Supplementary file for Bessho and Otto, “Fixation probability in a haploid-diploid population”.

Here we put supplementary information for our manuscript, “Fixation probability in a haploid-diploid population”.
Note that, you might have to reset the variables as necessary because we reuse same variables in the different sections.

Deriving the fixation probability in the haploid-diploid Moran model

= Frequency of haploids in the resident population

Original Equations (Eqs.(A.7))
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Cr = Brr * Xgr + _2 * XpM;

Bru
Cm = —— * Xgu + B * X i
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CRR= "% ——;

2 BRr * Xg + By * Xy

fr+ £y Br* By * Xr * Xy
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2 BRr * Xg + By * Xy

Q
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dgr * Xg + dy * Xy + drg * Xgrr + Arm * Xry + Aum * Xuym
Y= ;
CR + Cy + CRr + Cry + Cmm

dgr * Xg + dy * Xy + drg * Xgr + Arm * Xry + Aum * Xuym
dmean= i
XR + Xy + XRR + XgM + XM

¥ * Cr - dg * X
eqHR = i
(XR + Xy + Xgr + XgM + XmyM) * Apean

Y *cy - dy * X
eqHM = ;
(XR + Xy + Xgr + XgM + XmM) * Apean
¥ * Crr — dgrr * Xgr
eqDRR = ;
(XR + Xy + XgRr + XgM + XmyM) * Apean
¥ * Cgry - dry * XrM
eqDRM = 7
(XR + Xy + Xgr + Xpy + XmM) * dpean
Y * Cwvm — Ay * Xy
eqDMM = i
(XR + Xy + Xgr + XpM + Xmm) * Apean
HRnext = eqHR + xp;
HMnext = eqHM + xy;
DRRnext = eqDRR + Xgg;
DRMnext = eqDRM + Xgpum;
DMMnext = eqDMM + Xy ;

Calculating the frequency of haploids within a population composed entirely of residents (og), assuming the population size is large:

assumption = 0 < SUM && 0 < Bg && O < Brg && O < dg && 0 < drr && 0 < f; && fzr < 1;
assumption2 =0 <py & py <1 && 0 < py && py < 1;

Factor [Normal [Series[eqHR /. {xy > 0, Xguy >0, Xy >0} /. Xgg > N (1L -py) /. xg>Npy /. N> N/¢,
{e, 0, 0}]1]
2 dgr Brr — 4 drr Brr Or — dr £r Br 1012{ + 2 dgr Brr 012{
(-drr — dr Pu + drr Pu) (-2 Brr — £r Br On + 2 Brr PH)
Simplify[Solve[% == 0, py]]
ﬁ@@\/ﬂ\/ﬁ@+2dm¢8m WMQEMM’ZdRRBRR
e A £x fn - 2 dan fin Jo fon- A £x fx - 2 dan fan I

The second of these can be rewritten as the strictly positive quantity (A.8b)
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Simplify[ -%, assumption]

0

= Branching Process Approximation
Here we check the main calculations derived in Appendix B.
Checking the derivation of Eq. (B.5).

The probability that the allele will be lost if it first appears in a haploid is equal to the sum of the following three events in the first
generation:

(a) the mutant is lost immediately with probability dyg

(b) another individual within the population dies (probability 1 - dyy) and is replaced with anybody but a diploid offspring of the haploid
mutant parent, so that again we have only one haploid mutant that must ultimately be lost (1 - dwy) (1 - Prug) 7T0H

(c) another individual within the population dies (probability 1 — dyg) and is replaced with a diploid offspring of the haploid mutant parent

with loss probability now equalling dzy Prus 7T0H 710D, where loss now requires both the haploid mutant parent and the mutant diploid
offspring to be ultimately lost (here assumed to be independent probabilities)

This gives Eq. (B.4), and (B.5) is derived similarly. These two equations can be solved to yield:
lossprob = Simplify[Solve[{70H = Ay + (1 - dim) * (1 - Prun) * 7OH + (1 - dyg) * Pruw * 77OH % 710D,
70D == dgp + (1 - drup) * (1 - Pap) * 770D + (1 - drup) * Phap * 7OH » 70D }, {70H , 70D} ]]
{{NOH» 1, 70D 1},
dus (dRNMD (-1 +pw) - PﬁD) drap (—d;m (-1 + prum) + pl{MH)

{}TOH%— — — , 710D > = =
(*1 +dRMD> Pup (dMH (=1 + prun) *PﬁMH) (*1 +dMH> (dRMD (=1 + pw) *PﬁD) Prug

The relevant solution is the second one. Calculating the probability of fixation from these probabilities of loss, we obtain equations (B.6):

pran * (1 - dm) - _dun*SRup

PMD * 1-dgy
EgB6a = Simplify[ — it (~ o) ;s 0< dn] ;
Prum * (1 - dMH) + dun
~ ~ dypr *dRMp
PMD*(l'dRMD) - = ~
. . prmu* (1-dyn)
EQB6b = Slmpllfy[ r 0< dn] 7

Pip * (1 - dr) + drp
EgB6a - (1 - nOH) /. lossprob[[2]] // Factor
EgB6b - (1 - n0D) /. lossprob[[2]] // Factor
0

0

Defining the variables as in Appendix B:



assumption = 0 < SUM && 0 < dg && 0 < dgg && 0 < f5 && fRr < 1 && 0 < B && O < fBrgr && 0 < dy &&

0<dm&&o<fm&&fM<1&&0<Bm&&o<ﬁm;

V Brr * drr

freqH = 7
fR*BRr*d, [
'R*_;&K + V Brr * drr
thBB*dB
2
freqD = ;
’ fR*BRr*d; [
_R*_zn*_& + V Bgr * drr
~ fr * Br ~ ~ -~ ~
B = T * POy + BRr*Pp /- Py » freqH /. pp » freqD
- (fr + £y) * By
Prva = — i
2 *x 3 * SUM
. Bru
Pw=—"T—""7;
2 x 3% SUM
d= dgr* Py + drr *Pp /. Py - freqH /. pp » freqD;
~ dy
dyy = P
d *» SUM
~ dgym
drmp = i
d * SUM
. Br
FaiR = ;
dr
. Bu
FaiM = ;
du
. Brr
FaiRR = H
dRR
. Bru
FaiRM = —;
RM
fu+ £
avef = u;
2

fr
FaiR2 = — % FaiR;
2

avef

FaiM2 = * FaiM;

sMoran = (Sgy/ 2 + Spu + Sam + Spru + Saru) §

sMoran
sMoranAverage = —;
2

We now check derivation of Eq. (B.7) from Eq. (B.6)
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EgB6a2 = Limit [EqB6a, SUM -» Infinity];
EgB6b2 = Limit [EqB6b, SUM » Infinity];

