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Appendix A. Subsystems of the prokaryotic cell cycle model

1. Genome DNA status model

At a current moment of the cell cycle a cell can contain genome DNA as a single or multiple autonomous units. Each autonomous unit is a copy of the genome containing only one replication termination site and possibly several replication initiation sites and several replication forks. Each genome copy is represented by a directed graph whose nodes and arcs are marked with additional information which is necessary to ensure unique description of the current status of a given genome copy. 

Let us explain the description by examples. Fig. A1 presents two simplest genome variants, which can be present in a cell during its life cycle, and the describing directed graphs.

A minimum genome variant represented by a non-replicating circular DNA is shown schematically in the left part of Figure S1а. On the scheme, two sites are marked: the replication initiation site OriC ([image: image1.emf]) and replication termination site TERM ([image: image2.emf]). In the models only circular genomes are examined so two genomic sequences L and R lead from OriC to TERM. Let us name one of the sequences the left arm and the other sequence – the right arm. Denote the length of the left arm by DistLOriC,TERM, the length of the right arm – by DistROriC,TERM. The length between the fixed positions on the DNA is given in arbitrary units. 
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Fig. A1. Examples of the genome variants which can be present in a cell during its life cycle.

The directed graph describing the minimum genome is presented in the right part of Figure A1а. It has two apices 
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 and two directed arcs 
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. The apex 
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corresponds to the replication initiation site OriC, which is denoted by O. n is a unique site number, which is labeled at birth in the process of replication initiation. Similarly, the apex 
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 corresponds to the replication termination site TERM, which is denoted by Т. m is a unique number of a given site, which is labeled at birth in the process of replication termination. 

The directed arcs 
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 correspond to the left and right arms of the minimum genome, which are denoted by letters L and R; dL and dR are equal to the arms lengths, respectively. For the minimum genome’s left arm dL=DistLOriC,TERM, for the right arm dR=DistROriC,TERM.

A replicating genome containing two replication forks is shown schematically in the left part of Fig. A1b. One fork moves along the left arm, the other fork – along the right arm. A directed graph describing this genome is shown in the right part of Figure S1b. The graph has five apices:
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And six directed arcs: 
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In the graph (Fig. A1b) for simplicity only apices are marked. In this graph there appear two new types of apices, 
[image: image19.wmf](,),(,)
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, which correspond to the forks. Apices of the FL (FR) type correspond to the forks replicating the left (right) arm of the genome. Each such apex, in addition to the type, is marked with number k, which is unique for each apex of the same type; this number is assigned to it at the moment of replication initiation in accordance with the algorithm described in Section 4.5. Each apex of the graph corresponding to the fork appears at its birth in the process of replication initiation and exists in the graph until replication termination. Identical numbers of the apices of different types mean that such apices correspond to the left and the right forks which appeared as a result of one and the same replication initiation act. The arcs correspond to the DNA sequences located between the respective objects, which are replication sites, replication forks and termination sites. The arcs are denoted by 
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, where the first sign denotes the apex from which the arc comes; the last sign denotes the apex which the arc is directed to, between the denotations of the apices there is a directed double arrow above which the arm type (X=L or R) is indicated and below which the current arm length dv is indicated. 

Henceforth the following terms and denotations will be used. 

Let x and y be the graph apices. A path from the apex x will be said to go to the apex y, if there exists a sequence of apices v1,…,vn such that in the graph there are the arcs x (v1, v1(v2,…, vn-1(vn, vn(y. 

Let there be given the apices v1,…,vn. The graph composed of these apices and all the apices the paths from which go to the apices v1,…,vn will be denoted by G(v1,…,vn). The graph G(v1,…,vn) is said to be generated by the apices v1,…,vn. 

Let the graph Ggenom describe a current status of the genome in a cell realized at the time t. 

Then for this graph the following obvious conditions hold: 

1) The subgraph G(w) generated by apex w of the T type (this apex by definition corresponds to the replication termination site TERM) corresponds exactly to a single full cell genome which can have replication forks.

2) Subgraphs G(w) generated by different apices of the T type are pair-wise isolated and 
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3) Any path from an apex of the O type to an apex of the T type either consists exclusively of the left arcs and inner apices of the FL type (henceforth referred to as the left path) or consists exclusively of the right arcs and inner apices of the FR type (henceforth referred to as the right path). 

4) The sum of the lengths of the left/right path leading from an apex of the O type to an apex of the T type is equal to the length of the left/right arm of the genome. 

