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Mechanisms of tissue regeneration in the axolotl 
 

Osvaldo Chara 
 

In striking contrast with mammals, many other species have the ability to regenerate 

substantial parts of their body after tissue amputation. Among the vertebrates, the axolotl 

(Ambystoma mexicanum), as its most spectacular feature, is able to regenerate the limb 

and the spinal cord, among other body parts. By means a combination of imaging, cell 

tracking and mathematical modeling we identified the cellular mechanisms launching 

spinal cord and limb regeneration in the axolotl. In this talk I will show recent results 

from our lab suggesting that regeneration triggers a program that seems to mirror 

development. Moreover I will show preliminary modeling results aimed to ultimately 

unveil signaling processes triggering the cellular mechanisms resulting in tissue 

regeneration. 
 

 

 
How much does a cell know about its environment? 
 

J.M Pedraza  
 

Cells have different possible phenotypic states, and for a given state of the environment 

there is a particular phenotypic state that maximizes fitness. A cell would therefore 

benefit from knowing the environment and adjusting its state accordingly, but this is 

limited by the noise in gene circuits, imperfect measurements, and the cost of 

measurement, as well as the limitations on the speed of the state changes. It is possible 

to quantify the amount of information a cell has about its environment, though this task 

is complicated if we take into account that environments fluctuate. For a simple system 

we show, using a combination of simulations and analytical approaches, that cells 

integrate the past signals with a discount function to determine their future state. 

Furthermore, a population of cells can have more information about the environment 

than the population size times the information of an individual cell. 
 

 

 
 
 
 



Evolution of drug resistance in fluctuating environments. 
 
Ayari Fuentes 
 

Our understanding of the evolutionary forces driving the adaptation of antibiotic 

resistant bacteria is mostly based on the assumption of constant, homogeneous 

environments. In this talk we will focus on discussing how an environment with a 

heterogeneous temporal structure imposes a dynamic range of selective pressures that 

can influence the emergence and stability of drug resistance in microbial microcosms. 

To achieve this goal, we will use data-driven mathematical and computational models 

combined with single-cell microfluidics and experimental evolution to study how 

bacterial populations adapt to unpredictable and hostile environments. 

 

 

Validation and limits of image analysis in cell biology 
 
Matheus Viana 

 

Image analysis is without question the major venue used by biologists to extract 

meaningful information out of imaging experiments. However, many techniques are 

used careless, violating fundamental suppositions required to their applicability to 

particular experiment conditions or types of data. In addition, not much is discussed 

about the validation of new techniques that are ofter introduced in the literature. In this 

talk I will discuss my personal experience developing MitoGraph, a software used for 

quantifying mitochondrial networks in live yeast cells. I will show how we validate 

MitoGraph and how we evaluate its performance and limitations. 
 

 

Calcium dynamics in the sarcoplasmic reticulum of smooth muscle cells 
 

Moisés Santillán 
 

 

Recent experiments, in which calcium release from the sarcoplasmic reticulum of 

smooth muscle cells is induced with caffeine, apparently contradict the principle of mass 

conservation. We tackle this problem via a mathematical modeling approach. By 

introducing a novel scheme of chemical reactions to account for the interaction between 

calcium and the sarcoplasmic reticulum protein calsequestrin, not only we are able to 

reproduce calcium binding experiments, but can offer as well an explanation to the 

above referred apparent paradox. The physiological implications of these findings are 

finally discussed. 

 



Towards a Large-Scale Comparative Systems Biology across Bacteria: 
Abasy Atlas, Fractality and Organizational Landscape of Regulatory 
Networks 
 

Julio Freyre 

 

The availability of databases electronically encoding curated regulatory networks, in 

addition to high-throughput technologies and methods to discover regulatory 

interactions, provides an invaluable source of data to understand the principles 

underpinning the organization and evolution of these networks responsible for cellular 

control. Nevertheless, data on these sources never goes beyond the regulon level despite 

the fact that regulatory networks are complex hierarchical-modular structures still 

challenging our understanding. This brings the necessity for an inventory of systems 

across a large range of organisms, a key step to rendering feasible comparative systems 

biology approaches. We take the first step towards a global understanding of the 

regulatory networks organization by making a cartography of the functional 

architectures of diverse bacteria. As a result, Abasy (Across-bacteria systems) Atlas 

(http://abasy.ccg.unam.mx) provides a comprehensive inventory of annotated functional 

systems, global network properties and systems-level elements (global regulators, 

modular genes shaping functional systems, basal machinery genes and intermodular 

genes) predicted by the natural decomposition approach for reconstructed and meta-

curated regulatory networks across a large range of bacteria, including pathogenically 

and biotechnologically relevant organisms. Currently, Abasy Atlas contains systems and 

system-level elements for 52 regulatory networks comprising 84,956 regulatory 

interactions covering 42 bacteria in nine taxa, containing 3,887 regulons and 1,891 

systems. All this brings together a large body of data that will surely inspire large-scale 

comparative systems biology studies to generate hypothesis regarding the common 

principles and particular lifestyle adaptions governing the evolution and organization of 

systems and their functional architectures across bacteria. In this talk, I will discuss the 

construction of Abasy Atlas and the results from the first analysis of the available data, 

including the robustness of the systems-level predictions and the ubiquity of the 

diamond-shaped architecture, the fractal nature of bacterial regulatory networks and, if 

time allows, some ideas towards an exploration of their organization landscape. 

 

 

 
 
 



How mathematical modeling and computer simulation offered the best 
clue to solve the riddle of polarized growth in fungal cells. 
 

Salomón Bartnicki 

 

The phenomenal growth of fungi is due to their ability to grow tubular cells (hypha pl. 

hyphae) by rapidly extending the tube at the tip (apex). Apical growth is one the best 

examples of polarized growth.  The search for discovering the secret of apical growth 

has been pursued since 1892.  Elucidation, albeit incomplete, of the mechanism of apical 

growth has an interesting chronology and is an example of Systems Biology defined by 

some as “The computational and mathematical modeling of complex biological 

systems”. The first clue to this mystery came in 1924 with the discovery of the 

Spitzenkörper, a stained spheroidal structure in the apical region of hyphae.  Much later 

(1969), it was discovered that the Spitzenkörper consisted of a collection of secretory 

vesicles presumed to be responsible for the synthesis of the wall at the apex.  But why 

does the fungus group the vesicles into a single organelle? In the absence of 

experimental evidence to answer this question, an unrelated study on the mathematics of 

hyphal growth supplied a likely explanation. Thus in 1989, a computer simulation of the 

secretory process, with wall-building Vesicles (simulated by pixels) emanating from a 

Supply Center or VSC, revealed that shape could be controlled by simply moving the 

VSC!  A linear displacement of the VSC yielded shapes almost identical to those of 

living hyphae. Analyzed mathematically, the process gave the equation y = x cot (V x / 

N) where V is the rate of linear displacement of the VSC and N the amount of vesicles 

released per unit time. Plotted on Cartesian coordinates, the equation produces a curve, 

the hyphoid, whose shape is identical to the profile of normal hyphae. Most revealing 

was finding that the position of the VSC in the hyphoid is the same as the position of the 

center of the Spitzenkörper in real hyphae. We could therefore predict with near 

certainty that the function of this organelle is to control shape and direction of growth by 

serving as a VSC, a concept that has gained wide acceptance among fungal biologists.  
 

 

 

 

 

 

 

 



Systems Biology to Dissect Nitrogen Responses in Arabidopsis thaliana. 

Rodrigo Gutierrez 

In order to maximize crop yields, agricultural practices worldwide use excess N 

fertilizers, which have a detrimental impact on the environment and human health. 

Understanding how plants sense and respond to changes in nitrogen (N) availability is 

the first step towards developing strategies for biotechnological applications to improve 

nitrogen-use efficiency. Plants can adjust their capacity to acquire different forms of N 

in a range of concentrations by modulating the expression and function of genes. 

