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Application of Loregic to worm embryonic expression  

--  Expression profiles of ~20K protein-coding genes across 25 time points (30 min each) 
 

--  520 (TF1, TF2, Target) triplets 
 

--  For each triplet consider all combinations of  
   TF1_delay = 0 .. max_delay  and   TF2_delay = 0 .. max_delay, 

 such as (for max_delay = 3): 
TF1_delay = 0,  TF2_delay = 2 

TF1_delay = 3,  TF2_delay = 2 

TF1_delay = 0,  TF2_delay = 0 

25 – max_delay 



--  Find maximum Loregic-scores for each triplet across all logic-gates and  
 all (TF1_delay, TF2_delay) combinations 

 

most of the high-scored triplets  
have either 
 
(TF1_delay=0,TF2_delay=max_delay
) 
 
or 
 
(TF1_delay=max_delay,TF2_delay=0
) 
 
?? 



2h delay ?? 

2.5 h delay ?? 



--  Delay vs no delay 
 

Highest (across all logic gates) 
scores for each triplet with 
(TF1_delay=0,TF2_delay=0)  

Highest (across all logic gates 
and all TF1_delay>0,TF2_delay>0) 
scores for each triplet 

What is the proper significance test for increase 
in scores with delays in TF activity? 
 
Simulate many randomly shuffled (within rows) 
expression matrices and compare P values from t-test? 



•  Informa,on	  theory	  

•  Cross-‐correla,on,	  LASSO	  

Trying	  other	  methods	  
Zoppoli et al. BMC Bioinformatics 2010, 11:154
http://www.biomedcentral.com/1471-2105/11/154
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Methodology articleTimeDelay-ARACNE: Reverse engineering of gene 
networks from time-course data by an information 
theoretic approach
Pietro Zoppoli1,2, Sandro Morganella1,2 and Michele Ceccarelli*1,2

Abstract
Background: One of main aims of Molecular Biology is the gain of knowledge about how molecular components 
interact each other and to understand gene function regulations. Using microarray technology, it is possible to extract 
measurements of thousands of genes into a single analysis step having a picture of the cell gene expression. Several 
methods have been developed to infer gene networks from steady-state data, much less literature is produced about 
time-course data, so the development of algorithms to infer gene networks from time-series measurements is a 
current challenge into bioinformatics research area. In order to detect dependencies between genes at different time 
delays, we propose an approach to infer gene regulatory networks from time-series measurements starting from a well 
known algorithm based on information theory.

Results: In this paper we show how the ARACNE (Algorithm for the Reconstruction of Accurate Cellular Networks) 
algorithm can be used for gene regulatory network inference in the case of time-course expression profiles. The 
resulting method is called TimeDelay-ARACNE. It just tries to extract dependencies between two genes at different 
time delays, providing a measure of these dependencies in terms of mutual information. The basic idea of the 
proposed algorithm is to detect time-delayed dependencies between the expression profiles by assuming as 
underlying probabilistic model a stationary Markov Random Field. Less informative dependencies are filtered out using 
an auto calculated threshold, retaining most reliable connections. TimeDelay-ARACNE can infer small local networks of 
time regulated gene-gene interactions detecting their versus and also discovering cyclic interactions also when only a 
medium-small number of measurements are available. We test the algorithm both on synthetic networks and on 
microarray expression profiles. Microarray measurements concern S. cerevisiae cell cycle, E. coli SOS pathways and a 
recently developed network for in vivo assessment of reverse engineering algorithms. Our results are compared with 
ARACNE itself and with the ones of two previously published algorithms: Dynamic Bayesian Networks and systems of 
ODEs, showing that TimeDelay-ARACNE has good accuracy, recall and F-score for the network reconstruction task.

Conclusions: Here we report the adaptation of the ARACNE algorithm to infer gene regulatory networks from time-
course data, so that, the resulting network is represented as a directed graph. The proposed algorithm is expected to 
be useful in reconstruction of small biological directed networks from time course data.

Background
In order to understand cellular complexity much atten-
tion is placed on large dynamic networks of co-regulated
genes at the base of phenotype differences. One of the
aims in molecular biology is to make sense of high-
throughput data like that from microarray of gene expres-

sion experiments. Many important biological processes
(e.g., cellular differentiation during development, aging,
disease aetiology etc.) are very unlikely controlled by a
single gene instead by the underlying complex regulatory
interactions between thousands of genes within a four-
dimension space. In order to identify these interactions,
expression data over time can be exploited. An important
open question is related to the development of efficient
methods to infer the underlying gene regulation networks
(GRN) from temporal gene expression profiles. Inferring,
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Abstract. Inferring a time-delayed gene regulatory network from mi-
croarray gene-expression is challenging due to the small numbers of time
samples and requirements to estimate a large number of parameters.
In this paper, we present a two-step approach to tackle this challenge:
first, an unbiased cross-correlation is used to determine the probable
list of time-delays and then, a penalized regression technique such as
the LASSO is used to infer the time-delayed network. This approach is
tested on several synthetic and one real dataset. The results indicate the
efficacy of the approach with promising future directions.

Keywords: LASSO, gene regulation, time-delayed interactions,
microarray analysis, cross-correlation.

1 Introduction

The collection of high-throughput molecular data using advanced technology
has enabled researchers to reverse engineer the dynamics of the underlying com-
plex biological system. The inferences of mechanisms are generally achieved by
building the gene regulatory networks (GRNs). Using time-series gene expres-
sion data, gathered by microarray chips, a typical yet simple GRN is inferred
and it consists of interconnected nodes (genes) and edges that demonstrate how
a particular gene is regulated by a set of genes.

With microarrays, it is possible to measure the expressions of thousands of
genes simultaneously. However, the data are only gathered over a few time-
samples for several reasons, such as cost of experiments, availability of subjects,
etc. Sometimes this is also because the biological state we are interested in

Z. Cai et al. (Eds.): ISBRA 2013, LNBI 7875, pp. 64–75, 2013.
c⃝ Springer-Verlag Berlin Heidelberg 2013