2. Universal stochastic model of the vanishing/generation process used for molecular processes description

In the cell cycle model, the processes of replication initiation, transcription control, synthesis/degradation of RNA and proteins, the formation of molecular complexes and modification processes are described using the universal Poisson vanishing/generation model. 

This model is an algorithm of the realization of single events during a fixed time interval. Each event is regarded as a random value distributed by the Poisson law. Let us describe the algorithm realizing this process. Let there be a process resulting in the acts of simultaneous vanishing in a cell of a number of objects of the form 
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 with the concurrent generation of a number of other objects of the form
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. Let us denote this process by the stoichiometric formula
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Stoichiometric coefficients setting the quantities of molecules of the concurrently consumed X-objects (left to the arrow) or the quantities of concurrently added X-objects (right to the arrow) as a result of the process are given in brackets to the right of each object. The values of the stoichiometric coefficients (s-, r-coefficients) by implication are nonnegative integers. The s-coefficients can be equal to zero; in this case the object of the given kind is not consumed. The values of r-coefficients are always positive, since if ri=0, then Yi-object does not grow as a result of a given process and can be excluded from the right part of formula (1). Let us agree that if a stoichiometric coefficient to the right of a given object is lacking, it is equal to unity. 

A single act of vanishing from the medium of the objects of the form 
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 in the model is a random Poisson process with a parameter U, which in the general case is a function of time and model variables: 
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. Here and henceforth t is the current time in the process modeling, V(t) is cell volume at the moment t, x1,…,y1,… are absolute quantities of the objects of the form X1,…,Y1,…. The function U, if it is in the form sufficiently simple (for example, is a constant), will be placed above the arrow or to the right separated from Y-objects by a comma in (1). 

Let us describe the procedure for computing single events in model (1). 

Let at the moment of time t in a cell there be xi (yi) objects of the form Xi (Yi). By implication xi (yi) are nonnegative integers. A single act of event in (1) consists of vanishing from a cell of si objects of the form Xi. This event is impossible if for at least one number 1(i(n, xi=0 or xi<si. Let a single event be possible. Since for all objects the transition takes place simultaneously, henceforth we will consider the events relative of object X1, which does not limit the generality. By the virtue of the condition on feasibility of a single event x1(1. Fix the interval of time (t and calculate for this interval the probability p for the event “object X1 in the time interval [t,t+(t] does not change its status” by the approximate formula p=exp(-U(t)(t).

Then in the consecutive order perform the following actions.

Step 1. Assign to w the value x1: w := x1.

Step 2. From x1 objects let us pick up one for which it will be determined whether or not the modeled event has occurred. Decrease the value w by unity: w := w-1. 

Step 3. With the random number generator let us generate the random number
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Compute the value 
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 by carrying out substitution in 
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 for the current time t, current value of V(t), current quantities of all the objects except the object X1, substitute x1 for w. If 
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, then assume that in the time interval [t,t+(t] there occurs an event resulting in the disappearance of the selected event. Recalculate the quantity of each object in accordance with the process stoichiometry
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Then the values obtained will be regarded as current values. The current time, volume, values of other variables are regarded as unchanged.

If 
[image: image32.wmf]ξexp(δ)

Ut

<-

, let us assume that in the time interval [t,t+(t] this single event has not occurred. The current time, volume, values of other variables are regarded as unchanged.

Assume 
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Step 4. If w>0 and for all numbers 1(i(n, xi>0 и xi(si, then we conclude that the occurrence of a single event is potentially possible and return to Step 2. Otherwise the events computations are completed.
3. Cell growth models

In the cell cycle models the cell volume V changes by the law
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Here F is the function defining the cell growth pattern. In general case function F can depend on time, volume and model variables. In the study, two cell growth patterns are investigated: exponential and linear. 

3.1. Exponential cell growth pattern 

Is described by the function
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3.2. Linear cell growth pattern 

Is described by the constant function
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4. Models of replication initiation processes

In a live cell, in each current moment of time there are several OriC sites. In the model, each separate replication initiation site OriC is considered as an individual object. This means that at any moment of time in a cell there is a nonzero number of sites. At the current moment of time each individual site OriCk (k is the unique individual number of the site assigned to the site at birth) is in one of several alternative states. Each OriС state is characterized by a letter row SOriC,k=
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, s is the parameter of the number of DnaA-ATP binding sites on OriC, henceforth denoted as (OriC:DnaA). 
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 means that the OriC site is in the state of physical eclipse (see Section 2.4.1 below). In this state no molecular processes with the involvement of this site, which are described in this section, are possible. Therefore, the equation 
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 automatically means that SOriC,k=
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 and remains unchanged throughout the entire period of physical eclipse.

