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VERHULST FACTOR IN THE PENNA MODELOF BIOLOGICAL AGING�Jakub D¡bkowskia, Maªgorzata Grothband Danuta Makowieaya Institute of Theoretial Physis and Astrophysis, Gda«sk UniversityWita Stwosza 57, 80-952 Polandb Faulty of Chemistry, Moleular Modeling GroupGda«sk University, Poland(Reeived Otober 1, 1999)The Penna model with simpli�ations aimed on elimination of random-ness from the system dynamis is onsidered. In the deterministi systemresulting, the relation arising from the Verhulst fator between familiesonstituting the population is examined. An example of self-ontrollinghaoti system of two-families is presented.PACS numbers: 05.45.+b, 89.60.+x1. IntrodutionAlthough originally the Penna model was designed to reonstrut theproess of biologial ageing, it soon has appeared that the model is attra-tive to study other evolutionary fats. Attributing a family name to eahindividual of an initial population we an searh for reasons of the mito-hondrial Eve. The interest in the suh e�et is motivated by the followingbiologial observation. The mitohondrial DNA � DNA existing outsidehromosomes, is inherited only from mother to hild, without any ontri-bution from father [1℄. Therefore, di�erent strands of mitohondrial DNAat like di�erent family names of the Penna model. So that, observation ofthe seletion of one winning family in the Penna model ould give insightsinto the hypothesis of existene of the ommon female anestor, alled mi-tohondrial Eve, for the whole human population. In the Penna model theseletion proess is easily to be observed, espeially, when the population isstationary.� Presented at the XII Marian Smoluhowski Symposium on Statistial Physis,Zakopane, Poland, September 6�12, 1999.y e-mail: fizdm�univ.gda.pl (1027)



1028 J. D¡bkowski, M. Groth, D. MakowieIt has been found that after a short period of time, when the self-organization of the population takes plae to selet the best �tted families(see [2℄ for details), the stationary state is reahed. The properties of thestationary state arise from the adjustment between the basi Penna modelparameters, see [3℄. One of these parameters, the so-alled Verhulst fatorV (t), seems to be responsible for the stationary evolution. As the e�et ofthe ativity of the Verhulst fator we observe the stationary evolution as itis a simple stohasti proess. The evident harateristi for the stohastibranhing proess like surviving of one line of anestry only, is observed.Moreover, as the Verhulst fator arises from the famous logisti map, somefeatures originated from the logisti map an be found in the model.The role of the Verhulst fator in the Penna model is disussed from bothsides: evolutionary genetis, see [4℄, and system dynamis, see [3, 5℄. Theattempts are done, like implementing the Penna mirodynamis on a lat-tie, see [6,7℄ or onsidering the Verhulst whih depends on age, see [10℄, toweaken this role. In the following paper we onsider the population arisingfrom the Penna mirodynamis, however, these mirorules work on a verysimple olletion of individuals. The simpli�ations introdued are aimedon elimination of randomness from the system. Then, in the deterministisystem resulting, we examine the relation between two families onstitutingthe population whih is a�eted by the Verhulst fator. This relation is stud-ied by manipulating with the extra parameter introdued by us, alled theonjugation parameter. Finally, we present an example of the self-ontrollingevolution of the population onsisting of two families.2. The asexual Penna modelIn the asexual Penna bit-string model eah individual is haraterizedby a string of 32 bits, alled genome. Eah bit of a genome represents onesubsequent period of life, alled year. If at the age i the ith bit in the genomeis set to one, the individual su�ers the e�et of a deleterious mutation, alleddisease, from this age on until death. If the ith bit is set to zero no diseaseours. When the total number of aumulated diseases reahes a valuegreater than or equal to a limit T , the individual dies. The individual analso die beause of lak of food and spae. This is taken into aount throughthe Verhulst fator: V = 1� N(t)Nmax ; (1)where N(t) is the urrent population size and Nmax is the maximum arryingapaity of the environment, de�ned at the beginning of the simulation. Thisfator determines for eah individual and independently of the individual'sboth genome and age, the probability to survive. After reahing the mini-



