Additional file 3: Basic model code in Python.
Use:
Copy and save python scripts above into a *.py file and launch it using traditional python command under your OS. Require python 2.x and numpy.
Description:
Input c,μ,N, start state and t to get the expected probability distribution of model states.
Citation:
Katja Reichel, Jean-Pierre Masson, Florent Malrieu, Sophie Arnaud-Haond & Solenn Stoeckel. Rare sex or out of reach equilibrium? The dynamics of FIS in partially clonal organisms. Submitted to BMC Genetics (29 January 2016).
License:
This code is under http://creativecommons.org/licenses/by-nc-sa/4.0/
You are free to:
· Share — copy and redistribute the material in any medium or format
· Adapt — remix, transform, and build upon the material
The licensor cannot revoke these freedoms as long as you follow the license terms.
Under the following terms:
· Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
· NonCommercial — You may not use the material for commercial purposes.
· ShareAlike — If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original.
No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.
 [image: Licence Creative Commons]


#!/usr/bin/python
# -*- coding: utf-8 -*-
########################################################################################################################################################
########################################################
########## Code to compute dynamics of probabilities  ##
########## of fis and all possible genotypic states   ##
########## from one initial genotypic state           ##
########################################################
'''
From this code, the user will compute the dynamics of the prediction of all possible genotypic state
[bookmark: _GoBack]within a finite and mutating population over a given number of generations. It will provide a file named "dynamics" that stores by columnn
'''
import itertools, operator, time, copy, os, sys
import numpy 
from math import factorial as f
print "--------------------------------------------"
print"This program comes with the paper entitled:"
print"Rare sex or out of reach equilibrium? The dynamics of FIS in partially clonal organisms"
print"by Katja Reichel, Jean-Pierre Masson, Florent Malrieu, Sophie Arnaud-Haond & Solenn Stoeckel"
print"submitted to BMC Genetics, manuscript GTIC-D-15-00131" 
print"It is an adaptation of the program PASEX, \"Population Genetics of Partial Asexuality\", by Solenn Stoeckel, 2013, published in Stoeckel & Masson 2014, PLoS ONE."
print"Contact:solenn.stoeckel@rennes.inra.fr"
def combinations_with_replacement_counts(n, r):  # This function permits to calculate the number of possible genotypic states given a certain number of possible genotypes (n) and individuals (r)
   size = n + r - 1
   for indices in itertools.combinations(range(size), n-1):
       #print indices

       starts = [0] + [index+1 for index in indices]
       stops = indices + (size,)
       yield tuple(map(operator.sub, stops, starts))
global NOM
NOM=time.strftime('%Y-%m-%d-%Hh %Mmin',time.localtime())
# lieu d'enregistrement
chemin=os.path.join(os.getcwd(), "results")
try :
    os.chdir(chemin)
except :
    os.mkdir(chemin)
    os.chdir(chemin)
global CHEMIN
CHEMIN=os.getcwd()
print "File will be saved at:", CHEMIN
def reccord (chaine,nfic):
    cheminfst=os.path.join(CHEMIN, (NOM + nfic + '.txt'))
    resultsfst=open(cheminfst,'a')
    resultsfst.write(chaine)
    resultsfst.close
    return cheminfst     
print "--------------------------------------------"
print "\nPlease now provide inputs:\n"                                                          # DRIFT
print"Please now input mutaton and clonality forces as float values"
c=float(raw_input(" Effective rate of asexaulity (c), e.g. 0.52 or 1.0\t\t"))
u=float(raw_input(" Reciprocal mutation rate (u), e.g. 0.000001 or 0.0\t\t"))
print "\nYou will now provide sequentially three integer values corresponding to the number of individual genotyped AA, then Aa and aa."