X X Pip * Prum — d:m * dl:MD
EqB7a = Simplify , 0< dR] ;

4

Pwp * (Pl;lm + dMH)

EgB7b = Simplify[ — , 0< dR] ;
Prun * (P;'lm + dRMD)

Simplify[EqB7a - EqB6a2]

Simplify[EqB7b - EqB6b2]

0

0

These can also be written in the form given by Eq. (1):

FaiM2 x FaiRM - FaiR2 * FaiRR

Eqla = - ;
FaiM2 x FaiRM + % %V FaiR2 % FaiRR
FaiM2 x FaiRM - FaiR2 x FaiRR
Eqlb = 7

FaiM2 * FaiRM + 2 * FaiM2 » 'V FaiR2 * FaiRR

FullSimplify[EgB7a - Eqla, assumption]
Simplify[EqB7b - Eqlb, assumption]

0

0

Finally, we obtain Eq. (B.8) by assuming weak selection:

weakselection = {Bry = Brr* (1 + € * Sgru) ; Bum = Brr * (1 + € * Spum) , Bu > Br* (1 + € * Spy) ,
fyu->fr* (l+€*Sgy), dru 2> Arr* (1 - € *Sgrm) , A 2 Arr * (1 - € *Sgmm) , Au > dr* (1 - € *Sagy) };

Simplify[Normal [Series[Eqla /. weakselection, {€, 0, 1}]], assumption] /. e—>1
Simplify[Normal [Series[Eqlb /. weakselection, {€, 0, 1}]], assumption] /. e~ 1

frRBr (2 Sam + 2 Sgrm + Sem + 2 Sy + 2 Spgru)

2 fg B + /2 dr fR AR ArRR
drr

Brr (2 Sgum + 2 Sgru + Sem + 2 §/3M +2 §BRM)

dgpr £
2 [BRR+ [2 RR fR AR BRR ]

dr
which can be written as:

4 % dgg * freqD
EgB8a = * sMoranAverage;
dg * freqH + 2 * dgg * freqD

2 xdr * freqH
EgB8b = * SMoranAverage;
dg * freqH + 2 * dgg * freqD

Simplify[Normal [Series[Eqla - EqB8a /. weakselection, {e, 0, 1}]], assumption] /. e~ 1

Simplify[Normal [Series[Eqlb - EqB8b /. weakselection, {e, 0, 1}]], assumption] /.
e-»1

m Diffusion Approximation (First Moment)

m Diffusion Approximation (First Moment / Separation of Time Scale)
We first derive the first moment of change in mutant allele frequency appying a separation of time scales.

Original Equations (Eqs.(A.7))
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RM
CR = Bgr * Xgr + _2 * XpM;

Bru
Cyq = — % XpM + Bum * Xum 7
2
2 2
fr Br® * Xg
CRr = — *

4
2 Br * Xg + By * Xy

fr+ £y Br* By * Xr * Xy
* .

4
2 BRr * Xg + By * Xy

2 2
fu Bu® * Xy

r
2 BRr * Xg + By * Xy

dgr * Xg + dy * Xy + drg * Xgrr + Arm * Xry + Aum * Xuym
Y= ;
CR + Cy + CRr + Cru + Cmm

dg * Xg + dy * Xy + drr * Xgr + ArM * Xry + Aum * Xuym
dmean= i
XR + Xy + XRR + XgM + XM

¥ * Cr - dg * X

eqHR
(XR + Xy + Xgr + XgM + XmyM) * Apean
Y *cy - dy * Xy
eqHM = ;
(XR + Xy + Xgr + XgM + XmM) * dpean

¥ * Crr — dgrr * Xgr

€gDRR =

~e

(XR + Xy + XgRr + XgM + XmyM) * Apean
¥ * Cgry - dry * XrM
eqDRM = 7
(XR + Xy + Xgr + Xry + XmM) * dpean

Y * Cwvm — Ay * Xy

eqDMM =

~e

(Xr + XM + XRr + XRM + Xum) * Apean
HRnext = eqHR + xp;
HMnext = eqHM + xy;
DRRnext = eqDRR + XgR;
DRMnext = eqDRM + Xgpum;
DMMnext = eqDMM + Xy ;

Transform variables
(Define: pM, 6p, pH, FD)
(SUM=N in the manuscript)

set = {
SUM == XR + Xy + Xgr + XRrM + XMM/
XRM
+ X
dgrr XM dgr 2 MM

Pum = * + * ’

dr +dgr  Xgp + Xy dr + dgr  Xgr + XgrMm + Xmm

XRM
+X
2 MM XM

6? == - ’

XRR + XrM + XMM = XR + Xy

XR + Xp

PH == ’

XR + Xy + Xgr + XgpM + Xum

1 XRM
Fp=1- " " *
R, xvy R xvm XRr + XgM + Xmm
2 @ 2 -
2 % * |1 -

XRR*XRM+XMM XRR*XRM+XMM

}i

OldToNew: Transformation of old variables to new variabls
NewToOld: Transformation of new variables to old variabls
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0ldToNew = Solve[set, {Xr, Xum, Xrr, XrM,s Xmq}] // Flatten
NewToOld = Solve[set, {SUM, py, Pu, S6p, Fp}] // Flatten

SUM (-dg - dgr + dr Pu + drr Pu — dr Op) Om

fra o - ,
dr + dgrr
SUM (dg Py + drr Pu - dr Op) On 1
Xy - ’ XRR*725UM(—dR—dRR+dRPM+dRRPM+dRR5p)
dg + drr (dr + dgr)

(dr + drr — dr Pu ~ drr Pu + dr Fp Py + drr Fp Pu — drr Op + drr Fp 6p) (-1 + 0x),