Verhulst Fator in the Penna Model : : : 1029mum reprodution age R, eah year an individual generates b o�spring. Thebaby's genome di�ers from the parent's one by m bits, randomly seleted.Only deleterious mutations are allowed. If a seleted bit is equal to one, itremains set to one in the o�spring's genome. Otherwise, if the seleted bit isequal to zero, the o�spring arries an additional deleterious mutation whenompared to its parent. To study the Eve e�et, eah individual obtains thename of the family, inherited from its parent.The �rst presentation of this model one an �nd in [8℄, the disussionof many features together with the modi�ations is in [9℄. The biologialmotivation behind the Penna model is the mutation aumulation hypothe-sis [11℄. 3. Simpli�ed modelThe proess of seleting of one winning family performs in the stationarypopulation, also. When the stationarity is gained, then the population of thePenna model an be seen as a olletion of individuals of two kinds only. The�rst part onsists of Kids waiting for the proreation age. The other partonsists of Parents that, if survives, produe b o�spring. Suh stationarydynamis an be reonstruted by some stohasti di�erene equations, see[3℄. Families onstituting the stationary population do not di�er from eahother � they have the same bit-string as well as age harateristis. So thatthe Eve e�et appears as the result of the well-known branhing proess.To get other insight into the Eve e�et we need to eliminate the random-ness from the Penna system. Therefore, we introdued some modi�ationsto the Penna model, namely, we assume that:(i) all individuals are haraterized by the same geneti ode and(ii) no mutation is introdued during a reprodution proess. In the resultof these assumptions the evolution of a population an be ompletelydesribed by di�erene equations.In partiular, let us onsider a population onsisting of two families,named A and B. All individuals of both families have the same genotype ofthe length of 3. Hene, the maximal time of life is the same for all individu-als and equals to 3. Let us assume that individuals of distint families havedi�erent reprodution time R. Let individuals of A family start reproduingat the age of 1 and eah individual within this family gives bA o�spring.Family B onsists of individuals whih start reproduing later than individ-uals of family A, namely, at the age of 2 and they give bB o�spring eahreprodution year. The evolution of the families de�ned above is desribed



1030 J. D¡bkowski, M. Groth, D. Makowieby the following equations:x(A)n+1 = bA[x(A)n � Int (px(A)n )℄+bA[y(A)n � Int (py(A)n )℄+bA[z(A)n � Int (pz(A)n )℄ ;y(A)n+1 = x(A)n � Int (px(A)n ) ;z(A)n+1 = y(A)n � Int (py(A)n ) ; (2a)x(B)n+1 = bB[y(B)n � Int (py(B)n )℄+bB[z(B)n � Int (pz(B)n )℄ ;y(B)n+1 = x(B)n � Int (px(B)n ) ;z(B)n+1 = y(B)n � Int (py(B)n ) : (2b)Where: x(i)n ; y(i)n ; z(i)n are volumes of A or B family one-year-old, two-year-old, three-year-old individuals, respetively,p = x(A)n + y(A)n + z(A)n + x(B)n + y(B)n + z(B)nNmax = N(n)Nmax = 1� V (n): (3)Hene p means the probability to die beause of the lak of the environmentspae. It is obvious that the volume of eah family depends on the value ofb's. Manipulating with values of bA and bB we an establish a stationarypopulation with any family winning, see Figs 1(a)(b)(). If bA = bB = 1,see Fig. 1(a), the family A is the dominant family in the population, whileif bA = 1 and bB = 3 then the family B is the winning family, see Fig. 1(b).When the birth rates b's are su�iently high, e.g., bA = 3 and bB = 5 weobserve the haoti hanges of the population size as it is expeted in aseof logisti map, see Fig. 1().Eqs. (2a) desribe the mutually related systems where the lose onju-gation is established by the Verhulst term, here in Eqs. (2a) represented bythe onjuntion parameter p whih reads as (3). To explain better how therelation between families ats, let us rewrite Eqs. (2a), however splitting thep fator into two fators pA and pB with one fator for eah family A and B,respetively. Let us introdue a parameter  2 [0; 1℄, named the onjugationparameter to measure the family onjugation, as follows:
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Fig. 1. Volumes of two families (irles � A, boxes � B) onstituting the Pennasimpli�ed population in subsequent iterations of Eqs (2a). Nmax = 100 000, x(A)0 =x(B)0 = 100 and y(A)0 = y(B)0 = z(A)0 = z(B)0 = 0, and (a) bA = bB = 1, (b)bA = 1; bB = 3, () bA = 3; bB = 5.
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Fig. 2. Volumes of two families (irles � A, boxes � B) onstituting the Pennasimpli�ed population in subsequent iterations of Eqs (2a) with the split environ-ment , i.e.,  = 0. Nmax = 100 000, x(A)0 = x(B)0 = 100 and y(A)0 = y(B)0 = z(A)0 =z(B)0 = 0, and (a) bA = bB = 1, (b) bA = 1; bB = 3, () bA = 3; bB = 5.
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pA = x(A)n +y(A)n +z(A)n +(x(B)n +y(B)n +z(B)n )Nmax ;pB = (x(A)n +y(A)n +z(A)n )+x(B)n +y(B)n +z(B)nNmax : (4)Notie, that  = 0 denotes that the families evolve independently of eahother, and  = 1 restores the relation studied in Eqs. (2a).In Figs 2(a)(b)() we present the solutions to Eqs. (2a), however with preplaed by p's of (4) and for the independent dynamis, i.e., with  = 0,and for the values of b's onsidered earlier. As we see dynamis of families ishanged. Eah of families evolves as this family is the only one in the wholesurrounding. One an say that both families live together side-by-side.
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Fig. 3. Bifuration diagram for volumes of two families (a) (A) and (b) (B), if theonjugation parameter  is hanged. For eah  2 [0; 1℄ with the step � = 0:001the �rst 500 iterations are skipped and the next 2000 points are plotted.



