
The spatial locality of gene expression is defined for each gene as follows: 
 
 
 
 
Several common distance formulas were modified in order to take into account the locality 
of gene expression: 
 
 
 
 
We also developed several distance measures based on quantization of expression values: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

distance as average locality of coexpressed genes 
+ 

agglomerative clustering with neighbor-joining measure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

/ƻǊǊŜƭŀǘƛƻƴ ƳŀǇǎ 

While substantial quality control measures were employed in the creation of the ABA, it 

remains possible that data for individual genes contain artifacts or other problems that result in 

poor reproducibility. For example, tissue folding, dust, or air bubbles on slides could potentially 

give rise to incorrect determination of expressing cells, or particular genes or probes may simply 

produce highly variable results. For this study, we sought to use a suitably large set of genes while 

maintaining at least some control over the quality of the individual data volumes (e.g. how 

representative a particular expression volume is of the population). [3] 

The list of genes 

considered in further 

analysis can be filtered by 

the values of statistical 

characteristics, such as 

statistical moments, 

correlation coefficient 

between datasets for the 

same gene, total volume 

of regions with 

identified expression. 
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Estimating the genetic complexity of brain regions by gene expression data analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Voxels are plotted in coordinates of average gene expression locality by the number of 
expressed genes. Brain regions are color coded by the Allen Reference Atlas colormap. We 

suppose that earlier evolutionary origin of anatomical structures corresponds to lower spatial 
locality values and to smaller number of expressing  genes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Understanding the structural basis of nervous system still remains one of the primary 

challenges in neuroscience. New perspectives for the studies of brain anatomy are emerging 

with the availability of large-scale spatial gene expression data. Exploration of these data 

promises to deliver new insights into the understanding of relations between genes and brain 

structure. 

We performed an analysis of the gene expression for more than 4, 000 genes in the mouse 

brain with the spatial resolution of 200 µm. These data are freely available from the Allen Brain 

Atlas [1] project (AGEA, http://brain-map.org/AGEA). After data filtering and scaling, distance 

matrices between all brain voxels (volumetric pixels) were calculated for a number of common 

distance measures. We also proposed and utilized a novel distance measure based on the 

locality of gene expression. Then the brain volume was hierarchically clustered with a variety of 

techniques [2]. In order to verify the resulting brain parcellations we compared them by means 

of a quantitative measure to the histologically-defined anatomical reference atlas and found 

significant overlap between automatically derived spatial clusters and anatomical structures. 

We also compared brain regions by the number of genes expressed. Here the number of 

simultaneously activated genes was considered to be proportional to the amount of 

accumulated evolutionary changes. This allows us to identify dentate gyrus and adjoining 

hippocampal regions as the structures with the richest expression and, hence, less conservative 

in the evolutionary sense. Other regions of the cerebral cortex show intermediate levels of 

expression variability while other brain structures have accumulated fewer changes in the 

process of evolution, with olfactory bulbs and cerebellum being most conservative. 
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�‡ The software tool for 3D visualization, analysis and clustering of the mouse 
brain model using the gene expression data was developed and tested with 
experimental data. 

�‡ Clustering results in the form of spatial region masks closely match the 
reference anatomical atlas. 

�‡ Gene expression data analysis performed in the project highlighted the 
difference in gene expression complexity between brain regions.  

�‡ The resulting brain region tree can also be analyzed using gene ontology and 
gene duplication data. 

�‡ By associating gene duplication times with brain region  evolutionary origin 
times we may refine the evolutionary history of brain functions. 
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HIP ARA region 
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average gene expression localization 
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dental gyrus and 
adjoining 
hippocampus regions 

olfactory bulb, 
cortex, hippocampus 

all except cortex 
and hippocampus 

part of olfactory 
bulb and superior 
olivary complex 

evolutionary time 

Gene duplication time 
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