4.1. Eclipse model

According to this model a particular OriCk site is inactivated (eclipse) from the moment tini, OriCk of its appearance as a result of the replication initiation event to the moment of time t= tini, OriCk + teclips,OriC, where teclips,OriC is the duration of physical eclipse. At the moment of eclipse completion the site undergoes transition from inactivated state SOriC,k=
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to active state SOriC,k=
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It should be noted that the site eclipse can start in one cell and complete in another, daughter or grand-daughter cell. In the model, a continuous time reading is used to allow for this possibility in automatic mode. It should be underlined that in this model the parameter teclips is determinate and has zero dispersion.

4.2. Model for replication initiation from pre-initiation state
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This model of replication initiation agrees with the hypothesis that the pre-initiation state is represented by the DNA-protein complex OriC, which contains a beta-clamp and in which all the sites (OriC:DnaA) are bound to DnaA-AТP. In this variant, HDA-ADP acts as the initiation repressor since 
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is not regarded as the pre-initiation state. On the site (OriC:DnaA) DnaA-AТP hydrolyses to DnaA-ADP, which also performs the repressive function.

4.3. Model for replication initiation from pre-initiation states 
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In this model, the hypothesis is implemented that Hda-ADP is not an initiation repressor, whereas all the sites (OriC:DnaA) shall be bound to DnaA-ATP. This means that the hydrolysis of DnaA-AТP to DnaA-ADP on the site (OriC:DnaA) performs the repressive function.

4.4. Model for replication initiation from pre-initiation state 
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In this model, the hypothesis is implemented that Hda-ADP is not the initiation repressor and that the hydrolysis of DnaA-AТP to DnaA-ADP on the site (OriC: DnaA), which is in the pre-initiation state, performs no repressive function.

4.5. Model for replication initiation from state 
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In this variant of the model the simplest replication initiation pattern is implemented, in which the functions of proteins DnaA, DnaN и Hda by implication are not considered.

4.6. Stochastic model for the formation of replication forks and two new copies of the initiation replicator site in models 4.2-4.5
The process of the formation of replication forks and two new copies of the initiation replicator site is described by a random process according to equation (1), the notes to which are given in Section 2.2:
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Here X and Y have the values in accordance with the selected variant of the replication initiation model. At the moment of replication initiation the old copy of OriC 
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disappears and two replication forks, 
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, appear and start duplicating (replicating) the left and right arms of the genome, respectively, and there appear two copies of OriC, which are in the state of eclipse, i.e. in the state 
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. Besides, the proteins bound to respective OriC sites escape into the solution: if X and/or Y is equal to О, pX and/or pY is an empty word, i.e. no protein escapes from this site because it is absent, if X=F (H), then pX = multBETA(Hda-ADP), if pY=А (D), then pY =multDnaA-ATP (multDnaA-ATP).

The replication initiation event changes the structure of the graph describing the genome at the current moment of time (see Section 2.1), in accordance with which replication initiation starts the algorithm adjusting the graph structure in accordance with new situation.

The algorithm operates as follows: let the apex v(O,n) of the graph describing the genome at the moment of time t correspond to the replication initiation site OriC on which replication was initiated. Let two arcs go from the graph 
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Remove these arcs from the graph and add to the graph three new apices 
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is the maximum number assigned to the apices of the current graph corresponding to OriC sites, 
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is the maximum number assigned to the apices of the current graph corresponding to the previously born replication forks of the left and right arms) and six new arcs:
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The resulting graph describes the genome resulting from replication initiation on the OriC site represented on the graph Ggenome at the moment of replication initiation by the apex v(O,n). Note that in the reformatted graph the apex v(O,n) corresponds to the newly born replication initiation site which retains the previously assigned number. However, the biological function of this site differs from that of the preceding site with the difference fixed in the lineage maintained for each replication site. The lineage generation algorithm is described in Section 2.9.
5. Molecular processes on active OriC sites considered in the cell cycle models

As noted above, the replication initiation site is considered as a complex molecular-genetic structure containing s sites (OriC:DnaA) to which different forms of DnaA proteins can bind. Binding to each site is supposed to occur as an independent random Poisson process described by formula (1). If all s sites have interacted with DnaA-ATP, the replication site transforms into the so-called open complex. This complex can interact with the activated DnaN protein, which is designated in the models as 
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. On the site this interaction forms a beta-clamp. The list of model processes progressing on the OriC site is given in Table A1.