1
Xmq >~ ————— 2 SUM (-1 + Fp) (~dg Pu - 2 dr dgr Pu ~ dag Pu + df Piy + 2 dr drr Py + dig Pt ~ dr dre Op -
(dr + dgr)
1
dlziRép+ZdeRRpM5p+2d§RpM5p+d§R5§J> (=1 +pu), XmmﬁﬁSUM (dr Pu + drr Pu + drr Op)
R * CORR

(-dr Fp - drr Fp —~ dr Pu ~ drr Pu + dr Fp Py + drr Fp Pu — drr Op + drr Fp Op) (-1 +/OH)}

X
drr Xu dr (XMM i %M)
{SUM%XM+XMM+XR+XRM+XRR, Pu + ’
(dr + dgr) (XM + Xgr) (dg + drr) (XmM + XrM + XRR)
XM + XR 2 Xym XR — XM XgM + XR XRM — 2 XM XRR —xéM+4xMMxRR
Pu — r 6p r¥p 7 }
XM + Xum + XR + XrM + XRR 2 (xy + Xr) (Xmm + Xry + XRR) (2 Xum + XgM) (XryM + 2 XgR)
Dynamics for the new variables
Dynamics pM
DRMnext
drr HMnext dg -, + DMMnext
EqpMOLD = * * - Pumi

+
dr + dgg  HRnext + HMnext di + dgg  DRRnext + DRMnext + DMMnext
EgpMNEW = EqpMOLD /. O1dToNew;

Dynamics 6p

DRMnext , DMMnext HMnext

EQSpOLD = 2 - - 8p;
DMMnext + DRMnext + DRRnext HMnext + HRnext

EqSpNEW = EqSpOLD /. OldToNew;
Dynamics pH

HMnext + HRnext
EqpHOLD = %Y
SUM

EgoHNEW = EqoHOLD /. O1ldToNew;

Dynamics FD

1 DRMnext
EQFDOLD = |1 - * -
Imzﬂmm,,ext [ I"‘M‘z‘—e’“mmﬂext DRRnext + DRMnext + DMMnext
2 x -

*
DRRnext+DRMnext+DMMnext DRRnext+DRMnext+DMMnext

Fp;
EQFDNEW = EQFDOLD /. 01dToNew;

We next transform original equations to new variables system under the weak selection
Asuming weak selection (Egs. (C.1))

weakselection = {Bry = Brr* (1 + € * Sgru) ; Bum = Brr * (1 + € * Spum) , Bu = Br* (1 + € % Spy) ,
fyu->fr* (1l +€*xSgy), dru > drr* (1 -~ € *Sgrm) , A 2 Arr * (1 -~ € *Sgmm) , Au > dr * (1 - € *Sagy) };

EgCla = EQpMNEW /. weakselection;

EgClb = EQSpNEW /. weakselection;

EqClc = EqQOHNEW /. weakselection;

EqC1ld = EQFDNEW /. weakselection;

Egs. C2
Order(1): e=0



SupplementaryFile.nb | 7

EqgC2a = Simplify[EqCla /. € » 0, assumption && assumption2]
EgC2b = Simplify[EgClb /. € » 0, assumption && assumption2]
EgC2c = Simplify[EqClc /. € » 0, assumption && assumption2]
EgC2d = Simplify[EqCld /. € » 0, assumption && assumption2]

(6p (dre (-1 + o) - dg ox)
(2 drr Brr (-1+p8)%-dr fRBRD?}) (dr On (-2 SUMBrr (-1 +pn) + frBr (-1 +SUMpy)) +
drr (-1 +pon) (-SUMfR Bron + 2 Srr (1 —SUM+SUMDH)>>)/
((dr + dgr) (dR/Ofl (2 SUMBrr (-1 + pn) + £r Br (1 - SUMpy)) -
drr (-1 +pg) (-SUM£R Brof + 2 Ber (-1 +pm) (1+SUMpy)))
(dRDH (2 SUM Beg (-1 + pg)? + fr Br On (1+SUM*SUMDH)) -
drg (-1 + on)® (~SUMfg Bg o + 2 Brr (1 - SUM + SUM py) ) ) )

*((513 (drr (-1 + pom) - dron)
(drom (-4 SUMBZy (-1 +pg)> -2 (1 +SUM) £ g Brr (-1 + on) on + £A B3 0F (-1 +SUMpy) ) +dgr (-1 +
or) (2 (1+SUM) £ Br Brr (-1 +pn) on - SUM £2 B3 0f + 4 Bag (-1 + px)? (1 - SUM + SUMpy) ) )) /
((dr 0f (-2 SUMBRg (-1 +pn) + frBr (-1 + SUMpy)) + drg (-1 + ox)
(—SUM frBrOR + 2 Brr (-1 +pox) (1+ SUMDH)))
(-drou (2 SUMBre (~1+pn)? + £r Br on (1 + SUM - SUMpy) ) +
drg (-1 +og)® (~SUMfg Br o5 + 2 Bre (1 - SUM + SUMpg) ) ) ) )

