Text analysis of scientific literature can automatically determine if a group of genes share common biological function
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The analysis of large-scale genomic information (such as sequence data or expression patterns) frequently involves grouping genes based on common experimental features.  Often, as with gene expression clustering, there are too many groups to easily identify the functionally relevant ones. 

The published literature contains virtually every important biological development, and much of the literature is accessible in electronic form—often as full text, and almost always in abstract form.  We assert that the biological literature (here we use PubMed abstracts) contains the necessary information for assessing if a group of genes represents a common biological function.  

We present a novel computational method, neighbor divergence, that rapidly assesses whether a set of genes share a common biological function by automatic analysis of scientific text.  It requires only a corpus of articles relevant to all of the genes being studied (e.g. all genes appearing on an expression array) and an index associating the articles to appropriate genes.  Such reference lists are often available from genomic databases [1-4] or can be compiled automatically by scanning titles and abstracts of articles for gene names [5].  Given a group of genes, neighbor divergence assigns a numerical score indicating how “functionally coherent” the gene group is from the perspective of the published literature.

Recognizing coherent gene groups from literature is a difficult problem, since some genes have been extensively studied while others have only been recently discovered.  In addition, most genes have multiple functions.  The literature about genes reflects these differences.  A given gene may have many relevant documents or none, and the documents about it may cover a wide spectrum of functions.  Consequently, the available text can skew performance of text analysis algorithms.  However, individual articles tend to address functions very specifically; it is this specificity that we exploit in our approach

The intuition behind neighbor divergence involves recognizing articles that are about the function represented in the group.  If a group of genes shares some specific function, such as  “autophagy”, an article germane to that function will refer to at least one of the genes in the group.  Furthermore, other similar articles that pertain to the same function will tend to refer to the same gene or to other genes in the group.

Neighbor divergence assigns a functional coherence score to a group of genes based on literature.  It utilizes semantic neighbors; two articles are semantic neighbors if there is similar word usage in each of them [6].  First, semantic neighbors are pre-computed for each article in the corpus.  Given a gene group, each article’s relevance to the group is scored by counting the number of neighbors that have references to genes in the group.  If the group represents a coherent biological function, articles that discuss that function will have many referring neighbors and therefore score high (see Figure 1).  Articles that address biological functions that are irrelevant to the group function will score low.  If there are many high scoring articles, the group likely represents genes with shared function.  Neighbor divergence determines whether a function is represented in a gene group from the distribution of article scores.  Specifically, the neighbor divergence measure of functional coherence of a gene group is an information theoretic measure of the difference between the empirical distribution of article scores and a theoretical distribution of scores that would be expected with an un-coherent group of genes.

To evaluate neighbor divergence and to compare it with other approaches, we used 19 groups of yeast genes each representing a different function.  We also devised 1900 decoy random yeast gene groups.  Neighbor divergence achieves 79% recall (15 out of 19 functional groups) at 100% precision; this is equivalent to 79% sensitivity at 100% specificity.  In Figure 2 we have plotted the distribution of neighbor divergence scores for the 1900 random gene groups and the 19 functional gene groups.  While there is some overlap, most functional groups have scores that are about an order of magnitude higher than the highest score assigned to a random gene group.

We also evaluated the method on real published gene expression clusters.  Eisen and colleagues collected expression measurements on yeast genes under 79 diverse conditions [7].  They used a hierarchical clustering algorithm to identify groups of genes with coherent gene expression patterns.  A few of the gene clusters contained many genes with similar function.  These published clusters were manually identified and labeled with a summary label.  We hypothesized that our method could rapidly identify the functionally coherent groups of genes.  We re-evaluated the functional coherence of these clusters automatically with neighbor divergence.  Our results are presented in Table 1.  We found that seven of the ten clusters had very high functional coherence scores.  For three of the clusters the functional coherence score was poor.  We compared the genes in these clusters to the appropriate functional groups defined by Comprehensive Yeast Genome Database (CYGD) [8].  The clusters have poor concordance with the CYGD groups; they contain less than half of the genes with the reported function.  While these clusters are suggestive, they are not coherent functional groups, based on our scoring criteria.

There is growing interest in enhancing biological data analysis by using the published literature as a knowledge base to guide bioinformatics algorithms.  Inclusion of literature has been shown to directly augment biological data analysis, such as sequence homology searches, sequence-based assignment of cellular compartment, and gene expression analysis [5, 9-12].  Many analytical approaches, such as those based on supervised and unsupervised machine-learning, aim to define groups of genes based on patterns in experimental data [13].  Neighbor divergence can be a critical piece in connecting such data analysis algorithms to the scientific literature.  New algorithms can be written that search for groups with consistent signal in the experimental data that also have high functional coherence.  For example, a clustering algorithm can be rewritten to identify groups of genes with similarities in expression and also similarities in function as assessed from the literature; the solution is to modify the objective function in gene group searches to include similarity of literature for a group as well as experimental similarity.  The neighbor divergence score may have other applications in defining new functional groups, annotating genes, and organizing genes in a functional hierarchy.
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Figure 1. Scoring articles relative to a gene groups.  Here we graphically depict a small gene group of three autophagy genes (boxes with dotted boundaries).  The genes are connected to their respective article references (boxes with solid boundaries).  Articles about autophagy are dark boxes with white lettering.  Notice for all genes, only a few of the referenced articles are about autophagy, the critical function that unites these genes in the group.  The arrows are used to indicate the semantic neighbors of “article B.2”, an autophagy article.  The significance of this article to the group’s unifying function becomes apparent when we notice that many of its neighbors, also autophagy articles, are references for other genes in the same group.
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Figure 2.  Histogram of neighbor divergence scores.  Each open square represents (() the count of random gene group scores in the range indicated on the horizontal axis; each closed diamond (() represents the count of functional gene group scores in the range on the horizontal axis.

	Function Label assigned to Expression Cluster (by Eisen et al)
	Number of Genes
	Neighbor Divergence Score
	Score Percentile

	
	
	
	

	ATP Synthesis
	14
	0.1358
	99.9%

	Chromatin Structure
	8
	0.1456
	100.0%

	DNA Replication
	5
	0.1867
	100.0%

	Glycolysis
	17
	0.2118
	100.0%

	Mitochondrial Ribosome
	22
	0.0269
	53.3%

	MRNA Splicing
	14
	0.0248
	48.3%

	Proteasome
	27
	0.3007
	100.0%

	Ribosome and Translation
	125
	0.2224
	100.0%

	Spindle Pole Body Assembly and Function
	11
	0.0272
	53.8%

	Tricarboxylic Acid Cycle and Respiration
	16
	0.1249
	99.8%


Table 1.  Assigning neighbor divergence scores to experimentally obtained gene expression clusters.  Each row represents a labeled gene expression cluster identified by Eisen as having a common function.  The first column lists the functional label.  The second column lists the number of genes in the cluster.  In the third column, we list the neighbor divergence score of the cluster.  The fourth column lists the percentile of the score relative to 1900 random gene groups.
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