a1=int(raw_input(" Number of individual genotyped AA at time t?\t\t"))
a2=int(raw_input(" Number of individual genotyped Aa at time t?\t\t"))
a3=int(raw_input(" Number of individual genotyped aa at time t?\t\t"))
istate=(a1,a2,a3)
individuals=sum(istate)
nombregeneration=int(raw_input(" How many generations after do you want predictions?\t\t"))
version = sys.argv[0]
print "\n--------------------------------------------"
print "\nYou are working in ",sys.argv[0]," directory."
print "\n\n Population size\t\t", individuals
print " Mutation rate\    ",u
print " Rate of asexuality    ",c
print " Population will start its evolution for %s generations starting from" % nombregeneration
print " \t\t%s individuals genotyped AA\t\t" %  istate[0]
print " \t\t%s individuals genotyped Aa\t\t" %  istate[1]
print " \t\t%s individuals genotyped aa\t\t" %  istate[2]
##print "Reccord will occur every generation till %s" % (till0)
##print "then every %s generation till %s" % (reccordation1, till1)
##print "and finally, every %s generation till %s = the end" % (reccordation2, nombregeneration-1)
if raw_input('\nConfiguration right? \n Press n then enter to exit   or   directly press enter to launch markov chain') == 'n':
   sys.exit()
print "--------------------------------------------"
## THE GENETIC SYSTEM: one locus, two alleles
alleles = 2 #Number of alleles (2 is the number of alleles used in the paper), this code doesn't handle another value 
geno = (alleles*(alleles+1)/2) #Number of possible genotypes given the number of allele
####################################################################################
##    All Possible genotypic states and associated Fis will be computed here      ##
####################################################################################
titreparams = ['indiv','c1','n1','c2','n2','mu'] #Title of the input parameters, indiv: number of individuals, c1: first value of c, n1: number of generations for which c=c1, c2:second value of c, n2: number of generations for which c=c2, mu:mutation rate
factoInd = f(individuals)
combine = list(combinations_with_replacement_counts(geno, individuals)) # List of all possible genotypic states
NbComb = len(combine)       # Number of possible genotypic states
print "\nNumber of possible genotypic states for your population", NbComb
# contient les paramètres calculés par génération
PaInNorm = []                                                     # will contain the results
nb = sum(combine[2])             
for sd in xrange(NbComb):
  fa = (1.0*combine[sd][1] + (2*combine[sd][0])) / (2*nb)  # frequency of a alleles
  fb = (1.0*combine[sd][1] + (2*combine[sd][2])) / (2*nb)  # frequency of A alleles
  Q0 = 1.0*(combine[sd][0] + combine[sd][2])/nb   
  Q1 = (fa*fa)+(fb*fb)
  if Q1 == 1:
     FISiis = 0
  else:
     FISiis = 1.0*(Q0-Q1)/(1.0-Q1)
  if combine[sd]== (individuals, 0,0) or combine[sd] == (0,0,individuals): FISiis = numpy.nan
  PaInNorm.append([combine[sd][0],combine[sd][1],combine[sd][2],fa,fb,Q0,Q1,FISiis])
PaInNorm = numpy.matrix(PaInNorm,dtype='float64')    # on convertit en vecteur de Numpy
####################################################################################
##                      Compute now transition matrix                             ##
####################################################################################
print "\n\nYour are launching Basal transition matrix. Sex and Asex will be performed without any particular investment."