Modulation of plant growth and development, most notoriously changes in root system 

architecture, can also greatly impact plant N acquisition in soils. Using next generation 

sequencing, integrative network bioinformatics and systems biology approaches in 

Arabidopsis thaliana, we are dissecting regulatory networks acting at different levels to 

control N-acquisition. At the transcriptional level, genome-wide mapping of DNase I 

hypersensitive sites (DHSs) and genomic footprinting allowed us to identify regulatory 

elements controlling gene expression in response to NO3
-. We delineate in vivo 

transcription factor (TF) binding in the promoter of transcriptionally regulated genes by 

NO3
-. Integrated analyses of the data generated lead us to discover NO3

- sensitive 

elements and map key TF regulatory interactions underlying transcriptional NO3
- 

responses. Our genomic strategy identified new candidate TFs as well as positioned the 

contribution of known regulatory factors in the transcriptional network mediating 

changes of gene expression in response to NO3
-. We will also discuss advances towards 

mapping these gene networks to developmental responses for optimal N nutrition in 

Arabidopsis thaliana. Our results offer important new targets for biotechnological 

strategies to improve crop production in economically and environmentally sustainable 

ways. 
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Epithelial folds, cell proliferation, and the control of organ size during 
development 

Marcos Nahmad 

During development, cells communicate with each other to coordinate patterning, 

growth, and morphogenesis. One form of communication is through cell-cell 

interactions exerted by physical forces. However, it is little clear how cells interpret 

mechanical interactions and how these affect cell functions. In the Drosophila wing 

imaginal disc, the larval tissue that develops into the adult wing, mechanical interactions 

among cells influence their ability to grow and proliferate; cells that compress each 

other proliferate poorly, while cells that interact with each other loosely proliferate 

faster. Conversely, when a cell in the disc grows and divides, it alters the distributions of 

physical forces among its neighboring cells resulting in feedback between cell 

proliferation and mechanical interactions. These observations together with 

mathematical modeling studies have proposed mechanical feedback as a mechanism for 

growth control in the wing disc; however, these studies assume that the disc is a flat 2D-

array of cells and ignore deep folds that form within the disc and may alter mechanical 

interactions among the cells. In this project, we investigated the correlation between fold 

formation and global patterns of cell proliferation in the wing disc. We developed 

image-processing tools to quantify how cell proliferation changes as a function of 

distance to the fold. We found that cell proliferation is significantly higher next to the 

folds, consistent with our hypothesis that the epithelial folds release cell-cell tension 

locally that may favor higher proliferation. Using Drosophila genetic tools, we 

attempted to eliminate the epithelial folds, but were unable to do so, suggesting that fold 

formation is a robust developmental process. In order to determine if the correlation 

between fold formation and cell proliferation is a causal relationship, we genetically 

generated ectopic folds in fixed and live wing discs and quantified the cell proliferation 

patterns around the ectopic fold. We present evidence that folds affect cell proliferation, 

perhaps playing a key role in determining final size and shape. 

 

 

 

 

 

 

 



Robustness, control and the organization of developmental pattern 
 

Arthur D. Lander 
 

Tissue-scale pattern formation depends upon the ability of cells to make decisions based 

on their locations.  They do this, at least in part, by obtaining cues from signaling 

molecules known as morphogens, that are distributed in long-range spatial gradients.  

The molecular machinery required to make and respond to morphogen gradients is 

relatively simple, whereas the machinery that developing organisms actually employ is 

remarkably complex, typically involving layers of regulation through feedback-

controlled uptake, secreted inhibitors, transport modulators, co-receptors, expanders, etc.  

In my talk, I will seek to connect the complexity of such machinery to the systems-level 

engineering objectives of robustness and control. Drawing upon experiments and 

mathematical models of pattern formation in fruitfly wings, I will illustrate some of the 

ways in which mechanistic complexity is driven by tradeoffs among strategies for 

dealing with real-world disturbances.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Modelling the complex regulatory interplay between Epithelial-
Mesenchymal-Transitions and the Microenvironment to understand and 
predict the oncogenic progression of liver cancer 

Elisa Domínguez-Hüttinger 

Epithelium to mesenchymal transition (EMT) is a complex cellular trans-differentiation 

process through which epithelial cells acquire a mesenchymal phenotype with the ability 

to invade other tissues. Under homeostatic conditions, EMT participates in wound 

healing, development and organogenesis. However, EMT is also involved in the tissue 

remodelling that characterizes pathological chronic degenerative processes, such 

as fibrosis and carcinomas, accounting for 51% of deaths worldwide. It remains to be 

investigated how EMT-driven tissue remodelling, needed for the maintenance of tissue 

homeostasis, becomes aberrant and a driving force of pathologies such as cancer and 

fibrosis. The EMT is controlled by the complex interactions betweenTranscription 

Factors, operating within individual cells in the tissue, and changes in the surrounding 

micro-environment, given by the composition of the extracellular matrix (determining 

tissue stiffness), and the levels of pro-inflammatory cytokines such as TGF. In turn, the 

mesenchymal cells produce ECM components and cytokines, forming a positive 

feedback loop between the phenotypes of the cells and the properties of the surrounding 

tissue. While in equilibrium this complex feedback control structure preserves 

homoeostasis, we hypothesized that perturbations of this system by genetic or 

environmental risk factors known to predispose to fibrotic or oncogenic conditions, the 

equilibrium between positive and negative feedback loops is impaired, which can lead to 

the onset and progression of pathology. Here, we use a systems biology approach and 

represent this complex multi-scale feedback control structure with a mathematical 

model. Using control theoretical approaches, we analyse this model to identify the 

different perturbations that can drive aberrant tissue remodelling processes, identifying 

the different risk factor combinations that drive the transition from a homoeostatic to 

pathological tissue repair process in hepatocytes. We could also quantitatively 

characterize the different micro-environmental signals, in terms of the minimal input 

amplitudes and frequencies required to break the stability of the system and, forcing the 

transition from an epithelial to a mesenchymal state. Simulations of our multi-scale 

model show that an increased strength of in the positive feedback loop between the 

phenotypic decision-taking and the microenvironment cues can lead to an abrupt 

transition from a homeostatic to a pathological tissue with an over-accumulation of 

mesenchymal cells. Our analysis demonstrates how a system biology approach for the 

identification of underlying mechanisms in the onset and progression of complex 

diseases. 

 

 



Feedback control of mammalian cell differentiation  

Mary N. Teruel 

Mammalian tissue size is maintained by slow replacement of de-differentiating and 

dying cells. For adipocytes, key regulators of glucose and lipid metabolism, the renewal 

rate is only 10% per year. We used computational modeling, quantitative mass 

spectrometry, and single-cell microscopy to show that cell-to-cell variability, or noise, in 

protein abundance acts within a network of more than six positive feedbacks to permit 

pre-adipocytes to differentiate at very low rates. This reconciles two fundamental 

opposing requirements: high cell-to-cell signal variability so that differentiation rates 

can be kept very low and low signal variability to prevent differentiated cells from de-

differentiating. Higher eukaryotes can thus control low rates of near irreversible cell fate 

decisions through a balancing act between noise and ultra-high feedback connectivity.  

We have gone on to explore the nature of the adipocyte differentiation network 

architecture in the physiological context and have found, intriguingly, that a circadian 

signaling code restricts the rate of cell differentiation. Dysregulation of the circadian 

pattern of glucocorticoid oscillations by irregular feeding and sleep cycles, by long-term 

hormone treatment, or during metabolic diseases, have all been shown to cause obesity. 

Here we use live single cell analysis to determine if and how oscillatory hormone pulse 

patterns control the rate of adipogenesis to explain the observed increase in fat mass. 

Strikingly, by monitoring endogenously-tagged PPARG, CEBPB, and FABP4 during 

the differentiation process, we show that adipocyte precursor cells reject circadian 

hormone pulse patterns but not continuous ones. We identify a network that combines 

fast and slow positive feedback loops as a unique regulatory motif that selectively 

suppresses differentiation for circadian pulse patterns. Together, our study provides a 

molecular mechanism for why stress, Cushing's disease, and other conditions for which 

glucocorticoid secretion loses its pulsatility can lead to obesity.  
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Antibiotic Resistance in Connected Microenvironments: A Theoretical Approach 
 
Alán Fernando Muñoz González 
 
Historically, the evolution of antibiotic resistance has been studied in homogeneous 
environments, discarding the fact that almost all environments in nature have spatial structure 
and that it affects populations evolution. Aiming to understand the effect of spatial structure on 
evolution of drug resistance from a theoretical perspective, we modelled competition between 
two strains with resource as limiting factor and one antibiotic producing gradient using 
different levels of complexity of structured spaces. From a linear array of connected 
microenvironments to complex networks, we used ordinary differential equations coupled with 
a reaction-diffusion derived model to, first, understand the consequences of spatial structure 
on the resistant selection window, which is the antibiotic concentration too low to eliminate the 
whole population but too high to allow the susceptible strains to win the competition, and later, 
to study how connected microenvironments with different network topologies modulate the 
adaptive landscape of antibiotic resistance. 
 