Table A1 

Model processes progressing on OriC

	Model No.
	Model (process)

	5.1(X=A),

5.2(X=D).
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(binding of DnaA-ATP (X=A) and DnaA-ADP (X=D) to (OriC:DnaA) site)

	5.3(X=A), 5.4(X=D).
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; (dissociation of DnaA-ATP (X=A) and DnaA-ADP (X=D) from (OriC:DnaA))

	5.5.
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 (interaction of DnaN with the open complex OriС - beta-clamp formation)

	5.6.
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(dissociation of DnaN from OriС - beta-clamp disassembling)

	5.7.
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(formation of the RIDA system by bimolecular mechanism)

	5.8.
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(dissociation of Hda-ADP from OriС DNA – decomposition of RIDA)

	5.9.
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(hydrolysis of DnaA-ATP on the (OriC:DnaA) site)


6. Modeling the processes of synthesis, degradation and formation of active protein forms involved in replication initiation

As noted above, the processes regulating replication initiation, transcription, translation, molecular complexes formation and the processes of modification are described using the universal Poisson vanishing/generation model (see Section 2). The list of models of this section is given in Table A2.

Table A2

List of the models of mRNA and protein synthesis and degradation and the processes of the formation and degradation of activated proteins involved in the regulation of replication initiation

	Model No.
	Model (process)

	6.1. - 6.2.
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(synthesis of polycistron mRNA DnaA-DnaN from the pDnaA promoter and its degradation)

	6.3. - 6.4.
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(synthesis of mRNA DnaN from own constitutive promoter pBETA and its degradation)

	6.5.- 6.6.
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(synthesis of DnaN protein with mono- and polycistron mRNA)

	6.7.
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 (synthesis of the DnaA-ATP protein)

	6.8.
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	6.9.
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 (decomposition of DnaN2 into monomers)

	6.10.
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(degradation of the unbound protein monomer DnaN)

	6.11.
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7. Replication models

7.1. Replication elongation model

The model is implemented as a separate software algorithm for computing the movement of each fork along DNA during a fixed time interval (t. At the current moment of time t the graph 
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is fed into the algorithm as input. The graph is divided into subgraphs which are generated by the apices corresponding to replication terminators. Then we open the cycle by apices-terminators and consecutively process the arcs of the generated graph moving from the current apex of the T type to the apices of the O type. The processing algorithm consists of the following steps. 

Step 1. Consider the arcs of the bottom layer. The number of arcs is two exactly. 
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The current apex 
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 corresponds to the replication termination site TERM. The left apices could correspond to replication sites (then
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 and 
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 at the same time) or to replication forks (then 
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Thereafter two cases can be distinguished.

Case 1.1. The left apices of the arcs are of the O type, i.e. they correspond to the replication initiator ORIC. Then by definition 
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 - for the right arc. Since in the model the coordinates of ORIC and TERM do not change, then 
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for each arc. This completes the analysis of the current generated graph. The next apex-terminator is then fixed, after which the transfer to step 1 takes place. When all apices-terminators have been considered, the algorithm’s work is done. 

Case 1.2. The left apices are of the types FL and FR, i.e. they correspond to the replication forks. In the course of time the forks move away from ORIC and approach TERM. Let us denote the distance covered by the left fork by nL((t)=VLelong(t, and the distance covered by the right fork by nR((t)=VRelong(t (here VLelong and VRelong are the rates of elongation of the left and right arms measured in arbitrary nucleotides/min). Then the arc lengths 
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At the moment of time t+(t will be equal to 


[image: image111.wmf],,

(

δ)()(δ)

nknk

FLTFLTL

dttdtnt

+=-

,
[image: image112.wmf],,

(

δ)()(δ)

nknk

FRTFRTR

dttdtnt

+=-

.

nL((t) and nR((t) are calculated by the following formulas:

nL((t)= min(
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, VLelong_replic((t), 

nR((t)= min(
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, VRelong_replic((t).

Here VLelong_replic and VRelong_replic  are given model parameters meaning the elongation rates of the left and right arms, respectively (the values are given in Table B2).

