
high spatial frequency content from low (leftmost column) to high (rightmost 
column). (g) Power spectrum across groups of images in (a) relative to the 
middle spatial frequency group. (h) Percentage of variance of neural responses 
explained by object stimulus identity in each area, separated into categories 
based on spatial frequency. Object images in panels a, c and f used from ref. 8, 
Springer Nature Limited.
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Extended Data Fig. 3 | Explanatory power of AlexNet and image 
reconstruction. (a) Aggregate explanatory power of the AlexNet layer that 
best explained each given area. (b) Fraction of variance in the firing rates of 
individual cells (dots) explained by different AlexNet layers plotted against the 

fraction of the total explainable variance in that cell (Methods). (c) Aggregate 
explanatory power of AlexNet layer FC6 over different areas. (d) Schematic of 
image reconstruction approach. Images in panel d used from ref. 8, Springer 
Nature Limited.



Extended Data Fig. 4 | Cells selective to different sectors of object space 
with no obvious topographical organization in object space for each area. 
(a) Left: Projections of each TI-ITi cell’s preferred axis onto the first two PCs of 
object space (replicated from Fig. 5b). Right: Raster plots of three representative 
TI-ITi cells from quadrants I, II, and IV indicated by letters; twenty stimuli from 
each quadrant were randomly chosen to generate raster plots. Scale bar: 50 ms. 
Top five preferred images for each cell. (b) Same for ITr. (c) Selectivity of cells in 

each area as a function of recording depth along the Neuropixels probe. In each 
of the six plots, each dot represents one cell, the color of the dots indicates the 
depth at which the cell was recorded (inset, right), and the position of the dot 
indicates the mean projection of the 10 most preferred images onto the first 
two PCs of object space. Object images in panels a and b used from ref. 8, 
Springer Nature Limited.
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Extended Data Fig. 5 | DNN-predicted indices of view invariance are similar 
across all tree shrew ventral visual areas. (a) Schematic showing workflow 
for predicting neuron responses for a new set of stimuli. 1593 images were 
passed through AlexNet (top). Activations in AlexNet layer FC6 were used to 
linearly predict neural responses evoked by each image when shown to the 
animal. This yields a weight matrix W that optimally predicts a neuron’s response 
based on the image features F. Next, the weight matrix is used to predict neuron 
responses to 1224 images consisting of 51 objects at 24 views that were not 
shown to the tree shrew (bottom). (b) Responses of three example cells from 
macaque V2, posterior IT and anterior IT, to 50 objects (columns) each at 24 

different views (rows). Top panel show actual responses, bottom panel shows 
responses predicted from an AlexNet model built from responses to 1593 
images (see Extended Data Fig. 5a). (c) Same as (b) but for predicted responses 
of six example tree shrew neurons from all areas. (d) Histograms of invariance 
indices (Methods) of macaque V2, posterior IT and anterior IT neurons, calculated 
from actual responses (left) and predicted responses (right). Vertical lines 
indicate means. (e) Histograms of invariance indices of predicted responses 
across all tree shrew areas. Object images in panel a used from ref. 8, Springer 
Nature Limited.










