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Infertility is “a disease of the reproductive system defined by the failure

to achieve a clinical pregnancy after 12 months or more of regular

unprotected sexual intercourse.”… (WHO-ICMART glossary).

Prime causes of infertility. Causes of infertility in the U.S. Credits: Serono Laboratories



Fertilization: the biological context

Li S, Winuthayanon W.. J Endocrinol. 2017 Jan;232(1):R1-R26



More in depth: Biological complexity



Complexity: non-linearity of interactions



Complexity: unpredictability



Complexity: the Butterfly effect



Complexity: the Emergence of proprieties



The whole is more (different) than the 
sum of the individual components



Human Genome Project

Begun formally in 1990, the U.S. Human Genome
Project was a 13-year effort coordinated by the
U.S. Department of Energy and the National
Institutes of Health. The project originally was
planned to last 15 years, but rapid technological
advances accelerated the completion date to
2003. Project goals

• identify all the approximately 20,000-25,000 
genes in human DNA,

• determine the sequences of the 3 billion 
chemical base pairs that make up human DNA,

• store this information in databases,

• improve tools for data analysis,

• transfer related technologies to the private 
sector, and

• address the ethical, legal, and social issues (ELSI) 
that may arise from the project.



https://ki.se/en/labmed/team-multi-omics-research







We need a model!



What is a model?



What kind of model we need?



Numerical models



Networks as model



http://networksciencebook.com/



http://networksciencebook.com/



The node



The link





Network topology





Network Topology
the number of nodes: which represents the total number of

molecules involved;

the number of edges: which represents the total number of

interaction among nods within the network;

the node degree (or connectivity): which indicates how many links

each node has to other nodes;



the node degree distribution P(k): which represents the
probability that a selected node has exactly k links;

the clustering coefficient: it is a measure of how the
nodes tend to form clusters: the more the clustering
coefficient is higher, the more the presence of clusters
will increase;

pk = 
Nk

N

CI = 2nI/k(k–1),

where nI is the number of links

connecting the kI neighbours of

node I to each other



clustering coefficient



the network diameter: which is the largest distance
between two nodes;

the averaged number of neighbours: which is the mean
number of connection of nodes;

the characteristic path length: which is the expected
distance between two random individuated connected
nodes.







Erdős–Rényi model

sets an edge between each pair of nodes with equal probability, independently of the 
other edges

G(n,p)



Random networks





Watts and Strogatz model

• However the ER graphs do not have two important properties 
observed in many real-world networks:

• They do not generate local clustering and triadic closures. Instead 
because they have a constant, random, and independent probability 
of two nodes being connected, ER graphs have a low clustering 
coefficient.

http://en.wikipedia.org/wiki/Erd%C5%91s%E2%80%93R%C3%A9nyi_model


Small wolrd



Six degree of separation

Milgram experiment





The hubs



Barabasi-Albert model

• Node degree:        y = a x -b



transportation



A biological example… 



Robustness against random attacks



… in conclusion



Going back to fertilization



Biological Networks biology and reproduction
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The model



The networks

Capacitaton Acrosome reaction



Networks  topology



Hubs removal



Common elements



Consequently …

• It is possible to represent the biological events
involved in reproduction as networks models;

• They are scale free networks;

• The have a ultra small-world topology;

• It is possible to take important inerences. 



Experimental validation of the model



Organization of signalig systems



Membrane fusion is impossible



F-actin CTC



protein tyrosine phosphorylation



PLC-γ1



Ca2+



Acrosome reaction



In conclusion

• The model has been validated;

• A new role of actin during sperm capacitation has been proposed.



Evolution of the system



Sea Urchin Reproduction - ok.flv
Sea Urchin Reproduction - ok.flv








In conclusion

• Different organisms share the same topology



Possible applications

• Contraception;

• unexplained infertility;

• Personalized medicine;

• in vivo – in vitro - in silico systems



Human Sperm Interactome




