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Although our newsletter publication has been delayed somewhat this
time as a result of staff changes, Consortium activities have proceeded
as vigorously as ever. Research at the Consortium has continued in
some of the active areas studied in the past, such as the theory of the
spread of epidemics and the cooperative motion of animals. New

D | R E C T O R directions have also been added as in the study of traffic patterns via
Burgerds equation, the study of turbulence, and the development of

effective medium theory for the description of molecular motion on cell membranes. Fundamental prob-
lems of quantum mechanics such as approach to equilibrium of small systems in interaction with reservoirs
have also been pursued. Recent visitors to the Consortium have come from Brasil, Venezuela, Argentina
and Mexico. Recent weekly seminars of the Consortium have included talks on spread of epidemics on
what has been called romantic networks, determination of system parameters from time series in chaotic
systems, and open quantum systems. International workshops the Consortium is supporting include one
to take place in January in Cuernavaca (Mexico) on random walks.

-V. M. Kenkre

Structure and Dynamics of Genetic Networks Il
Maximino Aldana

This is the second part of the article that was begun in issue 4 of volume 2 of our newsletter.

Although in the physics community the Kauffman model has been highly appreciated and con-
sidered as a prototype of a dynamical system, with ordered and chaotic phases and a phase transition
between them, in the biological community it was considered for many years as a 0toy modeld devoid
of any biological realism. 0Genes are not binary variablesd, or dthe synchronous updating of the gene
expression states is meaninglesso, were typical arguments put forward against the Kauffman model by
hard-line biologists.

However, the hypothesis that the dynamical attractors of the genetic network correspond to cell
types or cell fates has been confirmed recently by several groups around the world, particularly by the
group of Elena Alvarez-Buylla, professor at the Institute of Ecology, UNAM, Mexico. She and her group
used experimental data to reconstruct the topology and logical rules of the genetic network responsible
for the flower development in Arabidopsis thaliana (a flower). Numerical simulations revealed that this
network has 10 dynamical attractors which correspond to the gene expression patterns observed ex-
perimentaly in the different organs of the flower (petals, sepals, carpels, stamens, etc.) Further more,
when the network was mutated according to some biological orewiringsé known to occur, the gene
expression patterns observed in the mutants were recovered. (C. Espinosa Soto et al. The Plant Cell,
16 (2004) pp. 2923) Similar results were obtained by Reka Albert and Hans Othmer applying the
Kauffman approach to the network of segment polarity genes in Drosophila melanogaster. (Journal of
Theoretical Biology, 223 (2003) pp. 1)

The existence of dynamical attractors entails the emergence of a level of organization which is not
at all evident from the coding sequences of the genes. The human genome, for instance, with 26000
genes, each acquiring the values 0 and 1, has 22600° = 107826 states of expression, ranging from the state
000...0 in which all the genes are inactive, to the state 111...1 in which all the genes are active, going
through all the intermediate states of active/inactive genes that we can imagine. The number of pos-
sible states of expression of the human genome is certainly astronomic. Clearly, not all these possible
states are biologicaly attainable. But the fascinating thing is that the 226°%° posible states of expression
organize dynamically into a relatively small number of attractors, which represent the phenotypic char-
acteristics of the organism. And the number of attractors is much less than the number of possible states
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