The meaning of the computation formulas is simple. Let us explain this for the left fork. For the right fork the explanation is similar. If 
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=0, the left fork must reach the termination site and its further movement is impossible. If 
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>0, the left fork continues its movement but cannot cover a distance larger than that separating it from the replication termination site. Therefore, if VLelong_replic((t > 
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, then the fork reaches the TERM site before the (t interval expires and then stops, otherwise the fork covers the maximum distance. Proceed to step 2.

Step 2. Consider the arcs of the layer above the bottom layer. 

We proceed to this step if on the preceding layer there were apices corresponding to the forks, which always occur in the pairs of 
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 and 
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. In this case there exist exactly four arcs in the current layer, of which two arcs are left and two are right:
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At the preceding step for the apices 
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 and 
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 the values nL((t) and nR((t) have already been computed. Then two cases can be distinguished.

Case 2.1. HX=O (X=L or R, the apex corresponds to OriC). Then 
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Case 2.2. HX=FX (if X=L, then the apex corresponds to the left fork, otherwise X=R, and the apex corresponds to the right fork). Then at the moment of time t+(t the arc length will be equal to
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Repeat Step 2 as many times as the number of layers in the graph. After that proceed to step 1 for the next apex-terminator. Otherwise the execution of the elongation algorithm is over and the control passes on to the replication termination model. 

7.2. Model of replication of an isolated genome segment

In accordance with the current problem the cell cycle models may account for protein functions. In the model each Prot protein binds to a DNA segment for which two coordinates in the genome are given: the origin Distinact_func (Prot) and the end Dvozvr_func (Prot), which define relative distance from the OriC site measured in arbitrary nucleotides. By default the segments are considered to locate in the left arm of the genome. If the left replication fork reaches the point Distinact_func(Prot) on a particular genome copy, the respective copy of the gene encoding the Prot protein is inactivated and mRNA synthesis from this gene is stopped. After the replication fork reaches the position Dvozvr_func(Prot), two newly appeared copies of the gene encoding for the Prot protein are activated and included in the pool of the genes  from which mRNA (Prot) can be synthesized. 

For the dat locus, two parameters, Distinact_func(dat) and Dvozvr_func(dat) having similar meanings are also defined. At the moment of the dat locus inactivation the molecules of the multDNAA-ATP tetramer bound to the respective copy of the locus are excreted.
8. Replication termination model

Replication termination is a complex molecular-genetic process which results in the appearance in a cell of two genome copies. In the model this process is described in the form of a phenomenological logical algorithm. The algorithm is activated only in the case when a given replication termination region is reached by both the left and the right replication forks, which appear concurrently as a result of a prior replication initiation event. Since in the model no assumption is made that the left and right genome arms are of equal length and that the forks move at the same rate, the forks that start from the replication initiation region can reach the termination region at different moments of time. For this case it is hypothesized that the fork that reaches the termination site “waits for the lagging fork”, i.e. the replication termination is delayed.

The algorithm of the replicated genome division operates as follows. At each current moment of time t, upon completion of the replication elongation algorithm, for each apex v(T,k) corresponding to a replication termination site let us take a generating graph G(v(T,k)). By the plotting this graph describes the current state of the replicated genome. In the graph take the apices the arcs from which come into the apex v(T,k). In terms of the replication process model there are two such apices, (v(FL,m), v(FR,m)), which correspond to the forks that concurrently appear at the moment of replication initiation. One of the forks duplicates DNA moving along the left arm (FL), the other one – along the right arm (FR). According to the agreed notation the arcs are of the following form: 
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As described above, the numbers 
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 are equal to the distance of the respective fork from the replication termination site. Then two cases are distinguished. 

Case 1. If 
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 is not equal to 0, it is concluded that the genome replication is not completed and we pass on to the analysis of the state of the next replication terminator. 

Case 2. If 
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=0 (it means that the genome replication process is not completed), we execute the division of the replicated genome into two independent genome units. At the current moment of time the state of the replicated genome, which is not divided into two independent genome units yet, is described by the connected graph G(v(T,k)), where v(T,k) corresponds to the replication termination site located on a given genome. Consider the first two layers of this graph. Put down the arcs of these layers in explicit form: the arcs of the first layer 
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The arcs of the second layer 
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From the graph 
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If the apices corresponding to termination sites have been considered, pass on to the analysis of the next apex of the T type. If all apices of the T type have been considered, we receive a graph describing the current intermediate state of the genome, which is formed in the cell after the division of the replicated genomes. After that we recur to the analysis of the resulting graph to search for other completed replications. As a final step we divide all replicated genomes and complete the operation of the replication termination algorithm. 
9. Cell division

The cell division model is an algorithm for implementing the act of cell division into two daughter cells at the moment of time t, provided the following conditions are satisfied:

1) The current cell volume V(t) is larger than the minimum critical volume VDmin;

2) The cell contains at least two complete genome copies;

3) Tm+
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(t, where 
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 is the minimal time for the synthesis of the cell wall segregating the maternal cell into two isolated daughter cells.