2dRRBRR(_l+DH)2_deRBRD£}
SUM (dgr (-1 +pu) —dr Ou) (2 Brr (-1 + pou) - £r Br Pn)
’((fRBR/OH (-drr (-1 + pon) + dr On)
(a2 ou (SUMS] (-1 + on) (2Bre (-1 +0n) - £rBr on) + Fp (Ph (2 SUMBre (-1 + on)? + £r Br On
(1+SUM-SUMQg)) ~Pu (1+26p) (2SUMBrr (-1 +0r)” + fr Br Ox (1 + SUM - SUMpg) ) +
Sp (2 SUM f3gg (-1 +DH)2 + fr Bron (1 +SUM+5P_SUMDH)))) -
dig (-1 +pm) (65 (1 - SUM+ SUMpg) (2 Brs (-1 + on) - £r Br ou) +
Fp (*55, (1 -8UM+ SUMpy) (2Brr (-1 +pn) —£frBrOn) —Pu (-1 + pg) (-SUMfR Br on +
2 Bgr (1 - SUM+SUMpg)) +Pj (-1 + o) (~SUMfgBrop+ 2 Brr (1 - SUM + SUMpy)) ) ) +
dr dig (-62 (-1 +pg) (2-2SUM+SUMpy) (2Brs (-1 +0n) - £r Bron) +
Fp (Pn (-2 Brr (-1 +p)? (2-2SUM+ SUMpy) + fr Bron (2 SUM+ (1 - 3 SUM) oy + SUMpPR) ) +
Op (=1 +pu) (2PBrr (-1 +pn) (-1 +SUM~- SUMpy + &p (2 -2 SUM+ SUMpy) ) —
£r Br Pu (SUM - SUM py + Sp (2 - 2 SUM + SUM pg) )) +
Pu (~frBron (2 SUM+2SUMGS, (-1 +pg)? + (1 - 3 SUM) pg + SUMpP]) +
2 Brr (-1 +pg)? (2 -2SUM+SUMpy + 2 5p (1-SUM+SUMpg))))) +
df drr (5123 (-1+pn) (-1 +8SUM+SUMpy) (2Bre (-1 +pn) - frBrOR) +
Fp (pn (2Bre (-1 +pm)? (-1 + SUM+ SUM o) + fr Br on (SUM + 2 pg - SUM P ) ) +
Pu (-2 Ber (-1 +pg)% (-1 +SUM+2 (-1 + SUM) Sp + SUM og) + £r Br On (—SUM—20H+SUMpIZ{+
26, (-SUM+ (-1 +SUM) py) ) ) + Sp (-2 Bre (-1 +pg)% (1 -SUM+2SUMGS, o) +
fr Br Or (SUM -~ (=1 + SUM) pg + &p (-1 +pg) (-1+28SUMpg)))]))))/
((df on (~fx Br Op o + Pu (2 SUMBre (-1 +on)® + fr Br ou (1 + SUM - SUMpyg) ) | +
dr drr (Pu (2 (-1 + SUM) Brg (-1 + 0u)? + fr Br Ou (SUM - (-1 + SUM) pg) ) -
Op (=1 +pu) Pu (-2 SUM Brg (-1 + pon) + £fr Br (*1+SUMDH))) -
dig (-1 +pn) (8p (1 - SUM+ SUMpp) (2 Brr (-1 +p0n) - £r Br Or) +
Pu (-1 +0g) (~SUMfg B On + 2 fBre (1 - SUM+ SUMpg))) )
(dr drr (2 Brr (-1 +pg)? (1 -SUM+ (-1 + SUM) py + SUM &p on) -
fr Brou (SUM + pg — SUM oy + py (-SUM + (-1 + SUM) pg) + Sp (-1 + pn) (—l+SUMpH))> +
d2 px (2 SUM (-1 + pu) Brr (-1 +on)? - frBron (1 + SUM+ 6, - SUM py + py (-1 - SUM + SUMpyg) ) ) -
dig (-1 +pn) (2Bre (=1 +pPu+Sp) (-1 +pp) (1-SUM+SUMpy) -
fr Br On (SUM + SUMPy (-1 + pg) - SUMpy + Sp (1 - SUM + SUM oy) ) ) ) ) )

The demographic equilibrium reached in the absence of selection is:
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RapidEqOrder0 = Solve[ {EqC2a == 0, EQC2b == 0, EqC2c == 0, EqC2d == 0}, {Pu, Pu, Sp, Fp}]
Solve::svars : REIE TN TD "solve"BECIT U C[EMEE SZABVATREMA BV ET. >
([ -V2 Vdr Ve VEr VBr VBrr - 2 drr Bre
o A £x fr - 2 dnw B
V2 Vdr Vdre VEr VBr VBrr - 2 dar Brr
dR fR BR -2 dRR BRR

Of the two roots for py, the relevant one is positive and equals:

, 6p >0, FD»o},

{DH» ,59»0,1:,3»0}}

assumption = 0 < SUM && 0 < B && 0 < Brr && 0 < dg && 0 < dpr && 0 < f && fr < 1;
assumption2 =0 <py & py <1 && 0 < py && py < 1;

RapidEqgOrderOpH = Solve[{EqC2c = 0}, {pou}]

check = py /. RapidEqOrderOpH[[2]] // Simplify;

V Brr * drr
fs* B*dB
A ’ £ + V Brr * drr

2

{{p -V 2 \% dR \ dRR \ fR \ BR \% BRR - 2 dRR BRR} {p \% 2 V dR \% dRR \ fR \ BR \ BRR - 2 dRR BRR }}
- ’ -

: dg £r fBr - 2 dra Bre : dg £r fBr - 2 drg Bre

0

Simplify[check - ’ assumption]

Confirming that this is a solution to the O(1) equations:

V Brr * drr
fr*Br*d
e + V Brr * drr

2

(EqC2a, EqC2b, EqC2c, EqC2d} /. {pH - , Fp50, 65 o} // Factor

{0, 0, 0, 0}
Order(e): 6p, pH-EqoH, FD = (¢)
We’ll now set 6p, FD, and (oH-EqpH) to O plus order € terms (e.g., )p—e€ 6pl) and see what the change in allele frequency equals to next
order, €':

Dynamics pM

egpMTrans = EqCla /. 6, -» (e*S'p) /. pu~ (E)H+e*5ﬂ) /. Fp- (e*f‘n);
TSeries = Series[egqpMTrans, {e¢, 0, 1}];

OrderlpM = Normal [Collect [TSeries, {e ;s Puys 3p, Py f‘D} ’ Simplify] ] ;
Dynamics 6p

eqépTrans = EQClb /. 6, » (e*S'p) /. Py~ (5H+e*5ﬂ) /.Fp- (e*f‘n);
TSeries = Series[eqépTrans, {e¢, 0, 1}];

Orderlép = Normal [Collect [TSeries, {e, Pus Sp, Pu s f‘D} , Simplify] ] ;
Dynamics pH

egpHTrans = EqClc /. &, - (e*S'p) /«pa-> (Pa+e€xpy) /. Fp- (e*f'n);
TSeries = Series[eqpHTrans, {e¢, 0, 1}];

OrderlpH = Normal [Collect [TSeries, {e, Pus Spr Pu s f‘D} , Simplify] ] ;
Dynamics FD

eqFDTrans = EqCld /. 6, - (e*S'p) /. Py (E)H+e*5ﬂ) /.Fp- (e*f‘n);
TSeries = Series[eqFDTrans, {e¢, 0, 1}];

OrderlFD = Normal[Collect [TSeries, {e, Pus Spr Pu s f‘D}, Simplify] ];

