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Introduction
The complexity of infant growth and
development processes and resultant
data reflect the deep complexity of
biological systems.
The Problem: Can we detect complex
dependencies of biological variables?
Given data sets with many instances of
many variables:
§ Can we find a measure for a subset of
variables that is significantly nonzero if
and only if the variables are
interdependent?
§ Can we separate detection of the
existence of dependence from any
models of the nature of dependence?

Methods
• This method was model-free and
insensitive to under sampling.
Example: 3-variable dependence (2 SNPs and
1 phenotype), illustrated by a hypergraph

• The method was used to detect
multivariable dependencies
among variables.
• The measures were significantly
nonzero only when the subset of
variables had an essential,
collective dependency [1].
• We used our approach to detect
multivariable dependencies in
childhood data in a large cohort

of children with known genotype,
environmental, and phenotype
information (GUSTO data from
Singapore).

explosion:
Calculations ~ (Number of variables)degree

• We used properties of the
measure to avoid the
combinatorial explosion by
following the “shadows” that the
multivariable dependency cast
onto smaller subsets [2].

• The approach was used to
develop new hypotheses about
causal relations.
• We calculated dependency
values for variable sets of large
degree; this enabled us to
identify dependent subsets, but
was limited by the combinatorial

• The Shadows Algorithm enabled
us to calculate measures of any
degree of dependency.

Results
• We analyzed a large, highdimensional data set about the
development of Singapore
children (GUSTO).
• The GUSTO study collected a
diverse range of information
about children to capture a full
view of child development.
• We considered 3 categories of
phenotypes – anthropometric,
neurological, and
asthma/eczema – and their
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dependence on genetic
variation.
• We identified a small set of
strong 2- and 3-variable
collective dependencies among
phenotypes and SNPs.
• These dependencies formed
interconnected networks of
variables and enabled us to
seek biological relations in
these dependencies and form
new hypotheses.

• Our method returned a set of
candidate multivariable
dependencies, which were
input to functional analysis.
• The SNP-phenotype
dependencies and their
networks suggested several
involved biological pathways –
essential for precise models.
• Genetics can help stratify
populations to better detect
environmental effect signals.

Conclusions
A. The method works.
• The application of our method to
the Singapore data (GUSTO)
showed promising initial results.
• We identified complex
dependencies in very large and
heterogeneous data sets.
• We are adding other types of data
to the analysis and integrating
them into a more unified network.

B. Preprocessing of data is
extremely important.
• Missing data and other noise can
strongly affect our ability to
detect dependencies.
• Binning variable quantities also is
key.
• These issues are being actively
investigated.
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