The cell division algorithm is essentially based on the parameter Tm. Its value is computed by iterations. If at the current moment there is a single genome in a cell, the value Tm is assumed to be undefined and the conditions 2) and 3) – to be unfulfilled. For this reason cell division is impossible. If replication termination occurs at the moment t, at this moment there appear two genomes in the cell and Tm is assigned the value t, which is associated with each termination site formed. At this moment condition 2) becomes true. If at this moment condition 1) is fulfilled, there occurs the initiation of cell wall synthesis, the completion of which requires time D. If in the time interval [Tm,Tm+D] there occurs one or several replication termination acts, the information about the sequence of new sites birth is also recorded and strictly associated with each generated site. The dates of birth of the disappeared sites as before are stored as the values Tm, since the cell has not yet completed the process of division initiated after this act. This means that each replication termination site at any current moment of the cell cycle carries the information about its lineage structure and all previous replication termination events that did not end with cell division and among which Tm is the earliest event (the algorithm of lineage structure generation is described below). 

At the moment of time t=Тm+D condition 3) becomes true. At this moment the parent cell divides into two daughter cells. Of them at random with the probability 0.5 one cell is selected for subsequent cell cycle calculations. If the selected daughter cell contains one genome, it is assumed the lineage of this site is empty and Tm is an undefined parameter. If the number of genomes is equal to two or more, then each termination site inherits a lineage keeping the information about all replication termination events which occurred later than Тm. The earliest time is computed and taken equal to Tm for the current cell. 

Let us describe the algorithm of parent cell division into two daughter cells. It implements the distribution of all produced substances between the daughter cells. RNA, proteins and their complexes not bound to the genomic DNA are equally segregated between the daughter cells. As for genomic DNA, it is divided between the daughter cells as follows. In the model, at each replication initiation moment one replication initiation site disappears and two new sites and two new replication forks appear, one of which to replicate the left arm and the other – the right arm. At this moment replication initiation sites are labeled by distinct letter A and B with the replication initiation time being recorded and the serial number of the replication initiation event being stored in the memory. The label of the disappeared site, the time of its birth and unique serial number of the replication initiation event during which the disappeared site was born are also stored for each new site. Therefore, at any moment each replication initiation site present in the cell is associated with the ordered sequences of triads (A,ti1,i1), (B,ti2,i2), (B,ti3,i3), (А,ti4,i4), …, which designate the lineages of the replication initiation sites. Each newly appearing fork is associated with the moment of its birth and the number of the replication initiation event. Therefore for concurrently born forks these parameters coincide. The moment of replication termination means that two concurrently born forks arrive at the termination site. Let these forks be born at the moment ti during the ith replication initiation event. By implication this means that in the cell there exist at least two replication initiation sites whose lineages begin with the triads (А,ti,i) and (В,ti,i). At the moment of termination two complete genomes appear in the cell and two new replication termination sites are born. The obligatory requirement is that one of the new replication termination sites appears on the new genome copy on which for all replication initiation sites the lineages begin with the triad (А,ti,i), whereas the other genome copy contains replication initiation sites with the lineages (В,ti,i),…. Therefore at the moment of replication termination Ti, the first replication termination site corresponds to the triad (А,Ti,i), the second site – with the triad (В,Ti,i). Within the time interval [Tm,Tm+D] for each newly born replication terminator the information is stored in the form of the ordered sequence of triads (А,Ti,i), … or (B,Ti,i), …. These sequences are generated by the algorithm identical to that for the generation of replication termination sites lineages and by implication represent the lineages of replication termination sites. The set of lineages of all replication initiation sites and the replication termination site lying on the same genome will be called the genome lineage. The lineages of all genomes immediately before the cell division have the following two important qualities: (a) if two lineages belong to the same genome, their initial triads contain identical letter, either A or B; (b) If there are more than one genome in the cell, there exists at least one genome the lineages of which begin with the triads containing different letters. In the model it is assumed that A- and B-genomes are segregated between different cells. As mentioned above, upon the formation of daughter cells only one cell is picked up for further single cycle calculations. The selection is made randomly with the probability of ½. In the genome of the selected cell all lineages get shorter losing the first triad and have the same two qualities (a) and (b). 