 
Quantification of metal ions in the major organs of undernourished Wistar rats 
 

Alma Isabel Santos Díaz1, 2, Ismael Jiménez Estrada1, Fanis Missirlis1 

   
1 Departamento de Fisiología, Biofísica y Neurociencias, Centro de Investigación y de Estudios Avanzados del Politécnico Nacional, 

Zacatenco, Ciudad de México 

 
2  Área Académica de Nutrición, Universidad Autónoma del Estado de Hidalgo, Pachuca 

 

Malnutrition is a common problem in Mexico and worldwide. Undernutrition in pregnancy has 
been identified as an important risk factor in a number of disease states. Reduction of caloric 
intake may or may not affect micronutrients, amongst which we consider here all major metal 
ions with biological activity. Using inductively coupled plasma optic emission spectrometry 
(ICP-OES), we have quantified potassium, sodium, magnesium, calcium, iron, zinc, 
manganese and copper in the liver, small and large intestine, pancreas, muscle, heart, brain, 
kidneys, and lungs of two-months-old male rats born from mothers that were either permitted 
to feed ad libidum or were restricted to 50% dietary consumption throughout pregnancy & 
lactation. The litter also fed on the two dietary regimes (for details of the animal model see 
Reference below).  
 
Our initial calculations indicated that there was sufficient dietary provision of all essential 
metal ions in the restricted regime and our results showed that the concentration of metals in 
most organs was unaffected in calorically restricted rats. However, we detected reduced iron 
concentration in organs that concentrated blood, consistent with anemia. Second, we noted a 
decrease in sodium and an increase in potassium in the hearts of the undernourished 
animals. Third, we observed an accumulation of zinc in muscle. The respective reasons for 
these differences remain to be clarified. 
 



 

 

 

Gene regulatory networks in the study of plastic cell differentiation in Arabidopsis leaves   
 

Andrea Domínguez1, 3, Mariana Benítez 1, 2 
 
1 Instituto de Ecología, Universidad Nacional Autónoma de México, Mexico City, Mexico   
2 Centro de Ciencias de la Complejidad, Universidad Nacional Autónoma de México, Mexico City, Mexico     
3 Posgrado en Ciencias Biológicas, Universidad Nacional Autónoma de México, Mexico City, Mexico   
   
E-mail: andreacb17@gmail.com, mbenitez@iecologia.unam.mx 

   
The accumulation of data from molecular genetic studies of development biology and 
genomics has enabled the generation and development of Gene Regulatory Network (GRN) 
models of cell differentiation and morphogenesis. In GRNs, genes, mRNA or proteins 
correspond to the network nodes and the links among nodes stand for regulatory interactions. 
These GRNs have been used to analyze the temporal change of concerted gene activities 
and the way in which genes are connected to each other. It has been suggested that the 
steady states in gene regulatory networks (called attractors) correspond to sustained gene 
activation profiles characteristic of particular cell types.   
Epidermal patterning in Arabidopsis thaliana leaves provides an excellent model for the study 
of cell differentiation and patterning formation. In particular, GRN models have been used to 
study cell fate determination and patterning of epidermal hairs, trichomes in the leaves. 
Dynamic network models and experimental evidence have suggested that cell patterning in 
this system is sensitive to a wide range of regulatory processes at different levels. For 
example, it has been show that in the leaf epidermis, Gibberellins (GA) and Cytokinin (CK) 
signaling promotes trichome development, which could account for changes in trichome 
density and patterning during plant development. Plus, it has been found that environmental 
cues such stress and hervibory also cause changes in the distribution and density of 
trichomes.     
We set up to integrate the role of genetic and non-genetic mechanisms and the role of 
phenotypic plasticity in the formation and development of trichomes in the leaf epidermis of 
Arabidopsis. Since it is not yet well known which mechanisms are behind the plastic changes 
observed in trichomes patterns in response to different environmental stimuli, in our research, 
we propose to include signaling and interactions of some hormonal pathways and 
environmental cues such as stress and herbivory in the gene regulatory network determining 
trichomes that exists in Arabidopsis. This, to try to understand the role that these signals and 
their complex interactions have with Arabidopsis and how these interactions contribute with 
the origin and variation of trichome patterning. This work could help to understand the role of 
phenotypic plasticity in the development and in the origin of phenotypic variation, contributing 
in this way to the research program of developmental evolutionary ecology, eco-evo-devo. 
 

 

 
 

 
 
 
 



 
Analysis of deletions in mitochondrial DNA from human somatic cells 
 

Bertha Guadalupe Rueda Zarazúa1, Jorge Tonatiuh Ayala Sumuano, Carlos Javier López 
Victorio 2, Adriana González Gallardo1, Carlos Lozano Flores 1, Alfredo Varela Echavarría 1. 
 

1Instituto de Neurobiología, UNAM.  
2División Académica de Ciencia Básica, UJAT Blvd. Juriquilla No. 3001, Querétaro, Qro. México CP. 76230. 
Tel. (442) 2381032. Correo-e: avarela@unam.mx 

 

Introduction. The mitochondrion is a cellular organelle whose main function on the cell is the 
energy production through oxidative phosphorylation process. Mitochondria contain a genome 
of circular DNA that contain genes which are fundamental in the oxidative phosphorylation. 
Different types of recombination events occur and they could cause a wide of neurological 
and debilitating diseases which diagnosis is difficult due to the heterogeneous nature of the 
pathologies and to limitations in current molecular methods. 
Methods. We isolated circular DNA from dental pulp and identify the deletions in the 
mitochondrial genome with massive sequencing using a bioinformatic analysis. 
Results. We identified deletions of different sizes distributed throghout the genome, the 
majority of which involve the loss of a single nucleotide. Only 1.94% of the deletions involve in 
their extremes at least a 4 nucleotide direct repeat and the largest identified was 8 
nucleotides long. There are 25 deletions in common on the three samples analyzed. The 
most abundant deletion corresponds to the sequence between the positions 521-524 which is 
in two of the three samples with 1.13% and 2.58% of heteroplasmy. 
Conclusion. There are a lot of diversity of low frequency deletions in the mitochondrial 
genome of healthy individuals. 
 
 

 
 
Signaling in Plants, Electrical Responses in Mexican Oregano (Lippia Graveolens) 
 
Carlos Espinosa, Rodrigo Patiño     
 
CINVESTAV Mérida, Yuc. México. 
E-mail address: rodrigo.patino@cinvestav.mx 

 
The focus on plant electrophysiology research aims to understand how plants perceive their 
circumstances and respond to environmental input in an integrated fashion, taking into 
account the combined molecular, chemical and electrical components of intercellular plant 
signaling. The integrated signaling, communication and response system among plants 
includes electrical signals, production of chemicals and neurotransmitters. The presence of 
electrical signals suggested that plants use ion channels to transmit information over long 
distances. 
Mexican oregano (Lippia graveolens), an aromatic herb harvested in the wild, represents a 
significant income for rural households. The herb is used for medicine and food purposes 
because of its essential oil which also functions as a natural defense for the plant when it is 
released as a volatile compound. The high quality of its essential oil makes it a valuable 
import product. Due to its importance to the region, Mexican oregano was chosen for 
research.  

mailto:rodrigo.patino@cinvestav.mx


The initial approach of the research was the record of electrical signals in response to stimuli. 
For this purpose a National Instrument fieldpoint was used with thermocouple cables for the 
temperature changes and copper cables for the data collection of voltage difference. The 
plants of oregano were removed from the wild and kept in an outdoor environment. 
In the studies carried out, it was possible to observe a change in the voltage difference at the 
moment of irrigating the oregano plants. The thermoelectrical analysis was not clear because 
the methodology used to control the ambient temperature introduced noise in the system. 
However when irrigating the plants with hot water (above 40 °C) a variation potential (VP) was 
observed. For the analysis using fire as stress stimuli three different responses were 
observed: variation potential (VP), action potential (AP), and non-response. 
In order to have a better understanding of the signaling in plants, in this case Mexican 
oregano, it is important to continue the research involving other factors, an analysis of the 
neurotransmitters and genes involved during the stimuli as well as the chemicals produced as 
a response to these. The signaling in plants could allow us to have environmental information 
at the moment and grow crops in a more efficiently. 
 
 

 
Information transmission in a bistable genetic circuit: the Lac Operon 

 
César Nieto-Acuña, J. Pedraza. 

