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Introduction

Accurate assignment of genes to pathways is essential to understand the functional role
of genes and to map the existing pathways in a given genome. Existing algorithms predict
pathways by extrapolating experimental data from one organism to other organisms for which
this data is not available. Current systems[l, 2] classify all genes that belong to a specific
enzyme family to all the pathways that contain the corresponding enzymatic reaction, and
thus introduce ambiguity. Here we describe an EM algorithm which solves this ambiguity
by computing assignment probabilities of genes to pathways. Our algorithm uses the set
of pathways from MetaCyc [3], together with statistical models of enzyme families and
expression data [4] to estimate assignment probabilities which optimize the correlated co-
expression. Our algorithm also identifies alternative (“backup”) genes and addresses the
multi-domain nature of proteins. We apply our model to assign genes to pathways in the
Yeast genome and compare the results for genes that were assigned experimentally.

Methodology

Given a genome G with N genes, enzyme families Fi, Fs,..Fy; and pathways Pi, Ps, ..., Px
we define the set of hidden variables X5, , 1 < i < N,1<j < M,1< k< K. Each
Xijr denotes the probability of gene ¢ to fill in for enzyme family F}; in pathway P. Our
only normalization requirement is that Zl Xijr = 1 i.e. multiple proteins can fill in for an
enzyme family in the same pathway, however the sum of their contributions should be one
(the reaction must be catalyzed).

Given the set of probabilities, one can compute the score of any global assignment A by
summing the scores of individual pathways:

SCOT‘e(A(Pk)) = Z Z XiljlkXizjzk . Sim(Eil 5 Eiz)

J1,J2E€F (P) 1,02

where F(P;) is the set of pathway families associated with Py, and sim(E;,, E;, ) is a similarity
measure between the expression profiles of genes i; and 7. We use an EM algorithm to
iteratively compute the assignment probabilities Xj;x.

Initialize: We initialize the X;;; by assigning non-zero probability to the gene i that based
on database annotations and sequence similarity data belongs to the enzyme family j. The
initial probabilities are proportional to the significance of the match between gene i and the
statistical model of family j, evalue(i, j). For database annotations we set the evalue(i, 5)
to the maximum observed evalue and the probabilities are normalized.

Expectation step: We compute a score for each assignment A;ji, of gene i to enzyme
family j of pathway k, taking the expectation value over all other possible assignments of
genes to all other pathway families j' # j:

SCOT’@(A@jk(t)) = Z ZXijk(t)Xi/]—rk(t)Sim(Ei,Eir)

J'EF(Py),j'#5 o

IDepartment of Computer Science, Cornell University E-mail: 1iviup,golan@cs.cornell.edu



All self similarities are set to 1, to encourage recruits of multi-domain proteins while avoiding
strong bias that might cause a single gene to overtake all reactions within a pathway.
Maximization step: For every pathway Py, for every F; € F(P;) and for every i € G: if
score(A;jr(t)) > 0 then compute new probability

score(Aqjk(t))

77* Zi, score(Aj i (t)) + (1 —n)* X (t)

Xijk(t =+ 1) =

else

Kijr(t +1) = (1 —n) » Xiji(t)
We consider only elements with score(Ajx(t)) > 0 in the sum ), score(A i (t)). Finally,
we normalize such that ) X (t+1) =1
Termination: Exit if |X;;z(¢t + 1) — X% (t)| < € for every 4,7,k or after running for a
maximal number of iterations Iter.

Results

We ran the algorithm on the Yeast genome with a set of 63 pathways, results are shown in
Figure 1.
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Figure 1: EM algorithm results. Left: The global assignment score. The graph indicates clear
improvement with each iteration . Right: the number of Xj;;; variables with values > 0.1 (i.e. genes
that are instrumental in pathways). This number drops rapidly supporting our hypothesis that the many-
to-many mapping is unlikely to exist in vivo.
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