Using high-performance computing to explore high-dimensional
neuroimaging data
High-dimensional neuroimaging and genetics for clinical applications in neuropsychiatry and cognitive neuroscience
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and is thus high-dimensional.
We have analyzed these datasets using stanIn Short
dard methods, which means that our analyses were
• Recent advances in neuroimaging and genotyping based on well defined hypotheses. For example,
allow the acquisition of measurements for thou- by examining the effect of a specific gene variant
sands of individuals
on brain activation in a specific task and brain region, we can answer basic research questions about
• Newly available large-scale datasets allow the apbrain development and physiology, and clinical quesplication of novel, exploratory statistical methods
tions such as disease-relevant brain dysfunction in
• These analyses may reveal important relationships high-risk individuals or relapse prediction in alcobetween genetics, anatomy, physiology, and be- holism [1–7]. However, standard analyses are not
suited to exploit the richness of our high-dimensional
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neuroimaging and genetic datasets. Functional neuroimaging data of one individual typically include
In the past years, neuroimaging has developed time series for 50,000 data points, but can exceed up
from an experimental technique used by special- to 1 million data points with high resolution imaging.
ists in isolated studies into a standard technique In particular, standard analyses employ dimensionin human neuroscience that is used to perform ality reduction from these tens of thousands of data
large-scale, multicentre neuroimaging studies. In points acquired using MRI to only a few hundred
these studies, neuroimaging with magnetic reso- brain regions of interest. Here, we propose to use
nance imaging (MRI) allows researchers to obtain the supercomputer to perform analyses with less
anatomical and physiological measurements of the or without dimensionality reduction, and to perform
brain in both healthy participants and clinical popula- more exploratory analyses that have less clearly detions. In psychiatry, a major long-term goal of such fined hypotheses, but the ability to reveal unexpected
investigations is to establish biomarkers for mental but important relationships [8].
processes in clinical populations for classification,
diagnosis, and prediction. In basic neuroscience, WWW
these investigations can be used to explore the general relationship between genetics, anatomy, physiol- http://mindandbrain.charite.de
ogy, and behavior. This approach has been termed
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imaging genetics (see Figure 1).
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Figure 1: Imaging genetics focus on finding intermediate phenotypes that arise from the interaction of genetic information, brain
function and clinical phenotype [9].
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