 
Universidad de los Andes 
Bogotá, Colombia, South-America 

 

Cells need to gather and process information from the environment to survive, but the amount 
of information that can be transmitted through a genetic circuit has not been determined in 
most cases. Using previous experimental data, we perform a simulation to compute the 
information transmission between the states of a telegraphic fluctuating environment in the bi-
modal regime and the states of the lac operon. We compare the information transmission 
trough both the single cell protein expression and the population phenotype distribution. We 
conclude that the population phenotype transmits more information that the single cell protein 
expression. The information transmission is enhanced for a very slow fluctuating environment 
with respect to the typical circuit response times. We also discuss the memory effects and a 
relationship between information transmission and population growth. 
 

 

 

 

High throughput mapping of nsSNPs in the human structural interactome with protein-protein 
docking by hotspot of interaction prediction 
 

Didier Barradas Bautista 
 

Proteins are the embodiment of the message encoded in the genes acting as the building 
blocks an effector part of the cell. From gene regulation to cell signalling and cell recognition 
and movement, protein-protein interaction (PPIs) drive many important cellular events by 
forming intricate interaction networks. The estimated size of the human binary interaction, 
called interactome, goes from 130,000 to 650,000 interactions according to certain studies. In 



some diseases, like cancer these PPIs are altered by the presence of mutations in individual 
proteins, this can change the networks of the cell resulting in a pathological state. To 
understand how of these mutations can alter the PPIs we need to look at the atomic level of 
the three-dimensional structure proteins complexes. However, there are 3D structures for 7% 
of the calculated human interactome. Computational approaches such as Protein-protein 
docking (PDD) can help to fill the gap between known interactions and their 3D structure. 
In this work, we used PDD to predict interaction hotspots, residues that contribute the most to 
binding energy, and then we developed and validated a method we called “NIP extended”, to 
predict the location of 14,551 nsSNPs in 4,254 proteins, for more than 12,000 interactions 
without 3D structure. Our method can place correctly 51.5% of the nsSNPs with a sensitivity 
of 80,1%. Also; we found 34% of disease-associated nsSNPs at the interface of the proteins. 
This affected interfaces are potential novel therapeutic targets for several diseases, and can 
drive the development or discovery of pharmaceutical molecules using the 3D structures of 
the proteins affected and the models generated by PDD. This also open the opportunity to 
study mutations at the atomic level resolution, and build genome wide models improved by 
the structural information. 

 
 

 
 

Evaluation of the thermoelectric response in a plant-microalgae interaction system 
 
Dylan Yair Peniche Yupit1, Rodrigo Patiño2 

 
Cinvestav - Unidad Mérida 
1dylanyupit@gmail.com 
2rodrigo.patino@cinvestav.mx 

 
In ecosystems, microorganisms in the soil are frequently in interaction with plants through 
their roots in the so call rhizosphere. This interaction may generate a number of responses in 
the plant, including changes in the growth rate or diseases. Abiotic stimulation could improve 
these responses through root colonization and plant acclimatation. Since microalgae can be 
seen as ancestors of superior plants, they both share metabolic pathways and products. In 
this work, the influence of microalgae colonization to stimulate root development and other 
physiological responses of a plant is evaluated. 
 
Pineapple (Ananas comosus) is a plant that can produce tryptophan, with special 
concentration in its roots. This amino acid can be used in the rhizosphere to promote the 
production of some molecules as auxins, a variety of phytohormones.  Indol-acetic acid is a 
common auxin that stimulates both cellular growth and stress responses, so it can be used to 
evaluate the presence of interaction between the pineapple and a culture of microalgae 
(Chlamydomonas reinhardtii).  
 
One of the consequences of these interactions occurs as electrical signals in the cellular 
complex, as a polarization wave that is propagated along the cells. Indeed, electrophysiology 
has been largely used to study behavior and signaling in plants. In addition, the 
electrophysiology as response to thermal changes has been explored recently in this group to 
understand vegetal adaptation among a number of environmental conditions or stress. 
Therefore, the thermoelectrical response has been used here to find C. reinhardtti influence 
on A. comosus through rhizosphere. 

mailto:2rodrigo.patino@cinvestav.mx


 
The Seebeck coefficients of the pineapple were obtained in the absence and presence of 
microalgae. The pineapple-microalgae system resulted to have a Seebeck coefficient 
significantly different when compared to the pineapple alone. In addition, the Seebeck 
coefficient values were found to be different for the different organs of the plant, and a 
diminishing of these differences was found when microalgae were in the system. These 
results are going to be confirmed with indol-acetic acid quantification and gene expression, in 
order to understand the cellular mechanisms of interaction. 
 
 

 
 
Axolotl spinal cord regeneration: a data-driven mathematical model 
 
Emanuel Cura Costa 1 & Osvaldo Chara 1,2 
 

1Systems Biology Group (SysBio), Institute of Physics of Liquids and Biological Systems (IFLYSIB), National Scientific and Technical 
Research Council (CONICET), University of La Plata (UNLP), La Plata, Argentina.  

2Center for Information Services and High Performance Computing (ZIH), Technische Universität Dresden, Dresden, Germany.  

 
The axolotl (Ambystoma mexicanum) completely regenerates the spinal cord after tail 
amputation. We demonstrated that this regenerative process is mainly driven by an 
acceleration of the cell cycle of resident neural stem cells (Rost et al., 2016) while re-
establishing planar cell polarity (PCP) signaling (Rodrigo Albors et al., 2015). We previously 
quantified a particular spatiotemporal distribution of mitoses along the axolotl spinal cord 
during regeneration (Rost et al., 2016). What determines this mitoses distribution remains yet 
to be elucidated and it constitutes the subject of the present study. We developed a data-
driven mathematical model of the axolotl spinal cord during regeneration. We implemented a 
Cellular Potts Model (CPM) describing the dynamics of neural stem cells in terms of a division 
probability linked to our previously quantified mitotic index along the axolotl spinal cord during 
regeneration (Rost et al., 2016). The model successfully reproduced experimental data of 
axolotl spinal cord outgrowth. We are now studying whether the spatiotemporal distribution of 
mitoses can be triggered by a putative and yet unknown signal. To do that, we proposed a 
multi-scale model incorporating a signal under a reaction-diffusion scheme as a second layer 
of the neural cell layer. We will show preliminary simulations evaluating possible roles of the 
signal on the axolotl spinal cord outgrowth dynamics. 
 
Keywords: regeneration, spinal cord, axolotl, mathematical model 
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Lifespan is a complex phenotype that can be modulated by both genetic and environmental 
factors. One of the environmental interventions that consistently extends the lifespan of 
organisms is dietary restriction (DR), which consists on the reduction of food intake without 
causing malnutrition. With the aid of model organisms such as Saccharomyces cerevisiae, 
genes affecting lifespan in response to DR have been identified, many of which are 
conserved across species. This set of dietary responsive genes are grouped into what is 
known as the “dietary restriction pathway”. Since many of the genetic modulators of lifespan 
have been found out to belong to the DR pathway, the question remains whether or not there 
are other pathways that could modulate lifespan independently of this pathway. 
Here, we present a high-throughput genetic screening for knock-out mutants that extend the 
chronological lifespan of yeast independently of dietary restriction. We started with a genome-
wide screening of knock-out mutants under conditions of DR and non-DR and selected those 
mutants whose lifespan was increased relatively to wild type under both conditions. 
Candidate mutants were further tested by assessing lifespan under conditions that mimic 
dietary restriction, such as treatment with rapamycin, metformin, and spermidine, and other 
dietary restriction variants. We found nine candidate genes with lifespan-extending properties 
which may act independently of the dietary restriction pathway. 
To describe the genes and cellular processes by which these mutant candidates increase 
lifespan, we are currently carrying out a genetic-interaction assay by measuring the lifespan 
of single and double mutants of the candidate genes with a collection of transcriptional factors 
controlling principal cellular processes in S. cerevisiae. We will present the analysis of the 
lifespan-epistasis interaction network, showing which genes might act on common 
compensatory or serial pathways.  
 