Conclusion:
EqOrder1pM (pM)
EqOrder16p (pM, 6p)
EqOrderlpH (pM, pH)
EqOrder1FD (pM, FD)
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V Brr * drr

EqOrderlpM = Simplify [Factor [OrderlpM /. Flatten [Solve [131-1 = ’ BR] ] ] '

fp*Br*dp ,\/7
2 + V Brr * drr

assumption && as sumptionz]

V Brr * dgrr

EqOrderlép = Simplify [Factor [Orderlép /. Flatten [Solve [133 == ’ /SR] ] ] '

fRp*Br*dR _\/7
2 + V Brr * drr

assumption && assumptionz]

V Brr * dgr

EgOrderlpH = Simplify [Factor [OrderlpH /. Flatten [Solve [iiH == v BR] ] ] ’

fB*BB*dB
+ V Bgr * drr

2

assumption && assumptionz]

V Brr * dgrr

EqOrderlFD = Simplify [Factor [OrderlFD /. Flatten [Solve [;’5,., == ' ISR] ] ] ’

fB*BB*dB [
+ V Bgr * drr

2

assumption && assumptionz]
-(€drdgrr (-1 +Pu) Pu (2 8am + 2 Sgru + Sem + 2 Spu + 2 Pu (Samm — 2 Sarm + Spum — 2 Spru) + 2 Sgru) ) /
(2 SUM (dg + dre) (-dre (-1 + Py) +dg Ox) )
(€ (2dr (pik (~8aw + Samm - 3 8srm) — Pyt (Spmu — 2 Spru) + Pu (Baw + Sgru) + Op) +
drr (2Pt (Same — 2 Baru) — P (2 Sarw + Sew + 2 8ou) + Pyt (~2 S + 6 Sarue + Sew + 2 8pu) +25p) ) ) /
(2 SUM (drg (-1 + Pg) - dr Pg) )
(€drdrr (~Pu (-1 +Dg) Pr (Sam - 2 Saru — Sem - Spu + 2 Sppm) +
P (-1 +0u) P (Samm - 2 Sarw - Spmu + 2 Spru) - 2 D) ) / (SUM (drr (-1 + Py) - dr Bu)?)
€ drr (f'D + (-1 +pu) Pu (Samm - 2 §dRM))

SUM (dgg (-1 + Pg) - dr D)

From the first of these equations, we can see that the allele frequency change (pM), assuming weak selection, is only a function of pM. The
other equations describe how selection alters the other variables, but these are not needed to know how pM changes. We thus have a closed

one-variable model that describes the dynamics of selection acting on pM to order €'.
The variables are separated!!
EqOrderlpM2 =
EqOrderlpM/. e»>1/. §fM—)SfM /. gBM_)SBM /. §/3RM_)S[3RM /. §.BMM_)Sf3MM /. §dM_)SdM/' ngM_)SdRM /.
Samm - Samm
~(drdrr (-1 +Pu) Pu (2 Sau + 2 Sgrm + Sgm + 2 Spu + 2 Py (Samm — 2 Sarm + Spmm — 2 SgrM) + 2 SgrM) ) /
(2 SUM (dg + drr) (-dgr (-1 +Pg) + dr DOy

We check derivation of Eq. (C.3)
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1 SfM
Saverage = * (
2
2
Aharmonic = ﬁ;
-y —
dr  drr

_+S[3M+SdM

&=dn*5ﬂ+dkk* (1—f5n);

1

+ ;* (SprM + Sarm) 7

Pu * (1 - PM) 2 x Saverage + Pum * (SBMM -2 SprM + Samm — 2% SdRM) dharmonic
EqQC3 = * * ;
SUM 2 a
Simplify[EqOrderlpM2 - EqC3]
0
m Effective selection coefficient and degree of dominance
We check the derivation of Eq. (9) from Eq. (C3)
Eq3b = SUM? * * EqC3;
harmonic
Eq3b
PO = Limit[ , Pu - o] // Simplify;
SUM *py * (1 - py)
Eq3b
Pl = Limit[ , P - 1] // Simplify;
SUM*py * (1 - py)
Se = PO + P1;
PO
he = —;
Se
(1—2*hfs)*5/3m+(1‘2*hd)*5d1\m S4arM
Eq9a = (2 * Saverage + . hg > /. hg-> ;
2 SpMM Samm
2 % Saverage BRM SdrM
Eq9b = /.hg»> ——/ a7
4 * Sayerage + ((1 - 2xhpg) *sgum + (1 - 2xhyg) * squm) S pMm Samm

Simplify[s. - Eq9a]
Simplify[h. - EQ9Db]
0
0

= Applicable weight for average allele frequency for the separation of time scale

We show that the weighting scheme,

Original Equations (Eqs.(A.7))

dRR

dR+dRR

R
IR+IRR

, is the only scheme that allows for a separation of time scales in this model.



RM
CR = Bgr * Xgr + _2 * XpM;

Bru
Cyq = — % XpM + Bum * Xum 7
2
2 2
fr Br® * Xg
CRr = — *

4
2 Br * Xg + By * Xy

fr+ £y Br* By * Xr * Xy
* .

4
2 BRr * Xg + By * Xy

2 2
fu Bu® * Xy

r
2 BRr * Xg + By * Xy

Q
g

dgr * Xg + dy * Xy + drg * Xgrr + Arm * Xry + Aum * Xuym

~e

¥ = i
CR + Cy + CRR + CrM + Cmm
dg * Xg + dy * Xy + drr * Xgr + ArM * Xry + Aum * Xuym
dmean=
XR + Xy + XRR + XgM + XM
¥ * Cr - dg * X
eqHR = i

(XR + Xy + Xgr + XgM + XmyM) * Apean
Y *cy - dy * Xy
eqHM = ;
(XR + Xy + Xgr + XgM + XmM) * dpean

¥ * Crr — dgrr * Xgr

€gDRR =

~e

(XR + Xy + XgRr + XgM + XmyM) * Apean
¥ * Cgry - dry * XrM
eqDRM = 7
(XR + Xy + Xgr + Xry + XmM) * dpean

