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1 Introduction

Recent progress in high-throughput experimental technologies, especially the availability of collective spatial
and temporal measurement of gene transcription, translation and microbial community activity, has generated a
large number of temporal/spatial series datasets: GEO, Array Express, and Microbial Ecology Data( [1]). These
datasets typically composed of temporal and/or spatial series of tens to thousands of variable. One fundamental
pursuit underlying the analysis of these datasets is to identify the correlated patterns between variables/factors.
Traditional correlation analysis methods, like Principle Component Analysis(PCA) , Multidimensional Scaling
(MDS) , Canonical Correlation Analysis(CCA) , are typically used. However, they cannot identify the correlation
due to time delays or correlation within only a limited time interval.

The Local Similarity Analysis(LSA) technique ( [2], [3]) has been proposed to overcome these problems.
LSA has two advantages over other approaches. First, it can identify time/space shifted correlations among
the variables. Second, it can identify correlated pairs even if they are correlated under a limited temporal or
spatial region. In addition, a directed correlation network of original variables can potentially be inferred if
lagged association is identified. The LSA has already shown to be a useful tool in the analysis of gene expression
analysis ( [3]) and microbial ecology data ( [2]). We believe that an easy-to-use LSA package and web server
will help the scientists use the technique in many other applications.

Therefore, the LSA package described in this paper is aimed to provide a user-friendly toolkit for the general
scientific community. The LSA package is implemented in Python Programming language (http://www.python.org).
It takes advantage of Python’s efficient numerical models Numpy and Scipy (http://www.scipy.org) and is ported
as a standard Python module. The web server provides an easy to use interface for LSA, meanwhile the soft-
ware provides easy source code level access to executable, libraries and documentation for advanced users. The
analysis result is available as plain text table for direct access. It can also be processed into a SIF formatted
interaction network file for visualization and analysis in other software packages, such as Cytoscape.

We use a marine ecology dataset for a demonstration of LSA (see Table 1. This dataset is the abundance
of 176 bacteria types measured at 35 time points (roughly monthly over three years). In the whole pipeline,
our LSA server successfully captured those time-shifted correlations (Table 1), built a correlation network, and
produced the co-varying graph for interested variable pairs. This software package can be used to analyze other
time series data including gene expression profiles.

2 Software and Files

web service: http://meta.usc.edu/lsa
software: http://128.125.86.98/svn/repos/lsa/tags/current/

3 Figures and Tables
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X Y LS Xo| Yo | L | D| pV Corr C
473 | 593 | 0.6436 | 4 1 132] 3 | 0.000 |-0.0642 | 0.35504
473 | 768 | 0.5940 | 4 2 (32| 2 | 0.000 | 0.1030 | 0.27495
478 | oxy | 0.6076 1 3 |331]-2]0.001]| 0.1714 | 0.15872
489 | 723 | 0.7030 1 3 |33 ]-2]0.000 | 0.1947 | 0.12755
573 | 658 | 0.5739 1 4 |32 1]-3]0.000 | 0.1797 | 0.14718
582 | 658 | 0.6127 | 2 1 (34| 1 ]0.000 | 01778 | 0.14976
593 | 775 | 0.6028 1 3 |33 1]-2]0.000 | 0.1927 | 0.13014
658 | 677 | -0.5879 | 3 1 133 | 2 |0.000 | 0.1254 | 0.23310
658 | 855 | 0.6578 | 3 1 {33 | 2 | 0.000 | -0.0067 | 0.48443
658 | 1129 | 0.5997 | 3 1 (33| 2 |0.001 | 0.1400 | 0.20770
677 | 723 | -0.6013 | 1 3 |33 1]-2]0.001 | -0.1552 | 0.18304
677 | 755 | -0.5926 | 2 4 |32 1]-2]0.001|-0.0198 | 0.45431
677 | 775 | -0.6105 | 1 3 |33 ]-2]0.001 | -0.0034 | 0.49211
723 | oxy | 0.5953 | 4 1 (32| 3 ]0.001 |-0.1312 | 0.22289
739 | 858 | 0.5905 | 2 1 (34| 1 ]0.001 | 0.1224 | 0.23849
755 | 855 | 0.5985 | 4 2 |32] 2] 0.001]| 0.1661 | 0.16650
755 | 1129 | 0.6614 | 4 2 |32 ] 2 | 0.000 | 0.1944 | 0.12789
775 | 855 | 0.6236 | 3 1 133] 2 | 0.000 | 0.1424 | 0.20377
855 | Nosz | 0.6662 1 4 123 |-3|0.000 | 0.0669 | 0.34905

Table 1: Example of LSA result table. The columns from left to right are: Labels of sequences X and Y,
normalized Local Similarity score (LS, from -1 to +1), alignment start position in X and Y (Xy and Yp),
alignment length (L), delay in time unit (D), P-value of LS score (pV), Pearson Correlation (Corr), P-value
of Correlation (CpV). The table demonstrates LSA’s ability to capture time-shifted interactions with high LS
score and pV, which would be otherwise ignored by the ordinary correlation analysis because of low Cor and

high CpV.
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