In the model, it is assumed that at the moment of cell division the parent cell volume is segregated equally between cell division. Upon the completion of cell division algorithm for the selected daughter cell the life cycle computations are restarted.

Appendix B. Prokaryotic cell cycle models

Table B1. 

List of cell cycle models analyzed in the study

	No.
	Model name
	Sub model numbers
	Note

	1
	СС(bi,E)
	1, 3.1, 4.1, 4.2, 4.6 , 5.1, 5.3, 5.5-5.7, 6.1-6.12,6.14-6.16, 6.21-6.22, 7, 8, 9
	bi –negative bimolecular mechanism for regulation of replication initiation (sub-model 5.8); 

E – exponential pattern of cell growth (sub-model 3.1); 

L – linear pattern of cell growth (sub-model 3.2).

A- “initiation” mechanism for regulation of replication initiation. 

0- replication initiation occurs as a stochastic Poisson process without regulation. 

	2
	СС(bi,L)
	1, 3.2, 4.1, 4.2, 4.6 , 5.1, 5.3, 5.5-5.7, 6.1-6.12,6.14-6.16, 6.21-6.22, 7, 8, 9
	

	3
	СС(A,E)_v1
	1, 3.1, 4.1, 4.2, 4.6, 6.1-6.12, 5.1, 5.3, 5.5, 6.14-6.16, 6.21, 6.22, 7, 8, 9
	

	4
	СС(A,E)_v2
	1, 3.1, 4.1, 4.4, 4.6, 5.1, 5.3, 5.5-5.9, 6, 7, 8, 9
	

	5
	СС(A,E)_v3
	1, 3.1, 4.1, 4.3, 4.6, 5.1, 5.3, 5.5-5.9, 6, 7, 8, 9
	

	6
	СС(A,bi,E)
	1, 3.1, 4.1, 4.2, 4.6, 5.1, 5.3, 5.5-5.9, 6, 7, 8, 9
	

	7
	СС(A,L)_v1
	1, 3.2, 4.1, 4.2, 4.6, 6.1-6.12, 5.1, 5.3, 5.5, 6.14-6.16, 6.21-6.22, 7, 8, 9
	

	8
	СС(A,L)_v2
	1, 3.2, 4.1, 4.4, 4.6, 5.1, 5.3, 5.5-5.9, 6, 7, 8, 9
	

	9
	СС(A,L)_v3
	1, 3.2, 4.1, 4.3, 4.6, 5.1, 5.3, 5.5-5.9, 6, 7, 8, 9
	

	10
	CC(0, L)
	1,3.2,4.5, 4.7, 7, 8, 9
	


Table B2. 

List of parameters of the prokaryotic cell cycle models

	Parameter
	a,bValue/ dimenshionality
	Comment

	DistLOriC,Term
	2(106 arb. nucl.
	Distance from OriC site to the replication termination site along the left (L) or right (R) arm

	DistROriC,Term
	2(106 arb. Nucl.
	

	kv
	(ln2)/(t) min-1, 

t = 20-140 min
	Constant of exponential cell growth rate.

	(
	1-5 arb. Vol. units /min
	Constant of linear cell growth per minute in model (3).

	teclips,OriC
	12 min
	Duration of physical eclipse of OriC 

	s
	6
	Number of sites (OriC:DnaA)

	kini,DNA
	0.04 min-1
	Replication initiation rate constant 

	kO→A
	25 cu-1min-1
	Constant of binding of DnaA-ATP with the site (OriC:DnaA)

	kO→D
	1 cu-1min-1
	Constant of binding of DnaA-ADP with the site (OriC:DnaA)

	kA→ O
	3 min-1
	Constant of dissociation of DnaA-ATP from the site (OriC:DnaA)

	kD →O
	4, 4.5 min-1
	Constant of dissociation of DnaA-ADP from the site (OriC:DnaA)

	kO→F
	1 cu-1min-1
	Constant of binding of DnaN with the open complex of OriC

	kF→O
	0 min-1
	Constant of dissociation of DnaN from the open complex of OriC

	kF→H,bi
	50 cu-1min-1
	Constant of binding of Hda with beta-clamp by bimolecular mechanism

	kH→F
	3 min-1
	Constant of Hda dissociation

	kHA→HD
	30 min-1
	Constant of hydrolysis of DnaA-ATP to DnaA-ADP on the sites (OriC:DnaA) with the RIDA system

	kpDNAA→mDNAA
	5 min-1
	Synthesis initiation rate constant for mRNA coding DnaA and DnaN.