Y * Cwvm — Ay * Xy

eqDMM =

~e

(Xr + XM + XRr + XRM + Xum) * Apean
HRnext = eqHR + xp;
HMnext = eqHM + xy;
DRRnext = eqDRR + XgR;
DRMnext = eqDRM + Xgpum;
DMMnext = eqDMM + Xy ;

Transform variables
(Define: pM, 6p, pH, FD)
(SUM=N in the manuscript)
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For the average allele frequency, here we consider all possible weightings of the allele frequency in haploids and diploids, using the arbitrary

weight “a”.
set = {
SUM == Xg + Xy + Xgr + XRrM + XmM/
XRM
Xu + Xmm
pu==ax — + (1 -2a) »
XR + Xy XRR + XrM + XM
XRM
+ Xmm Xy
2
69 == - ’
XRR + XrM + XMm = XR + Xy
XR + Xy
Pu == ’
XR + Xy + XRr + XgM + Xmm

1

XRM

Fp=1-

+

X X
R +XMM XMM
-2 -2
2 * * |1 -
XRR*+XRM+XMM XRR*+XRM*+XMM

}i

OldToNew: Transformation of old variables to new variabls
NewToOld: Transformation of new variables to old variabls

*

XRr + XprM + XXMM
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0ldToNew = Solve[set, {Xr, Xum, Xrr, XrM,s Xmq}] // Flatten

NewToOld = Solve[set, {SUM, py, Pu, S6p, Fp}] // Flatten
{xRe—SUM (-1 +pu-96p+adp) Pusr Xu > SUM (py - Sp + @ Op) Puy
Xgr > SUM (-1l +py+adp) (L-pu+Fppy-adp+aFpdp) (-1+pn),
Xpu > -2 SUM (-1 +Fp) (-pu+Ppf-adp+2apubp+a’dh) (-1+pn),
Xuy > SUM (py + @ 6p) (-Fp-pu+Fppu-adp+aFpdy) (-1 +px) |

XRM
a xy (1-a) (XMM+T) Xy + XR
{SUM%XM+XM_M+XR+XRM+XRR, Pu > + ; Pu — ,
Xy + XR Xmm + XrM + XRR Xy + Xum + XR + XgM + XRR
2 Xym Xr — Xu XM + XR XrM — 2 XM XRR - %2, + 4 Xuy Xgr
6p = , Fp > }
2 (Xy + Xr) (XmmM + XrM + XRR) (2 Xum + XrM) (XmM + 2 XgR)
Dynamics for the new variables
Dynamics pM
DRMnext
HMnext B + DMMnext
EqQpMOLD = a * + (1-a)«* - Pu;
HRnext + HMnext DRRnext + DRMnext + DMMnext
EgpMNEW = EqpMOLD /. O1ldToNew;
Dynamics 6p
DRMnext
T + DMMnext HMnext
EqOpOLD = - -6p;

DMMnext + DRMnext + DRRnext HMnext + HRnext
EqSpNEW = EQSpOLD /. O1dToNew;
Dynamics pH
HMnext + HRnext

EqoHOLD = - Puj
SUM

EqoHNEW = EqoHOLD /. O1ldToNew;

Dynamics FD

DRRnext+DRMnext+DMMnext

1 DRMnext
EqQFDOLD = (1 - *
2 %
DRRnext+DRMnext+DMMnext

DRszxext +DMMnext [ DRM'Z‘ex"- +DMMnext DRRnext + DRMnext + DMMnext
* (1 -

Fp;
EgFDNEW = EQFDOLD /. O1ldToNew;

We next transform original equations to new variables system under the weak selection
Asuming weak selection (Egs. (C.1))

weakselection = {Bgy = Brr* (1 + € * Sgru) ; Bum = Brr * (1 + € * Spum) , Bu > Br* (1 + € % Spy),
fyu->fr* (l+€*Sgy), dru 2> drr* (1 -~ € *Sgrm) , A > Arr * (1 - € *Sgmm) , Au > dr * (1 - € *Sagy) };

EgCla = EQpMNEW /. weakselection;

EqClb = EQSpNEW /. weakselection;

EqClc = EQoHNEW /. weakselection;

EqCld = EQFDNEW /. weakselection;

Egs. C2
Order(1): e=0
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assumption = 0 < SUM && 0 < Bz && O < Brr && 0 < dp && 0 < dpr && 0 < f && fz < 1;
assumption2 =0 <py && py <1 && 0< py && py < 1;

EgC2a = Simplify[EgCla /. € » 0, assumption && assumption2]
EqC2b = Simplify[EqClb /. € » 0, assumption && assumption2]
EqC2c = Simplify[EqClc /. € » 0, assumption && assumption2]
EqC2d = Simplify[EqCld /. € » 0, assumption && assumption2]