#summaring = "~_Number_of_alleles: %s \n~_Number_of_genotypes: %s \n~_Number_of_individuals: %s\n~_Mutation_rate: %s\n~_Number_of_genetic_states: %s \n~_Number_of_generations: infinite\n~_Rate_of_Asexuality: %s (for %s generations) and %s (for %s generations)." % (alleles,geno,individuals,u,NbComb,c1,Nof_c1,c2,Nof_c2)
summaring="Number_of_genotypes: %s \nNumber_of_individuals: %s\nMutation_rate: %s \nRate_of_Asexuality: %s \nPop_start_at_genotypic_state: (%s,%s,%s)\nFor %s generations.\n" % (NbComb,individuals,u,c,istate[0],istate[1],istate[2],nombregeneration) 
conditions = "A=%s-N=%s-c=%s" % (alleles,individuals,c)
temps1= time.time()
MTn=[]
compteur=0
s=1.0-c
print " Transition matrix is computing"
for n1 in combine:
    ltemp=[]
    for j in xrange(len(combine)): # for each genotypic state
        n = combine[j]
        #   proportion of each genotype
        iaa=1.0*n[0]/individuals
        iaA=1.0*n[1]/individuals
        iAA=1.0*n[2]/individuals
        #   proportion of genotypes at n+1 if clonality
        paa = 1.0 * c * (   ( (1-u)*(1-u)  * iaa ) + ( u*(1-u)            * iaA ) + ( u*u         * iAA) )
        paA = 1.0 * c * (   ( 2*(1-u)* u   * iaa ) + ( ((1-u)*(1-u)+u*u)  * iaA ) + ( 2*u*(1-u)   * iAA) )
        pAA = 1.0 * c * (   ( u*u          * iaa ) + ( u*(1-u)            * iaA ) + ( (1-u)*(1-u) * iAA) )  
        #   proportion of genotypes at n+1 if sexuality
        qa = (1-u)*(iaa + .5*iaA) + (iAA+.5*iaA)*u
        qA = (1-u)*(iAA + .5*iaA) + (iaa+.5*iaA)*u
        qaa = 1.0* s * qa*qa
        qaA = 1.0* s * 2*qa*qA
        qAA = 1.0* s * qA*qA      
        #   Sum of clonality and sexuality (for ACP)
        Paa=paa+qaa
        PaA=paA+qaA
        PAA=pAA+qAA
        # Multinomial
        GenSuiv0 = (factoInd/(f(n1[0])*f(n1[1])*f(n1[2]))) * pow(Paa,n1[0]) * pow(PaA,n1[1]) * pow(PAA,n1[2])
        ltemp.append(GenSuiv0) 
    MTn.append(ltemp)
print "  Transition Matrix 1 computed"
####################################################################################
##                      Compute dynamics of the bialleic loci                     ##
####################################################################################
GENn = numpy.zeros( (NbComb,1) )
a = combine.index(istate)
GENn[a] = 1
PaInNorm=numpy.hstack((PaInNorm,GENn))
print "Now walking through generations."
for h in xrange(nombregeneration):
    GENn = numpy.dot(MTn,GENn)
    PaInNorm=numpy.hstack((PaInNorm,GENn))
# making the output file
sortie=version+'\t'+conditions+'\n'+summaring
sortie+="\nNumber_of_AA\tNumber_of_Aa\tNumber_of_aa\tAllelic_frequency_of_A\tAllelic_frequency_of_a\tIdentity_prob_within_ind\tIdentity_prob_between_inds\tFis\t"
for i in xrange(nombregeneration+1):
    sortie+="gen_%s\t" % i
sortie+="\n"
gh=PaInNorm.tolist()
for a in gh:
    for i in a:
       sortie+= "%s\t" % i
    sortie+= "\n"
reccord (sortie,'dynamics'+conditions)
################################################ end of dynamics ##################################################################################################

''' Second script above this line '''

########################################################################################################################################################
####################################################
########## Code to get transition probabilities   ##
########## from genotypic states to others        ##
########## for one biallelic locus                ##
####################################################
'''
From this code, the user gets all the transition probabilities from one genotypic states at time t (a list entered in "combine" to be filled above)
to another list of genotypic states at time t+1 (a list entered in "combine1" to be filled above) for lists of mutation rates ("Lu" to be filled above)
and of rates of clonality ("Lc" to be filled above)
Outputs will be saved in a txt file named "ProbTrans"
'''
## Enter genotypic states as triplet of integer corresponding to number of individuals of AA genotypes, number of individuals of Aa genotypes and number of aa genotypes separate by comma and encapsulated within brackets
## here in "combine", please enter a list of the genotypic states at generation t. 
combine = [(100,0,0), (99,1,0),  (99,0,1),]
## here in "combine1", please enter a list of the genotypic states at generation t+1
combine1 = [(100,0,0), (98,2,0), (99,0,1), (99,1,0)]