	KmDNAA-ATP
	10 cu
	Constant of synthesis initiation inhibition by DnaA-ATP for mRNA coding DnaA and DnaN.

	kpBETA→mBETA
	1 min-1
	Synthesis rate constant for mRNA of DnaN from the pBETA constitutive promoter

	kmBETA→
	0.2 min-1
	mRNA DnaN degradation rate constant

	kmDNAA→
	0.2 min-1
	mRNA DnaA-DnaN degradation rate constant

	kmBETA→protBETA
	5 min-1
	Rate constant of DnaN protein synthesis from mRNA DnaN

	kmDNAA→protBETA
	5 min-1
	Rate constant of DnaN protein synthesis from mRNA DnaA-DnaN

	kmDNAA→protDNAA-ATP
	5 min-1
	Rate constant of DnaA protein synthesis from mRNA DnaA-DnaN

	kprotBETA→multBETA
	1 cu-1min-1
	Rate constant for DnaN dimer formation

	kmultBETA→ protBETA
	1 min-1
	Rate constant for DnaN dimer decomposition into monomers 

	dprotBETA→0
	1 min-1
	Rate constant for degradation of DnaN unbound monomer degradation

	dmultBETA→ protBETA
	0.02 min-1
	Rate constant for degradation of DnaN monomer as part of the dimer

	kprotDNAA-ATP → multDNAA-ATP
	0.1 cu-3min-1
	Rate constant for DnaA-ATP tetramer formation.

	kmultDNAA-ADP → multDNAA-ATP
	0.025 min-1
	Rate constant for reduction of DnaA-ATP from DnaA-ADP

	kmultDNAA-ATP → protDNAA-ATP
	1 min-1
	Rate constant for DnaA-ATP tetramer decomposition into monomers

	dprotDNA-ATP→0
	0.025 min-1
	Rate constant for degradation of unbound DnaA-ATP monomer

	dmultDNA-ATP→protDNA-ATP
	0.025 min-1
	Rate constant for degradation of DnaA-ATP monomer in the composition of the tetramer

	kpHDA→mHDA
	10 min-1
	Rate constant for mRNA Hda synthesis

	kmHDA→
	0.5 min-1
	Rate constant for mRNA Hda degradation

	kmHDA→protHDA-ADP
	5 min-1
	Rate constant for Hda protein synthesis

	dprotHDA→
	0.05 min-1
	Rate constant for Hda protein degradation

	VLelong, VRelong
	2(106 arb. nucl/ 46 min
	Genome left and right arm elongation rate

	Distinact_func(dnaA), Distinact_func (dnaN)
	15000 arb. nucl.

15000 arb. nucl.
	Arbitrary point on the genome the arrival to which of the replication fork results in physical inactivation of the genes dnaA, dnaN or hda and dat-locus, respectively.

	Distinact_func(hda)
	1.3(106 arb. nucl
	

	Distinact_func(dat)
	4(105 arb. nucl
	

	Distvozvr_func(dnaA), Distvozvr_func (dnaN)
	6(105 arb. nucl
	Arbitrary point on the genome the arrival to which of the replication fork results in the restoration of physical integrity of the genesа dnaA, dnaN or hda, respectively. 

	Distvozvr_func (hda)
	1.305(106 arb. nucl.
	

	Distvozvr_func (dat)
	4.05(105 arb. Nucl
	

	Nlocus
	90
	Capacity of the dat-locus (number of DnaA-ATP tetramers)

	kDnaA-ATP(dat:DnaA-ATP
	10 cu-1min-1
	Rate constant for the formation of the complex of DnaA-ATP with dat-locus

	kDATAA:DnaA-ATP( DnaA-ATP
	5 min-1
	Rate constant for dissociation of DnaA-ATP from dat-locus

	D
	26 min
	Time of parent cell division into daughter cells (from the moment of replication termination)


аcu – the unit of  arbitrary concentration equal to one molecule per arbitrary cell volume unit
b if the values are given as intervals, the specific parameter values are set within the specified limits in accordance with the current problem
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