(6p (drr (-1 + pon) - dr On)
(drom (-4aSUMPBER (-1 +pm)> -2 frBrBrr (-1 + ) Pr (& +aSUM-SUMpy) + (-1 +a)
£2 B3 0% (-1 +8SUMpy) ) +dgr (-1 +pm) (- (-1+a) SUMEZBE of +
4afg (-1+05)° (1-SUM+SUMEg) - 2 fr Br Brr (-1 +0s) pu (1 -a (1+SUM) + SUMpg) ) ) )/
((dRDIZ{ (-2 SUMfBgr (-1 +pn) + £rBr (-1 + SUMpy)) +drr (-1 + pOn)
(~SUM £r Br o + 2 Brr (=1 +px) (1 +SUMpy) ) )
(~dr o (2 SUMBrr (-1 + o) + fr Br o (1 + SUM - SUMpg) | +
dgg (-1 + o) ? (~SUM£g Br o5 + 2 Bre (1~ SUM + SUMpy) ) ) )
’((6}9 (dgr (-1 + pom) - dron)
(drom (-4 SUMBZy (-1 +pg)> -2 (1 +SUM) £ Br Brr (-1 + on) on + £ABE 0F (-1 +SUMpy) ) +dge (-1 +
or) (2 (1+SUM) £ Br Brr (-1 + o) on - SUM £2 B 0f + 4 Bag (-1 +px)? (1 - SUM+ SUMpy) ) )) /
((drpf (-2 SUMBgrs (-1 +pn) + frBr (-1 +SUMpPy)) + de (=1 + Ox)
(*SUMfRBRD§+25RR (-1 + pn) (1+SUMDH)>>
(~dr on (2 SUMBrr (-1 +0r)? + £ Br O (1 + SUM - SUMpg) ) +
drg (-1 +og)® (-SUM fg Br on + 2 Brr (1*SUM+SUM0H)))))
2dRRBRR(_l+DH)2_deRBR/O[%1
SUM (dgr (-1 +pu) ~dr Ou) (2 Brr (-1 + pPu) - £r Br Pu)
- ((£r Br o (drr (-1 + pg) - dr Ox)
(dre (-1 +pm) (65 (1 - SUM+ SUMpy) (2 Brs (-1 +ou) - frBrou) + Fp (Ph (-1 + on) (~SUM fg g g +
2 fBgr (1 -SUM+ SUMpy)) +pu (-1 +2 (-1+a) Sp) (-1 +pu) (-~SUM £R Br Ou + 2 Brr
(1 - SUM+ SUMpy)) + 6p (2/3RR (lL-a+ (-2+a)ady) (-1+pg) (1-SUM+ SUMpy) +
frBrop ((-1+a) SUM (-1 +py) +6p (1-2aSUM+a’SUM- (-2 +a) aSUMpg))))) -
dr On (SUMéf, (-1 +pn) (2Brr (-1 +p0u) - fr BrOH) + Fp
(P& (2 SUMBgrg (-1 + ) + fr Brop (1 + SUM - SUM pyg) | +
Pu (-1+2 (-1+a) &) (2SUMBeg (-1 + o) + fr Br on (1 + SUM - SUMpy) ) +
Op (2SUMBrg (1-a+ (-2+a)ady) (-1+pu)°+frBrou ((-1+a) (-1 - SUM+SUMpy) +
Sp (1-2a (1+8SUM) +a® (1+SUM) - (-2+a)aSuMpy)))))))/
((dRR (-1 +pm) (Pu (-1 +pu) (~SUM £fR Br Pu + 2 Brr (1 - SUM + SUM py) ) +
Op (2apBrr (-1 +pg) (1 -SUM+ SUMpy) + fr Brpou (-1 +aSUM-aSUMpy))) -
dr O (Pu (2 SUM Bre (-1 + o) ? + £r Br ou (1 + SUM - SUMpg) | +
Op (22 SUMBeg (-1 +pg)? + frBrom (-1 +a+aSUM-aSUMpy))))
(dre (=1 +pon) (2Bre (-1 +Pu+adp) (-1+pg) (1-SUM+SUMpR) -
frBr oy (SUM+ SUMDpPy (-1 +py) -~ SUMpy + 6p (1 -aSUM+aSUMpy))) +
dr on (-2 SUMBpe (-1 +py+adp) (-1+pu)” + £rBrPn
(1+SUM-SUMpy +py (-1 - SUM+ SUMpy) +6p (1 -a (1+SUM) +aSUMpy))))))

Order(¢): 6p, pH-EqoH, FD = (¢)
We’ll now set 6p, FD, and (oH-EqpH) to O plus order € terms (e.g., dp—€ dp1) and see what the change in allele frequency equals to next
order, €':

Dynamics pM

egpMTrans = EqCla /. &, -» (e*Sp) /. py - (51-1"‘5*51-1) /.Fp- (e*f‘n);
TSeries = Series[egqpMTrans, {€, 0, 1}];

OrderlpM = Normal [Collect[TSeries, {e, Pums Sp, Pur f‘D}, Simplify]];
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V Brr * drr B]]]
14 R I
fR*BR*dR +1/BRR*dRR

2

EqOrderlpM = Simplify [Factor [OrderlpM /. Flatten [Solve [131-1 ==

assumption && assumptionz]

(6 (2 a dr (Pp34 (8pwn — 2 Sgru) — Pu (Bam + Spru) + Pi (Sam — Spum + 3 Spru) *5p) -
(-1+a) der (2Dy (Samm - 2 Saru) — Pu (2 Sarw + Sew + 2 Spu) +
P (-2 Bamw + 6 Sary + Sem + 2 8u) +28p) ) ) / (2 SUM (drg (-1 + Pg) - dr Ou) )

@,

Finally, we ask what the weighting term “a” must equal for the dynamics of the allele frequency to be independent from SP:

Solve[D[EqOrderlpM, &,] = 0, a]

)

Recalling that the death rate is one over the longevity, this demonstrates that the allele frequency in haploids weighted by the average haploid
IRR

IR+IRR

where the allele frequency dynamics can be separated from the dynamics of the remaining variables to this order.

longevity (miﬁ) plus the allele frequency in diploids times the average diploid longevity ( ) allows for a separation of time scales

= Class reproductive value

dRR IR

dR+dRR ~_ IR+IRR
Because the population dynamics of residents in the Moran model can be described as,

H o= H-— dR«H + BRR*D _ ( - - dR ) BRR D

We show that the weighting scheme, , is similar as the class reproductive value of the Moran model.

dR+H+dRR+D  [R#fp - R+H+dRR+D R+fp
T*H+ﬁRR*D T*H+BRR*D
fR«Bp ” fRxBp
dRR+D * dRR
D'=D- = + 2 = 2 H+ (1 - 7)
dR+H+dRR+D ~ TR+Bp - b fR«Bp - D dR+H+dRR+D
—2 * +,BRR* > % +BRR*

This dynamics of H/N and D/N can be described by matrix,

assumption = 0< oy && Py < 1 && 0 < dg && 0 < dgg && 0 < Br && 0 < Brr && 0 < f && fz < 1 && 0 < SUM;

_ dr BRR
SUMx (dg*hap+drr*dipP)  syms« ( fR;ﬁR *hap+Bgrr*dip
W= fr*BR /.dip > 1 - hap;
2 _ drr
SUMx fR;BR *hap+BRR*dip) SUM« (dg*hap+drg*dip)

At population equilibrium, the eigenvalue of matrix W should be one.