1034 J. D¡bkowski, M. Groth, D. MakowieIn Figs 3(a)(b) we present the, so-alled, bifuration diagram (see [12℄)for volumes of both families versus  parameter for the haoti region ofdynamis, namely, bA = 3 and bB = 5 . The original evolution of the familyA is haoti, while the evolution of the family B settles as the �xed pointwhen  = 0, ompare Fig. 2(). With inreasing of the onjugation betweenfamilies 0 <  � 1=2 we observe loosing the stability of the �xed point ofthe family B. The periodi evolution of both families is gained around thevalue  = 1=2. One an say the families ontrol eah other. When ! 1 thehaoti properties of the dynamis of the family A takes over the evolutionof the whole population, and, �nally, we have the result that is presented inFig. 1(). 4. ConlusionsAlthough our model an be seen as a toy-model omparing to the morerealisti omplete Penna model, it posses the feature whih allows us to getan insight into the role played by the Verhulst fator in the Penna model.We studied this role by observing the Eve e�et.In the homogeneous stationary Penna population, the only reason for theEve e�et is the randomness in the system. This randomness arises from thestohasti and independent of family membership hoie of an individual todie beause of environment restritions. However, if the population is nothomogeneous- the families di�ers from eah other by, e.g., the reprodutionage or by the birth rate, then the Verhulst onstrain auses extintion ofthe less suited family. To see both families alive, the environment has tobe split into separate parts and eah part has to be devoted to one family,only. One an say families are separated from eah other. Our studies of thein�uene of this separation provide that manipulating with the strength ofonjugation parameter we obtain a tool to ontrol the development of bothfamilies.This work is supported by the Gda«sk University Grant: BW 5400-5-0261-9.REFERENCES[1℄ M. Grey, Trends Genet. 5, 294 (1989).[2℄ M. Groth, D. Makowie, J. D¡bkowski, Biologial Aspets of Self-organizationin Penna Model of Evolution � poster on XX Max Born Symposium, Wro-law, 1999.[3℄ D. Makowie, M. Groth, J. D¡bkowski, Physia A273, 169 (1999).[4℄ S. Cebrat, Physia A258, 493 (1999).



Verhulst Fator in the Penna Model : : : 1035[5℄ A. Maksymowiz, In�uene of Variations in Threshold of Bad Mutations onAge Struture of the Population to appear in Physia A (1999).[6℄ A.O. Sousa, S. Moss de Oliveira, EPJ B (1999).[7℄ D. Makowie, Ata Phys. Pol. B31, 0000 (2000).[8℄ T.J.P. Penna,J. Stat. Phys. 78, 1629 (1995).[9℄ S. Moss de Olveira, P.M.C. de Oliveira, D. Stau�er, Evolution, Money, Warand Computers, Teubner, Stuttgart-Leipzig 1999.[10℄ P.M. de Oliveira, S.M. de Oliveira, D. Stau�er, S.Cebrat Penna Aging Modeland Improvement of Medial Care in 20th Century to appear in Physia A1999.[11℄ M.R. Rose, Evolutionary Biology of Aging, Oxford University Press, New York1991; B. Charlesworth, Evolution in Age-Strutured Populations, 2nd edn,Cambridge University Press, Cambridge 1994.[12℄ E. Ott, Chaos in dynamial systems, Cambridge University Press, Cambridge1993.


