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Abstract. Gene regulatory network is a large number of genes regulated by transcriptional factors and
translated into protein complex information so as to realize the biological function, is an important part
of people's understanding of biological processes and gene function. In order to understand the
regulatory mechanism of gene regulatory networks, the network topology and its organization is one of
the most important research contents. It can not only describe the local characteristics of the network,
but also can reveal the construction method of the control network. The control network can be divided
into 4 layers: control elements, Motif, modules and the whole network. At present, more and more
people have recognized the hierarchy. Motif and two key module is discussed in this article are
compared and analyzed in recent years on many aspects of the research content of network organization
structure, expounds the biological significance of various research results and conclusion have, and
pointed out the existing problems. On this basis, the paper also puts forward the possible research
direction for these problems, and looks forward to the prospect of modular organization of gene
regulatory network.

Introduction

Regulation is an important mechanism of life activities, and plays an important role in the process of
life. However, the regulation of relationship between cells is very complicated, even in simple model
organisms (such as E.coli[1] and eukaryotic yeast[2]) are regulatory interactions of tens of thousands of.
High throughput technologies (such as chromatin immunoprecipitation chip technology, Chromatin
Immunoprecipitation-chip, ChlP- chip) development, to control the emergence of a large number of
data, so that people on the regulatory network composed of various regulatory relationships from the
whole possible[3].

The study of a complex system often begins with its organizational structure. At present, it is far from
fully understanding the regulatory mechanisms involved in gene regulatory networks[4]. Therefore, a
large number of systems biology methods are studied from the aspects of network structure,
organization and functional analysis. It has been successfully used to describe the state of the disease and
to classify cancer by using a regulatory network topology[5]. In the aspect of network organization, the
control network can be divided into four layers: element (regulatory), Motif, Module and the whole
network. Among them, divided into cis regulatory elements (cis-) and trans (trans-) two types,
respectively, by combining gene sequence and transcription factor binding sites of DNA in the sequence
of gene activation or inhibition; Motif and module are regulation from a set of genes, is an important
analysis the structure of local features of the network and network composition and Study on the
regulation mechanism of the. This paper studies on the gene regulatory network organization from two
aspects and Motif module are summarized, and further explore the genetic regulatory network research
and regulatory mechanism of problems in the analysis of gene regulatory network modular organization
of the future possible development direction.
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Motif of Gene Regulatory Networks

Motif is a simple network structure unit has a network[6], it is said that the small scale model of
specific regulatory interaction between transcription factors and target genes, usually by a few genes
according to a certain topological structure form. For example, there are 3 kinds of regulation network
of Escherichia coli motif: (Feed Forward Loop, feed-forward loop FFL, motif (Single) Input single
input Motif, SIM) and control (Dense Overlapping dense overlapping Regulon, DOR)[7]; and for the
beer yeast transcriptional regulatory network, people put forward 6 kinds of network motif. They are:
self-regulation (Auto- regulation), multi component circuit (Multi-Component Loop), feed forward
loop, single input motif, multi input motif (Multi-Input Motif) and Chain (Regulator). These 6 kinds of
motif are widely used in biological networks, they are some of the structural characteristics of the model,
is the basic unit of complex network structure, as shown in fig.1:
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Figure 1. Six types of motifs of yeast transcriptional regulatory network

Different motif showed different conduction modes. For example: transcriptional regulation network
of Escherichia coli without feedback loop, it also shows that the relative simplicity of gene regulation
mechanism. For eukaryotes, feedback is an important mechanism, which plays an important role in the
process of life. Recent studies show that the negative feedback not only speed up the response time of
gene pathway, and can reduce the difference of protein level in each cell, and positive feedback from the
opposite, it slows down the response time of the gene pathway, the differences between the cells
increased. Based on the relationship between single species regulation (activation and suppression of
two), a feed-forward loop can be divided into consistent and inconsistent two. Among them, the
uniform feedforward loop motif can be regarded as a signal sensitive delay element in the transcription
network, and the first kind of inconsistent feedforward loop can generate a pulse signal and accelerate
the system response.