 
Diets, genomes and metallomes in the fly Drosophila melanogaster. 
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A systems approach in biology may refer to connections between different molecular 
pathways explaining cellular biology, or between distinct cellular populations in the 
development or function of organs, or between organs to establish physiological responses, 
or between individuals or even species in population and ecological studies. Transcending 
these boundaries (categories) in a single study is also sometimes possible. A second type of 
categorization is frequently observed by studying the main chemical constituents of living 
organisms, namely the nucleic acids, proteins, lipids, sugars and smaller metabolites or 
inorganic ions. Here, technical advances permitting simultaneous acquisition of information on 
many different types of each class of biomolecules has led to the fields of genomics, 
transcriptomics, proteomics, lipidomics, glycomics, metabolomics and metallomics, 
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respectively. A systems approach calls for establishing the appropriate links between different 
large sets of data on different biomolecules that would permit a sensible synthesis of the 
multiple observations.  
 
I am setting out to study the influence of the genome on establishing the fly metallome (the 
fly’s inorganic elemental composition defined in order of abundance as phosphorus, 
potassium, sulfur, sodium, magnesium, calcium, zinc, iron, manganese and copper). I will 
present the rationale for an ongoing genetic screen for mutants that significantly alter such 
composition, providing initial results and an example of what we can learn from such an 
approach. As the metallome of individual flies is also influenced by the presence of metals 
and their natural chelators in the diet, I am also working to establish the relationships between 
dietary concentrations of metals and their accumulation in flies from isogenized populations of 
different origin.  
 
 

 
 
Recruitment shapes the spatio-temporal distribution of the Vestigial domain in Drosophila 
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How patterns that determine cell fates get established is a fundamental problem in 
developmental biology. In the developing wing of Drosophila melanogaster, the wing fate is 
defined by the expression of the selector gene vestigial (vg). The size of the Vg domain is 
determined by two mechanisms. First, through proliferation of Vg-expressing cells near the 
dorsal-ventral boundary of the wing disc, and second, through the propagation of the Vg 
pattern to neighboring cells by a process known as recruitment. However, the spatiotemporal 
contributions of these mechanisms to the final size of the wing have not yet been carefully 
examined. We quantitatively measured the spatial pattern of Vg at different times during wing 
disc development and show that it is expressed in a gradient with increasing width. 
Interestingly, the Vg pattern changes of size and shape in a very specific window of time, 
suggesting that the contribution of recruitment is spatially and temporally controlled. To 
mechanistically interpret these results, we developed a Cellular Potts Model of a growing 
tissue where the Vg concentration expressed in each cell is assumed as a function of its 
difference with the neighboring cells and encoded by an Ordinary Differential Equation. The 
agreement between the experimental data and the modeling results here presented suggests 
that the proposed recruitment mechanism could, at least in part, explain the spatio-temporal 
distribution of Vg.  
 
Keywords: spatio-temporal distribution of vestigial, recruitment, mathematical modeling. 
Abbreviations: vg: vestigial gene, Vg: Vestigial protein 
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The gynoecium, the female part of the flower, is essential for reproduction, nursing the ovules, 
facilitating pollen capture and pollen tube growth through the ovary, and, after fertilization, 
protection of the developing seeds and later on their dispersal. Flower and fruit development 
has been studied over many years and many genes have been described as regulators of 
these processes, but information on how they work at the molecular level is scarce. The 
majority of those genes are transcription factors that in general work cooperatively to control 
development, however, information on those complexes is also scarce. Therefore, we have 
an interest in studying protein-protein interactions formed by transcription factors. 
Using the yeast 2-hybrid (Y2H) system we tested over 7,000 binary protein-protein 
interactions between most of the well-characterized transcription factors involved in 
gynoecium and fruit development in Arabidopsis. Our interaction map has over 250 
interactions. We started to study clusters of highly interconnected proteins inside this 
interactome as a representation of functional modules or possible protein complexes. The 
integration of our Y2H data, with previously reported protein interactions and gene expression 
data allows us to propose higher-order protein complexes, detect new actors of gynoecium-
fruit development, and suggest novel functions for well-studied genes. This protein interaction 
map is an important component of the gene regulatory network guiding the formation of a 
complex structure like the gynoecium. The latest results will be presented. 
 
Keywords: Gene regulatory networks, Gynoecium development, Protein interactions, 
transcription factors. 
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The genetic architecture of complex biological phenomena, such as lifespan, is often studied 
by deleting genes that, in combination with other modifiers, impact the phenotype in a 
quantitative manner. In yeast, the chronological lifespan is defined as the time that a non-
dividing population of cells remains alive and it has been used as a model to understand 
aging. Importantly, many of the genes that influence aging in yeast have a similar conserved 
effect in other organisms, including humans. For instance, the signaling pathway of Tor 
senses and responds to nutrient conditions and is a highly-conserved modulator of lifespan.  
To gain insights on the intra-species conservation of mutational effects on aging, we 
quantified the effects of deleting nine genes of the Tor-pathway in six yeast strains isolated 
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from diverse geographical and ecological origins. We measured the effects of such mutations 
on longevity using a novel high-resolution competition method that directly compares the 
death rate of mutations compared to their corresponding wild types. Our results show 
extensive variation in the phenotypic effects of deleting these genes. Such variation differed 
depending on the position of the gene in the pathway: modules of Ras/cAMP/PKA and 
Tor/Sch9 showed intra-module co-variation but had different variation patterns between 
modules. We are currently searching for epistatic interactions that may explain the differences 
between strains at the mechanistic level. In addition, by testing defects in growth under 
different stresses, we are exploring the possibility that natural variation of pathways is always 
modular regardless of the phenotype tested.  
Our findings suggest that the effects of modifying a conserved pathway to extend longevity in 
other organisms are different depending on the genetic background of the individuals in which 
the modifications are tested. The underlying genetic mechanisms of differences and their 
degree of conservation across different species remain to be elucidated. 

 

 

Development of a multi-modular boolean network for the study of acute lymphoblastic 
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Cell fate decisions taken through hematopoiesis progression, depend on intrinsic factors and 
extrinsic signals provided by the bone marrow (BM) microenvironment. Abnormalities in 
extrinsic regulatory factors appear to be key contributors of hematological malignancies 
including acute lymphoblastic leukemia (ALL). B-cell precursor ALL is the most common 
cause of death for pediatric cancer. However, despite intense research, the etiology and 
progression of leukemia are yet to be unraveled. Leukemogenesis appear to be an emergent 
event of deregulated modules involved in the determination of cellular processes (e.g. 
proliferation, differentiation, apoptosis), alterations in the genetic regulatory network of early B 
lymphopoiesis, and communication with BM microenvironment. We proposed the 
reconstruction of these three modules merged in a network incorporating representative 
molecules in order to generate an in silico tool to understand the processes leading in the 
development of B-ALL. The attractors obtained by the computational simulations of the 
network as a boolean model, have shown comparability with the cellular responses to 
microenvironmental cues involved in homeostasis and emergency induced by TLR 
stimulation. Attractors interpretation is principally targeted by the analysis of three nodes 
representing cell decision fates (e.g. cell growth arrest, proliferation and apoptosis). The 
model is also being simulated with MaBoss, tool that uses Monte-Carlo simulations to 
compute an estimate of the temporal evolution of probability distributions, as an 
approximation of cell populations dynamic in ALL. This tool will allow the study of the normal 
hematopoiesis replacement probably, mediated by microenvironment remodeling driven by 
leukemic cells. 
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The role of intra-specific niche variation in the coexistence of species has just recently been 
addressed. Contrary to one can first suspect, it has been concluded that in most cases intra-
specific niche variation reduce the likelihood of coexistence between species. This is a 
consequence of an increase in the inter-specific competition at the same time that intra-
specific competition is reduced. This reduces the possibility to fulfill to the known ecological 
condition that intra-specific competition must be greater than inter-specific competition in 
order for coexistence to be viable. 

On the other hand, there has been empirical observations showing that intra-specific variation 
is enhanced by limited resources. Specifically, in the scenario with higher empirical support is 
when all individuals have the same preferred resource but differ in the secondary preferences. 
So when this preferred resource is depleted, individuals start to forage on alternative preys, 
which increases inter-individual diet variation. This led to a species niche that is dynamically 

shaped by competition. 

In this work by means of an Individual Based Model we analyze the consequences of 
dynamically niche variation in species coexistence. We found that in some circumstances this 
mechanism increase the chances of coexistence. In particular, if there is a trade between 
dominance and niche adaptability, this mechanism increase the surviving chances of an 
inferior species. 

∗  jorge.velazquezcastro@correo.buap.mx 
† raulcpereira@gmail.com 

 

 

Plasmids as a genetic variability generator mechanism. 