## here in "Lu", please enter a list of mutation rates as float values between 1 and 0 included, separated by comma. 
Lu=(0.05, 0.01, 0.005, 0.001, 0.0005, 0.0001)
## here in "Lc", please enter a list of rates of clonality as float values between 1 and 0 included, separated by comma.
Lc=(0,0.5,0.8,0.99,1)
############### M A I N ####################################################
from math import factorial as f
import time,os,sys
global NOM
NOM=time.strftime('%Y-%m-%d-%Hh %Mmin',time.localtime())
# lieu d'enregistrement
chemin=os.path.join(os.getcwd(), "results")
try :
    os.chdir(chemin)
except :
    os.mkdir(chemin)
    os.chdir(chemin)
global CHEMIN
CHEMIN=os.getcwd()
print "File will be saved at:", CHEMIN
def reccord (chaine,nfic):
    cheminfst=os.path.join(CHEMIN, (NOM + nfic + '.txt'))
    resultsfst=open(cheminfst,'a')
    resultsfst.write(chaine)
    resultsfst.close
    return cheminfst
sortie='t+1\tN\tu\tc\t'
for fd in xrange(len(combine)):
    sortie+='[%s,%s,%s]\t' % combine[fd]
sortie += '\n'
individuals=sum(combine[0])
factoInd=f(individuals)
for u in Lu:
    for c in Lc:
        s = 1.0-c
        MT1=[]
        for n1 in combine1:
            ltemp=[]
            for j in xrange(len(combine)): # for each genotypic state
                n=combine[j]              
                #   proportion of each genotype at t
                iaa=1.0*n[0]/individuals
                iaA=1.0*n[1]/individuals
                iAA=1.0*n[2]/individuals
                #   proportion of genotypes at t+1 under clonality
                paa=1.0 * c * (   ( (1-u)*(1-u)  * iaa ) + ( u*(1-u)            * iaA ) + ( u*u         * iAA) )
                paA=1.0 * c * (   ( 2*(1-u)* u   * iaa ) + ( ((1-u)*(1-u)+u*u)  * iaA ) + ( 2*u*(1-u)   * iAA) )
                pAA=1.0 * c * (   ( u*u          * iaa ) + ( u*(1-u)            * iaA ) + ( (1-u)*(1-u) * iAA) )
                #   proportion of genotypes at t+1 under sexuality
                qa=(1-u)*(iaa + .5*iaA) + (iAA+.5*iaA)*u
                qA=(1-u)*(iAA + .5*iaA) + (iaa+.5*iaA)*u
                qaa=1.0* s * qa*qa
                qaA=1.0* s * 2*qa*qA
                qAA=1.0* s * qA*qA
                #   Sum of clonality and sexuality
                Paa=paa+qaa
                PaA=paA+qaA
                PAA=pAA+qAA
                # Multinomial (genetic drift)
                GenSuiv0=(factoInd/(f(n1[0])*f(n1[1])*f(n1[2]))) * pow(Paa,n1[0]) * pow(PaA,n1[1]) * pow(PAA,n1[2])
                ltemp.append(GenSuiv0)
            MT1.append(ltemp)
        for i in xrange(len(combine1)):
            sortie+='[%s,%s,%s]\t'%combine1[i]
            sortie+='%s\t%s\t%s\t'%(individuals,u,c)
            for j in MT1[i]:
                sortie+='%s\t'%j
            sortie+='\n'
print reccord (sortie,'ProbTrans')
################################### end of transition probabilities #################################################################################
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