The analysis of kinetic characteristics of Motif is an important aspect of understanding the
mechanism of regulation. In the regulatory network that contains thousands of biochemical reactions,
Motif is actually a subset of functional and structural dynamics. Grammaticos[8] was used to analyze the
dynamics of the regulatory chain, and the S function was used to give the equation. It is worth noting
that the proposed method can also be extended to the dynamic analysis of the motif module. A large
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number of gene regulatory networks routing motif. A single motif can reveal many details of the
network features or content, is the basic unit of gene regulatory network. The relationship between these
basic units and the way to form a network by these basic units are more and more concerned by people.

Gene Regulatory Network Module

From the above analysis, we can see that Motif is a small-scale model with structural features,
although it can give some explanation for the mechanism of biological process regulation. The study
shows that the module of the dynamic characteristics and the biological function of motif with the
appropriate scale is composed of a plurality of. At present, people have done some research on the
method of module partition and function correlation analysis. According to the definition of the module,
we will gene regulatory networks are divided into three categories: transcription module, data obtained
in some biological conditions or biological processes in dynamic control sub network and control
network based on function module based on topology of gene chip.

Module Based on Gene Expression Data. In recent years, gene expression microarray data[9] are
often used to analyze the relationship between transcription factors and target genes. Under different
biological processes or environmental conditions, the changes of gene expression can be carried out
through the regulation relationship, and finally the biological functions can be realized. Therefore, the
relationship between the expression of multiple genes in time series data has become an important
information for understanding the regulation mechanism of biological processes.

Conditional Specific Regulatory Networks. The data of gene regulation include biological
environment information. In recent years, it has been found that the gene regulatory network is a
dynamic process[10]. Therefore, the analysis of the dynamic characteristics of the network has become
a method of mining regulation mechanism and regulation of network organization. The more accurate
regulation of dynamic network representation is more advantageous to the modular organization of the
regulatory network. On the one hand, the dynamic network itself can be used as a function of the gene
regulatory network and biological processes related to the interpretation module, it shows that certain
biological processes in a certain environmental conditions with time changes in the regulatory process.
On the other hand, compared with the dynamic network under many conditions, we can make people
more clear about the mechanism of biological process. Compared with static network, dynamic network
can better reflect the relationship between genes. In addition to the regulation of the relationship
between the information, the dynamic control network also gives the existence of the regulatory
relationship between the conditions and time.

Functional Module based on network topology. Although the above two modules can reveal the
modular organization of gene regulatory networks, most of them use information other than the number
of regulatory networks, such as gene expression data, transcription factor binding site data, etc.. At
present, it is controversial whether the network data can be used to explain the biological significance.
Since the discovery of the scale-free characteristics of complex networks, a large number of studies have
been carried out to explain some of the biological functions from the topological structure. Although the
network topology cannot play a decisive role in biological function, it contains a lot of information
related to biological function. The network topology is a very important information for the study of the
organization mode of the network function module.

Correlation Analysis of Functional Modules. Module partition is an important research method
for people to understand complex systems. For biological systems, it is generally believed that a variety
of genes or proteins that perform the same function tend to form modules. Therefore, the analysis of the
functional modules can make people understand the biological processes and understand the biological
structure and organization. From the above we can see that the dynamic network provides more
accurate information about the regulation of gene expression. Therefore, the analysis of the dynamics of
the network will be more effective in explaining the process of cell regulation. Therefore, it is also
pointed out that the more accurate and detailed module becomes an important research process of
dynamic analysis. Finally, the biological networks are not isolated from each other, there is a very close
relationship between each other. The analysis of the functions of a variety of biological networks will
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provide a wider range of information for exploring the ways and means of achieving the function of life
processes.

Conclusion

It is of great theoretical and practical significance to analyze and find the way to organize the network.
Through the research on the direction of the people will be more clearly and accurately understand the
regulation mechanism of regulation pathway, rational division has a good explanation of the function
module, on the basis of in-depth and comprehensive understanding of the function of each module and
function on the understanding of biological processes, to explore the mysteries of life.
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