José Carlos Ramón Hernández Beltrán 

 
Bacteria contains its genetic material in a single circular chromosome. Furthermore, some 
bacteria might have additional DNA physically separated from the chromosome, which 
replicates independently, such molecules are called plasmids. There is a great diversity of 
plasmid characteristics such as size, function, copy number, to mention some. 
 
There are several studies about plasmids because they are a very useful tool for genetic 
manipulation and they confer many additional functions such as antibiotic resistance. The 
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great majority of this studies focuses on horizontal gene transfer since many plasmids posses 
the necessary machinery to transfer themselves to a nearby bacteria whom do not posses the 
plasmid. 
 
In this project, we achieve to analyze the consequences of carrying a small plasmid with small 
copy number, without active partition, with an antibiotic resistance gene and a fluorescent 
reporter gene.  Under this properties, we submit the bacteria to distinct environments in order 
to analyze their phenotypic plasticity and evolvability in comparison whit bacteria carrying the 
antibiotic resistance gene in the chromosome and the wild type phenotype. 
 
To achieve this goal, we developed an individual agent model. With this model we have been 
able to simulate the behavior of the three bacterial strains growing under different antibiotic 
conditions, as well as the plasmid dynamics and the evolutive advantages this confers. 
Additionally to it, we count with a microfluid experimental system through which we can 
dynamically manipulate the environment in which the bacterial are growing to obtain 
observations in real time. 
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The transition to multicellularity, recognized as one of the major transitions in evolution, has 
occurred independently several times. While multicellular development has been extensively 
studied in zygotic organisms including plant and animal groups, just a few aggregative 
multicellular organisms have been employed as model organisms for the study of 
multicellularity. Studying different evolutionary origins and modes of multicellularity enables 
comparative analysis that can help identifying lineage-specific aspects of multicellular 
evolution and generic factors and mechanisms involved in the transition to multicellularity. 

Among aggregative multicellular organisms, myxobacteria are a valuable systems to explore 
the particularities that aggregation confers to the evolution of multicellularity and mechanisms 
shared with clonal organisms. Particularly, Myxococcus xanthus has been employed as 
organism model for the study of multicellularity. Upon starvation, M. xanthus individual cells 
starts to aggregate and develop into mound-like structures called fruiting bodies in which cell 
differentiation occurs. During development, individual cells reach one of at least three different 
cell fates. Over the years, the components and interactions among them underlying cell fate 
determination have been identified and characterized. However, most of this information 
remain isolated. 



To gain insights into the M. xanthus development, we integrated the experimental information 
into a dynamic Boolean model to study how the cell fates might be explained as the result of 
the underling regulatory network. Since M. xanthus development involves thousands of 
individual cells, we aim to develop a spatial model using the Potts models to understand the 
collective behavior observed during multicellular development. In this model, we incorporate 
the cell-cell adhesion, intercellular communication. the internal regulatory network as well as 
the aggregative behavior. 

We propose the model as a tool to study the impact of cellular aggregation in the 
development of aggregative organisms. 

 

Olguín-Galicia Karla F.* Rodriguez-Salgado Ariadna*, Azcona-Robles Miguel Ángel*, Ríos-

Flores Alberto Jesús* 
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Stress factors that affect cell pigmentation in causal fin regeneration in zebrafish (Danio reiro) 
the following work propose an experiment that explains how does the effect of enviromental 
external stress factors play a role in tissue regeneration on the causal fin of the zebrafish 
(Danio reiro)  
Several studies have reported that Danio reiro has the ability to regenerate severed and 
damaged fins, regardless of the number of times the tissue has been damaged.The following 
project expects to record and determine the impact of external factors that mediates directly in 
the regenerative tissue process in Danio reiro. All living organisms possess a series of 
biochemical and genetic mechanisms which regulates their fisiological functions. 
Tissue regeneration Is involved in those processes and also in systems biology. To this day, 
the genes responsible of tissue regeneration in causal fin (tail) have been identified, which 
leads to the task of integrating all recorded progress in a model which allows to understand 
how Is regenerative tissue mechanisms synced with enviromental external factors. 
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Resistin is a hormone that has been implicated in type II diabetes mellitus. Therefore, sensing 

of resistin levels by high-affinity short peptides can yield to the development of point-of-care 

nanodevices for diabetes prevention. In this work, computational design of dodecapeptides 

with high affinity to resistin was performed. The dodecapeptides sequences and structures 

were optimized in order to maximize the binding affinity by sampling in sequence and 



conformational spaces using Replica Exchange Molecular Dynamics (REMD) and Monte 

Carlo (MC) calculations. Ten water soluble dodecapeptides with affinities ranging from −18.82 

to −20.25 kcal/mol were selected. Two of those selected were chosen to perform a more 

rigorous calculation of the absolute binding free energy based on a thermodynamic cycle and 

alchemical method. In alchemical free energy calculations, unphysical intermediates to 

estimates the free energies were used in two precess: a) decoupling the ligand from the 

complex and b) solvation free energy of the ligand. During the decoupling of the ligand to the 

complex, distance restraints were imposed in order to avoid the ligand leaving the binding site 

when interactions were scaled. Then, the restraints contribution to the binding energy was 

estimated analytically. 
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In recent years, different kinds of foodstuffs have been studied in order to know their medical 
benefits, such as antioxidant and anti-inflammatory elements, which help to prevent and 
reduce different types of diseases. Among the studied foodstuffs highlights the Curcuma 
longa L. root. In this work, different types of commercial turmeric powder were optically and 
thermally characterized by photothermal techniques, obtaining their optical absorption 
spectrum, as well as a complete thermal characterization of this root. On the other hand in the 
present study it was used Photoacoustic spectroscopy (PAS) to study the optical absorption 
spectra of blood from Fisher rats with and without hepatic damage, comparing the amplitude 
of the characteristics peaks of blood α(585nm), β(550nm) and γ(420nm) because it is 
possible to associate the peak ratios γ/β and γ/α with differences in concentrations of 
haemoglobin in the studied samples. 
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Dynamic of control of territory in the game of Go, by black stones that play first, it could 
correspond to a metaphor of the born, growth and metastasis of cancer. And, playing white 
stones at the second turn, it would correspond to the therapy of bounding and inhibition of 
cancer expansion. Each tactic of Go can be lighten into the cancer dynamic, and by this 
correspondence, efforts in the mathematical modeling and algorithmic simulation in computer 
Go can benefit the efforts to deploy therapies to surpass cancer illness. 

I. Game of Go 

Mathematical modeling and algorithmic setting of Go game is a meaningful problem in the 
state of the art of sciences. The complex interaction among elementary black and white 
stones over a squared board in Go gaming, looks-like similar to the modeling of complex 
interaction from simple elements in major nature and social phenomena. A Go gaming state 
or Go state is a board configuration given by the combination of black/white/empty board 
positions, that is, the black/white/liberty Go gaming positions. Formal analysis of Go game is 
core in advances in computer science likewise the analysis of Chess was during the 20th 
century. Recent categorical triumph from computer Go player AlphaGo, over Lee Sedol, 
number 2 world Go player, is a meaningful triumph of Go game computational intelligence, 
http://senseis.xmp.net/?AlphaGo. Moreover, this year AlphaGo won 60 online matches to top 
human Go players, so preeminence over humans is absolute. An excellent site with diverse 
and whole Go game information is http://senseis.xmp.net/. 

Go is a 2 players, zero-sum and complete information game, black versus white stones that 
official go ban board is a 19 x 19 grid. Goal of successful beat is to get the most of the board 
territory. By turn, each player places one black/white stone on an empty board cross-point 
position. Black plays first and white receives a compensation komi by playing the second turn 
[8]. Same color stones joined in horizontal or vertical line form up one indivisible compound 
stone, hence long single stones are struggling for achieving territory control. One stones 
liberty is any contiguous vacant board cross-point in the vertical or horizontal direction not 
diagonal. Once a stone is placed on board is captured by adversarial stones by reducing their 
liberties to zero and is the condition to be removed. Placement of stone that would result in 
direct capture is suicide that is not allowed. A stone is alive if cannot be captured and dead if 
cannot avoid be captured. The game ends when both players pass turn. The score is 
computed based on both board territory occupied and the number of adversarial simple 
stones captured. The winner has the largest territorial control and the largest number of 
captures, as the most usual criteria. 

Go match triumph is got by means of highly complex strategies constructed since the tactics 
before described. An early invasion or reduction move should be completed through 
placement of ally stones so close to connect them in few tries; a usual reduction move is to 
avoid the area be fully occupied by adversary stones. Go strategies follow sequences of 
actions being deployed using the aforementioned tactics. Hardest task is to evaluate the 
control board area and the dominion status of a player at a given stage of the game, for 
humans or computer players, which disarming simplicity not avoids a complex combinatorial 
process to attain efficient strategies. 

