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Short Abstract — In this work we perform a systematic sta-
tistical analysis of thousands of graphs representing metabolic
and protein-protein interaction (PPI) networks. The focus of
the analysis is to identify properties that deviate from the ex-
pected values had the networks been build by randomly linking
nodes with the same degree distributions. The survey identifies
the properties of biological networks which are not solely the re-
sult of the degree distribution of the networks, but emerge from
the evolutionary pressures under which the network evolves. We
also investigate the quality of fits obtained for the nodes degree
distributions to power-law functions.
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I - Motivation

IT is often claimed that biological networks are scale-free
(meaning that their node’s degree distributions follow a

power-law function) though most works that fit a power-law to
the degree distribution of a given network overlook the quality
of the fit.

In the present work we study a sample of thousands of net-
works representing organisms’ metabolisms and proteomes.
We evaluate the main graph topological characteristics of the
networks and perform fits to the graphs’ degree distributions,
evaluating also the quality of the fits (p-value).

II - Data
The metabolic network for an organism is a graph repre-

senting its metabolism based on the biochemical reactions that
keep its cells (or cell) alive. Two metabolites in the graph are
connected if they appear as a substrate-product pair in any
chemical reaction in its metabolism. The PPI network of an
organism is the graph where each protein present in a pro-
teome represents a node and a link between two nodes indi-
cates the existence of some interaction between the respective
proteins.

Data from the Kyoto Encyclopedia of Genes and Genomes
(KEGG) database [1, 2] was downloaded and we successfully
reconstructed the metabolic networks for 3481 organisms.

In order to reconstruct the PPI networks, we used data from
the STRING database [3]. We reconstructed 1073 graphs rep-
resenting PPI networks.

III - Analysis
The theory on measurements related to graphs and the study

of network characteristics and parameters can be found in sev-
eral books and reviews such as, for example, [4, 5].

For each reconstructed network, we evaluated the graphs
average local and global clustering coefficients, assortativity,
average nodes distances, number of two-paths and triangles.
Also, we fitted each graph degree distribution to a power-law
function by the maximum likelihood method and we evalu-
ated the p-value for the fit with the χ2 statistic.

Moreover, for each graph, we evaluated all above men-
tioned topological characteristics for 10 randomized versions
of each network (graphs with the same degree distribution,
but with the nodes linked randomly. We then evaluated the
student’s t statistic for the difference of each parameter be-
tween the real and the randomized versions, obtaining in this
way the statistical significance of the deviations.

IV - Results

Our findings suggest that, while PPI networks have prop-
erties that differ from their expected values in their random-
ized versions with great statistical significance, the differences
for metabolic networks have a smaller statistical significance,
though it is possible to identify some drift.

About the quality of the fits obtained for the nodes degree
distributions to power-law functions, our work indicates that
metabolic networks do describe the distributions only if one
disregards nodes with degree equal to one, but in the case of
PPI networks the power-law distribution poorly describes the
data except for the far right tail covering around half or less of
the total distribution.
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