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INTRODUCTION GLOBAL VIEW 

Gene expression in higher eukaryotes is regulated at both the 

transcriptional and post-transcriptional levels. To obtain comprehensive 

understanding of the topological properties of the regulatory network, we 

combined transcriptional (ChIP-based) and post-transcriptional (miRNAs) 

regulations in D. melanogaster to create its genome-wide regulatory 

network. We used evolutionarily conserved instances of known sequence-

specific motifs of both transcription factors (TFs) and miRNAs in 500  bp 

from the transcription start site (TSS) of every gene. To identify regulatory 

edges from TFs to miRNAs, we sought instances of sequence-specific 

motifs of TFs in experimentally determined promoters of the miRNA 

precursors (pri-mir). The overall network contains experimentally-derived 

binding profiles of 76 TFs, and genome-wide occurrences of 77 distinct 

evolutionarily-conserved miRNA seed motifs for 105 microRNAs. 

 

Figure 1. Hierarchical view of mixed regulatory network. 
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Figure 2. Heatmap of TF-TF, miRNA-TF and  TF-miRNA regulations. 

Figure 3. Bottom-up breadth first 

search strategy proposed for 

hierarchical decomposition [5]. 

NETWORK OVERVIEW 

NETWORK MOTIFS 

Figure 4. The vertex-sort algorithm [4]. 

Figure 8. The single-input module network motif and its dynamics. 
(Figure taken from Uri Alon’s review in Nature Rev. Genetics 8, 2007[2]) 

Figure 6. Coherent feed-forward loops and their dynamics. 
(Figure taken from Uri Alon’s review in Nature Rev. Genetics 8, 2007[2]) 

Figure 7. An incoherent feed-forward loop and its dynamics. 
(Figure taken from Uri Alon’s review in Nature Rev. Genetics 8, 2007[2]) 
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p-value = 9.16E-13     |C| = 237 

Fold Enr. = 10.69       |TF| = 17  

Figure 5. Expression clusters of developmental time course 

that are enriched in TFs. 

p-value = 1.60E-07    |C| = 538 

Fold Enr. = 4.71       |TF| = 17  

p-value = 0.0016 |C| = 306 

Fold Enr. = 3.89 |TF| = 8  

p-value = 0.04 |C| = 264 

Fold Enr. = 2.82 |TF| = 5  

p-value = 0.047 |C| = 294 

Fold Enr. = 2.53 |TF| = 5  

Table 1. Summary of the structural properties of mixed network. 

High connectivity and rapid spread of regulatory information. 
 Traversal of only ~2 regulatory connections on average, and no more than 5 is 

sufficient between any pair of genes. 

 

Combinatorial control of TFs. 

 Target genes are regulated by ~12 TFs on average and can have up to 54 regulators. 

 

The most heavily targeted genes are associated with increased pleiotropy. 

 4.76 specific GO processes (level 0) for the top 10% most targeted genes and 3.18 for 

the top 50%, compared to 1.81 terms for the bottom 50% least targeted genes. 

 10.66 distinct tissue annotations for the top 10% most targeted genes with at least one 

tissue annotation, 9.03 for top 50%, compared to 4.88 for the bottom 50% least 

targeted genes and 2.96 for the bottom 10%. 

 Example: SPI, the most heavily regulated gene, is annotated based on experimental 

evidence with 11 different GO processes and 10 distinct imaGO tissue annotations.  

 

Expression Characteristics of TFs 

Table 2. Highly-enriched network motifs in mixed regulatory network. Green nodes 

represent TFs, red nodes represent miRNAs and black nodes represent target genes. 

Extensive co-binding and co-targeting of TFs. 
 Five motifs (1, 2, 4, 7 and 8) exhibit patterns of TF co-operation. 

 

Enrichment of positive and negative feedbacks. 
 Due to cross-regulation between two or more TFs in motifs 1, 2, 3, 4, 7 and 8. 

 

Tuning of expression delay properties by post-transcriptional regulation. 
 Mixed feed-forward loops including miRNAs in motifs 3 and 6  

 

Feedback from lower level TFs to upper level TFs (consistent with the hierarchical 

structure in Figure 1). 
 Feedback loop between two TFs using a miRNA in motif 5. 

 

Specific instances of each motif should be further evaluated experimentally to 

understand its biological meaning. 
 E.g. The transcription factors SNAIL, TWIST and the miRNA mir-1 are all known to be 

co-expressed mesodermally. Furthermore, TWIST is a known activator for both SNAIL 

and mir-1 [6]. 
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