The recognition and discrimination of meaningful perceptual stimuli presupposes the active 
formation of stable perceptual elements to be recognized and discriminated. First, consider 
the spontaneous grouping of stones of the same color which occurs during visualization of a 
GO board in an advanced match, see http://senseis.xmp.net/?WhatIsGo#toc2. The stones 
are organized into distinct groups, clusters, or armies even though they may be sparsely 
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scattered about or somewhat intermingled. Grouping is usually the result of proximity of 
stones of the same color or the predominance of stones of one color in an area, but can be 
affected by other characteristics of the total board situation. The area subtended by the board 
is divided into black and white territories, each of which maintains its own integrity in the 
visual held. These segments are a measure of the territory which is controlled by either side, 
hence are an important factor in the assessment of a GO board. Another example is the 
formation of "spheres of influence" about a stone or group of stones. Influence is not an 
inherent property of stones, but appears to be induced in them by our processes of 
perception.  

Detailed description of Go tactics follows. 

i. Invasion: stones allocation in an empty board neighborhood. 
ii. Reduction: stones allocation near of adversarial invasion stones to diminish their influence. 
Iii. Eye: board empty cross position adjacent to 4 same color stones. 
iv. Atari: a stone is in Atari if is rounded by adversarial stones and has one single liberty. 
v. Stair: set of same color stones in Atari. 
vi. Net: set of same color stones doing a relax barrier to adversarial stones. 
vii. Connection: two same color stones sharing one liberty do connect by a third same color 
stone placed on the shared liberty. 
viii. Ko: equilibrium between adversarial groups of stones such that each can made an equal 
mutual capture. 
 

II. Cancer 
In cancer beginning, spreading and control the next characteristics are present. 
1. Cells excessively growth, random appearance, in its near neighborhood. 
2. Cancer creates its own net of blood vessels for propagation. 
3. Metastasis: cancer cells can spring in a far neighborhood to the site they first burst. 
4. Immune system do react to cancer spreading by: 
 a. Local level 
 b. Metastasis. 
Go tactics interpretation in terms of cancer dynamics, both of growth and control. 
 a. Invasion: sick cells burst in the tissue. 
 b. Reduction: immune system cells or from radio- or chemical- therapy try to inhibit or 
 disappear the cancer cell by acting in their near neighborhood. 
 c. Eye, stair: cancer cells closely rounding by healthy cells neighborhood. 
 d. Net: cancer cells relaxed rounding healthy cells neighborhoods. 
 e. Connection: coverage of the small spaces by cancer cells to healthy ones. 
 f. Atari: group of cancer cells rounding a very small space of healthy cells. 
 g. Ko: equilibrium of cancer and healthy cells over tissue’s neighborhoods. 
 

III. Ising model for Go and cancer 
We use the Ising model classical tool for modeling dynamic changes in complex interaction to 
fundament the algorithm to quantify the cooperation strength among allied stones or tension 
against the adversary stones struggling in a Go game beat. At some moments during a Go 
match, a phase-transition-like process corresponds to strong preeminence of blacks over 
white or conversely. The ever intricate Go interaction and the need to measure each gamer’ 
strength at any beat step is the major challenge to deal with. 
 



 

Understanding the non-linear interactions between the gene regulatory network and two 

hormone signaling pathways in the root apical meristem of A. thaliana 

Mónica L García-Gómez 

The study of the concerted action of hormones and transcription factors is fundamental to 
understand cell differentiation and pattern formation during the development of multicellular 
organisms. The root apical meristem of A. thaliana consists of a stem cell niche that houses 
undifferentiated cells whose progeny divide actively, increasing exponentially the number of 
cells that eventually stop dividing and begin to differentiate. These different cell behaviors are 
correlated with distinctive auxin and cytokinin activity profiles, that have mutually exclusive 
domains in the meristem and have been linked as positive and negative regulators of cell 
proliferation. Interestingly, the signaling pathways of these two hormones regulate and are 
regulated by several components of the gene regulatory network that underlies the cell 
specification of different tissues of the root. For instance, WOX5 is a transcription factor that is 
key for the activity of the stem cell niche and it is positively and negatively regulated by auxin. 
How is it that auxin can trigger these opposite effects in the root meristem is not clear, but it is 
likely that the regulatory crosstalk between transcriptional regulators and signaling pathways 
could be important to understand it. To address this question, we proposed a Boolean model 
of the genetic-hormonal regulatory network of the root apical meristem to integrate known and 
predicted regulatory interactions. Our analyses show that novel regulatory interactions are 
necessary for the model to be able to recover attractors corresponding to the genetic 
configurations and hormone activity profiles that correspond to different cells of the root apical 
meristem. Additionally, the model provides a mechanistic explanation to the opposite roles of 
auxin over WOX5, indicating that its effect might be context-dependent. Our results show how 
non-linear qualitative network models can be useful for characterizing the complex genetic 
and hormonal interactions that underlie the activity profiles that arise during development. 
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Several stimuli trigger the release of ATP from human erytrocytes (rbcs). ATP exit can be 
modulated by mechanical stress, purinergic signaling, adhesion and/or changes in cell 
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volume (Vr). In vivo, intravascular increases of rbcs-derived extracellular ATP (ATPe) may 
regulate vasodilation and inflammation.  
We studied the effects of peptides on the regulation of rbcs-derived ATPe. We used 1- the 
tetradecapeptide mastoparan 7 (MST7), which may activate cell swelling (i.e., Vr increase) 
and/or an increase of cAMP concentration. Both processes may activate ATP exit; 2- Beta 
amyloid peptides A1-40 and A1-42, which accumulate in the blood of healthy individuals 
and, more importantly, of Alzheimer patients. Ageing of A (i.e. peptide incubation in the 
absence of cells) provoke the irreversible transition of these peptides from its monomeric form 
to oligomers and fibers, with unknown consequences on ATPe regulation of rbcs.  
 
Methods 
ATPe was assessed continuously by real time luminiscence using the luciferase-luciferin 
system. Results were expressed as [ATPe] at every time point of a kinetic curve (i.e., ATPe 
kinetics), with [ATPe] expressed as pmol/106 cells or nM/40 μl. Alternatively, increases in 
[ATPe] were evaluated as the difference between [ATPe] at 1 min post stimulus and the basal 
[ATPe], and are indicated as ΔATP1 (nM/3 106 cells). 
Vr was followed by fluorescence microscopy using BCECF loaded rbcs.  
Rbcs were attached on coverslips coated with 0.01% poly-D-lysine.  
For MST7 exposed rbcs, the dynamic regulation of Vr and ATPe was analyzed by means of a 
data-driven mathematical model. 
 
Studies using A 
A1-40 and A1-42 were allowed to age for 0.25-72h before use. MST7 was used as a positive 
control of ATP release. The effects of 1 µM A peptides on ATP release was acute, thus 
allowing to calculate ΔATP1 values.  
In rbcs, A1-40 aged for 23hs and 72hs, causing a 6.25 and 21.02 nM/(3 106cells) increase of 
ΔATP1 with respect to untreated rbcs (controls). 
On the other hand, exposure of cells to A1-42 aged for 0.25-23hs triggered a 15.0-16.7 nM/(3 
106cells) increase of ΔATP1. For A1-42 ageing ≥48hs, ΔATP1 increased by 71.6-104 nM/(3 
106cells). These values were approx. 2 to 3-fold higher than those obtained by MST7 
exposure. 
Current experiments are aimed at identifying the plasma membrane conduits responsible for 
A dependent ATP release of rbcs. 
 
Studies using MST7 
MST7 triggered ATP release and swelling. Since swelling is a well-known inducer of ATP 
release, and extracellular (ATPe), interacting with purinergic receptors, can affect Vr, we 
explored the reciprocal regulation between Vr and ATPe. 
Kinetics of ATPe and Vr was assessed in the absence and presence of blockers of ATP 
conduits, swelling and purinergic receptors. 
MST7 promoted acute, strongly correlated changes in [ATPe] and Vr of rbcs.  
Whereas MST7 induced increases of 10% in Vr and 190 nM in [ATPe], blocking swelling in a 
hyperosmotic medium + MST7 reduced [ATPe] by 40%.  
In MST7 treated rbcs, pre-incubation of rbcs with 10 mM of either carbenoxolone or 
probenecid, two inhibitors of the ATP conduit pannexin 1, reduced [ATPe] by 40-50% and 
swelling by 40-60%, while in the presence of 80 U/ml apyrase, an ATPe scavenger, cell 
swelling was prevented. 



