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1 : Clonal selective sweep. (A) Snap shots of growing tumors in a
simulation with indicated parameter sets. Differently colored cell
populations represent each clone. (B) A growth curve of the simulated tumor.
The snap shots were obtained at each plotted point. (C) Mutation profiles of
the simulated tumor during growth (indicated by red dashed rectangles,
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represent each clone.
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Abstract

This paper proposes an estimator of mutual information for both discrete and continuous variables,
and apply it to the Chow-Liu algorithm to find a forest that expresses probabilistic relations among
them. The state of arts assumes the ANOVA model to estimate the mutual information when one
variable is discrete and the other is Gaussian. As a result, it is hard to obtain the maximum likelihood
of three connected vertices such that the center is Gaussian and the other two are discrete, so that the
state of arts restricts the class to the forest such that no Gaussian node is between discrete nodes. The
proposed method executes in a general setting without any assumption: preparing several histograms,
computing the mutual information values, and choosing the maximum value. We prove how many
histograms should be prepared and prove that the estimated mutual information is no larger than
zero if and only if the variables are independent for a large sample size. Finally, we apply the proposed
method to genome analysis, and in the experiments using gene expression and SNP (single nucleotide
polymorphism) data, we demonstrate that the proposed method successfully captures the causality
among them whereas the state of arts fails because the gene expression and SNP nodes are separated.

Figure 1: The forest consisting of expression data of the top 50 genes and the class, marked by red. The
class node is connected only to one gene A.202580_x_at (94). .
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Figure 2: The forest consisting of expression data of all the 1000 genes and the class (the subgraph
consisting of genes within diameter four from the class node is shown, and (the class and top 50 genes are
marked by 7red” and "yellow”, respectively)). The class node is connected only to A.215303_at (486). .

o
::‘.. ‘0.:... 053:
00030000 00 00 4 g0 o

Figure 3: The forest for the 200 gene expressions, 200 SNPs, and male/female information: the dis-
crete and continuous nodes are separated, and express the causality among the 401 variables (the gene
expression and SNPs are marked by blue and red, respectively).
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