Pre-exposure to 10 mM NF110, a blocker of ATP-P2X receptors mediating sodium influx, 
reduced MST7-dependent [ATPe] by 48%, and swelling by 80%, whereas in sodium free 
medium swelling decreased by 92%. 
Results were analyzed by means of a mathematical model. The best fit model showed that, 
upon MST7 exposure, ATP efflux required an approx. 2000-fold increase of ATP permeability 
mediated by two kinetically different conduits, both of which were activated by swelling and 
inactivated by time. The accumulated ATPe activated P2X receptors, followed by sodium 
influx, resulting in cell swelling, which in turn further activated ATP release. This sequence of 
events constitutes a positive feedback loop underlying ATP-induced ATP release of rbcs. 
  
General conclusions 
Results with MST7 show that swelling and ATPe may regulate reciprocally in a dynamic 
manner, with purinergic signaling acting as a bridge connecting the dynamics of Vr and ATPe. 
This means that even slight increases of Vr may strongly activate ATP release.  
A peptides, on the other hand, can activate ATP release to different extends. 
The fact that the magnitude of ATP release increased with ageing of the peptides suggests a 
role of their oligomerization state in controlling ATPe homeostasis. 
Preliminary results show that A peptides may also cause rbcs swelling, a result which –as 
with MST7- may anticipate a closed connection between changes in Vr and ATPe. 
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Angiogenesis is one of the main mechanisms that allow the network of blood vessels to adapt 
to the changing requirements of the body during development, aging and wound healing. 
Angiogenesis allows existing blood vessels to form new connections or reabsorb existing 
connections. Blood vessels are composed of a layer of endothelial cells (ECs) covered by one 
or more layers of mural cells (smooth muscle cells or pericites). The structural integrity of 
blood vessels is maintained by mural cell-secreted ANG1 and mechanical forces that 
maintain TIE/AKT signaling pathway activity. ECs in stable vessels are called Phalanx cells. 
Insufficient oxygen or energy causes the affected cells to secrete vascular growth factors 
(VEGFs). When a sufficient concentration of VEGFs reaches a blood vessel, it triggers mural 
cell detachment and extracellular matrix degradation. Certain ECs are exposed to a higher 
concentration of VEGF then their neighbors, in those cells, the VEGF, TSA, PLC, and STAT 
signaling pathways cause cytoskeletal rearrangement and the formation of long and dynamic 
filopodia, this ECs are known as Tip cells. Tip cells prevent neighboring cells from becoming 
Tip cells by a NOTCH, WNT and TGF mediated lateral inhibition mechanism and induce them 
to become Stalk cells. Tip cells migrate towards the VEGF source trailed by dividing and 
elongating Stalk cells until they reach another sprout or vessel forming a new anastomosis. 
Then shear-stress and merging vacuoles secreted by stalk cells lead to lumen formation. The 



ECs of a newly formed vessel secrete PDGF leading to mural cell recruitment and vessel 
stabilization. Defects in molecules involved in angiogenesis control are involved in the 
formation of venous and arteriovenous malformations as well as retinal vascular disorders, 
atherosclerosis and other important diseases. We constructed a computational model of the 
molecular regulatory network involved in angiogenesis control using the Boolean formalism. 
Our model includes more signaling pathways than any other published so far. The simulated 
dynamic behavior of our model includes stable patterns of molecular activation that 
correspond to those reported in the literature for Phalanx, Tip, Stalk, and destabilized ECs. 
The simulated microenvironments that lead to changes in endothelial cell behavior also 
correspond to those reported in the literature. We compared the simulated effects of loss and 
gain of function mutations to the experimentally observed effects of those same mutations to 
validate our model. ANG1, a high AMP to ATP ratio and hypoxia can prevent Tip cell behavior 
in the absence of shear stress. 
 

 

 
Neuromodulation in crustacean circadian rhythm: a theoretical analysis 
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Circadian rhythms are universal biological clocks that synchronize cell and organism 
behaviors with natural rhythms. Their main role is probably to regulate the sleep-wake cycle. 
Although a “master clock”, a single physiological structure responsible for generating 
circadian rhythm, has yet to be found, specific organs and systems are responsible for 
robustly maintaining circadian activity in different organisms, for example, the 
suprachiasmatic nuclei (SCN) in the human hypothalamus, the pineal gland in birds, and the 
eyestalk in crustaceans. Robust maintenance of circadian rhythms rely on endogenous 
release of hormones and neurotransmitters, the resonance of several shorter, ultradian 
(shorter than a day) rhythms, the synchronization with exterior cycles such as food and light, 
and other properties particular to the organism, e.g. age. Thus, complexity issues. Recently, 
cellular excitability and its modulation have also been identified as key players in the genesis 
and regulation of circadian rhythms. 
In the case of crustaceans, such as the crayfish members of the Procambarus genus, the 
eyestalk serves not only as a sense organ, but also coordinates rhythms involved in the 
individual’s movement and its locomotor system. The X organ-sinus gland system, located in 
the eyestalk, is of particular interest because it houses 150 – 200 neurosecretory cells that 
release various hormones, some of which are crucial to regulate blood sugar levels and 
molting. Recordings of X organ neurons during the circadian cycle show rich transitions in 
their electrical activity. Within an 11 hour time-lapse they have been shown to exhibit tonic 
spiking, repolarizing blocks, low-amplitude oscillations, bursting, and silence. These changes 
are mediated by a plethora of neuromodulators, like γ-aminobutyric acid (GABA), Met-
enkephalin (Met-enk), and 5-hydroxytriptamine (5-HT), and regulate the type and amount of 
neurotransmitters and hormones released during the day by the X organ-sinus gland system. 
We employ conductance based modelling and novel non-linear sensitivity analysis techniques  
to explore the maximal conductance space and formulate predictions about the 
neuromodulatory mechanisms underlying the spiking mode transitions observed in the X 
organ during the circadian cycle. We use a state-of-the-art neuronal conductance-based 
model of a stomatogastric ganglion (STG) neuron in Cancer borealis [6]. This model is able to 
robustly reproduce all the activity patterns observed in the X organ and has been widely used 



for neuromodulation studies. Our analysis leads to clear predictions about the possible paths 
in the maximal conductance space that realize circadian neuromodulation in the X organ. 
 

 

 

DNA methylation network in Autism Spectrum Disorder 
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Genome Wide Association Studies (GWAS) have failed to find SNPs or sequence modification 
in loci that explain the entirety of cases of autism spectrum disorder (ASD). Our laboratory as 
conducted a study that explorates DNA methylation marks in 27 male children and has found 
different methylation levels in promoter regions of genes that have demonstrated to 
participate in networks that have been proven to be involved in ASD. Here we propose a 
network using comethylation patterns that may explain gene dysregulation mechanism that 
polymorphisms are missing to explain.    
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High throughput data, such as microarrays, RNA/ChIP-seq or protein-protein interaction data 
can be integrated in order to obtain a global view of gene regulatory interactions in plants and 
other organisms. High throughput technologies have therefore been instrumental for the 
transition from a gene-centric view to a group-of-genes (that is, a network) view of biology 
and, in particular, developmental processes. In plants, this transition is specially relevant: one 
of the paradigms of plant development, the ABC model of flower development, has a “one 
gene equals one organ” logic, and this mental framework has guided plant research for 
decades.  
Our work has focused on using high throughput data to predict and understand plant 
developmental processes using two approaches. First, publicly available microarray data was 
used to obtain putative transcriptional regulatory networks for different Arabidopsis thaliana 
organs, namely roots, flowers and seeds. Subsequent experimental work showed that genetic 
or functional gene interactions can be accurately predicted by such networks. In a second 
approach, we combined publicly available RNA-seq, ChIP-seq, DAP-seq and Y1H data to 
obtain a map of protein-DNA interactions for the developing gynoecium, which is the female 
reproductive organ in flowering plants. This network uncovered complex feed-forward loops 
that link homeotic genes to adaxial-abaxial patterning genes, thus providing a molecular 
foundation for the establishment of polarity in developing gynoecia. The challenge for the 
future will be to integrate inferred and experimental networks, and together with protein-
protein interaction data, obtain a comprehensive and time-resolved view of plant 
developmental processes. 