LambdaW = Eigenvalues [W] ;

V Brr * drr
fRr*BRr*d _\/7
_R_ZR_B' + V Brr * drr

Simplify [LambdaW /. hap » py /. Flatten [Solve [pH = P BR] ] P assumption]

right = Eigenvectors [W];

V Brr * dgr

Simplify [right /. hap » py /. Flatten [Solve [pﬂ = ’ /SR] ] ’

fB*BB*dB
+ V Brr * dgrr

2

assumption]

{1 dr (1 -SUMpy) +dgr (1 - SUM + SUM py) }
I
SUM (dgr (-1 + og) - dr Ox)

e dr P
e Wl

The reproductive value of individual in the haploid-diploid model can be derived as the left eigenvector of the matrix W.
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TransW = Eigenvalues [Transpose[W]];

V Brr * drr

Simplify [TransW /. hap » py /. Flatten [Solve [pH = , BR] ] , assumption]

fR*Br*dR _\/7
2 + V Brr * drr

left = Eigenvectors [Transpose[W]];

V Brr * dgr
fr*BRr*d
Ir*fredn + V Bgr * drr

2

Simplify [left /. hap » py /. Flatten [Solve [pH =

. Bx]]

assumption]

{dR (1 - SUMpg) + dgg (1 - SUM + SUM pg) 1}
I’
SUM (dgr (-1 + pg) - dgr on)

(o )

PH dr On

We weight individual reproductive value by the population size, we have class reproductive value, c.

V Brr * drr

2

v= Simplify[left[ [2]1] /. hap = pg /- Flatten[Solve [p,,

. Bx]]

assumption]
c=Simplify[{v[[1]] *pu, V[[2]] *pp} /. pu— 1 - pp, assumption]
drr (-1 + on)
Y
dr Pu

{deRRDD , DD}

This is the weight to calculate the change in frequency of an allele under the selection, “class reproductive values” in Taylor (1990). And this
weight certainly realizes one variable system by separation of time scale (Appendix B).

c[[1]] c[[2]]

c[[1]1] +c[[2]1]1 e[[1]]+c[[2]]
{ dRR dR }

Nc = Simplify[{ }, assumption]

dg + dpr  dg + dre

= Diffusion Approximation (Second and third Moment)

m The change in moments for pM
We next derive the second moment of change in mutant allele frequency

Explicitly tracking the genotypes of the deaths, deaths occur in proportion to:

diot = dr * Xg + dy * Xy + dgg * Xgr + drM * Xrm + Aym * Xy 7

- dg * Xg
dg = 7
dtot
- dy * Xy
dy = 7
dtot
~ dRRr * Xgr
dgr = ——;
dtot
- dgrm * XryM
= ——;
dtot
- dyy * Xy
= ——;
diot

Births then occur in proportion to ¢(GT)/totC.
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RM
CR = Bgr * Xgr + _2 * XpM;

Bru
Cyq = — % XpM + Bum * Xum 7
2
2 2
fr Br® * Xg
CRr = — *

4
2 Br * Xg + By * Xy

fr+ £y Br* By * Xr * Xy
* .

CrM = i
2 BRr * Xg + By * Xy

2 2
fu Bu® * Xy
— *

Q
g

r
2 BRr * Xg + By * Xy

Ctot = (Cr + Cy + Crr + Cru + Cmy) §

~ Cr
Pr = H
Ctot
~ Cu
Pu = K
Ctot
- CRR
Pgrr = i
Ctot
~ CrM
Pru = i
Ctot
o Cum
Pmm = 7
Ctot

Transform variables
(Define: pM, 6p, pH, FD)
(SUM=N in the manuscript)

set = {
SUM == Xg + Xy + Xgr + XRrM + XmM/
XRM
+ X
dgr XM dr 2 MM

Py == * + * ,

dr + dgr  Xgr + Xpn dr + dgr  XgRr + XrMm + Xmm

XRM
+ X
2 MM XM

69 == - ’

XRR + XrM + XmM XR + Xy

XR + Xy

Pu = ’

XR + Xy + Xgr + XrM + Xmm

1 XRM
Fp=1- " - *
RM - XRrR + XgrM + Xmm
-2 - -2 -
2% * |1 -

XRR*+XRM+XMM XRR*+XRM*+XMM

}i

OldToNew: Transformation of old variables to new variabls
NewToOld: Transformation of new variables to old variabls



Here we focus only on changes in allele frequency, pM ==
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0ldToNew = Solve[set, {Xr, Xum, Xrr, XrM,s Xmq}] // Flatten
NewToOld = Solve[set, {SUM, py, Pu, S6p, Fp}] // Flatten

SUM (-dg - dgr + dr Pu + drr Pu — dr Op) Om

{XR% - ’
dr + dgrr
SUM (dg Py + drr Pu - dr Op) On 1
Xy - ’ XRR*725UM(—dR—dRR+dRPM+dRRPM+dRR5p)
dgr + dgrr (dr + dgr)

(dr + drr — dr Pu ~ drr Pu + dr Fp Py + drr Fp Pu — drr Op + drr Fp 6p) (-1 + 0x),

1
xRMe—mzsumquD) (-dZ pu - 2 dr drr P - dig P + di Pj + 2 dr drr P + 2g Pi - dr dre Op -
R * CORR

1
dlzzR 6p + 2 dgr drr Pu Sp + 2d121RPM5p+d§R5§> (=1 +pu)/, Xuy > ﬁ SUM (dg Pu + drr Pu + drr Op)
R * CORR

(-dr Fp - drr Fp —~ dr Pu ~ drr Pu + dr Fp Py + drr Fp Pu — drr Op + drr Fp Op) (-1 +/OH)}

XRM

drr Xu dr (XM"I+ 2 )

{SUM%XM+XMM+XR+XRM+XRR, Pu + ’
(dr + dgr) (XM + Xgr) (dg + drr) (XmM + XrM + XRR)
XM + XR 2 Xym XR — XM XgM + XR XRM — 2 XM XRR —xéM+4xMMxRR
Pu = ’ 6p% r Yo >
XM + Xum + XR + XrM + XRR 2 (xy + Xr) (Xmm + Xry + XRR) (2 Xum + XgM) (XryM + 2 XgR)
DRM
drR 5 *DMM dRR

+ , across a time step, ignoring whether the
dR+dRR DRR+DRM+DMM dR+dRR HR+HM

allele is carried by a haploid or diploid (i.e., assuming that the allele frequencies will remain near each other) and ignoring the slight
fluctuations that would occur around the equilibrium value of pH.

In the following, we keep track of changes in the allele frequency, pM:

A single birth-death event could cause one of the following 20 changes to the kth moment of pM:

moment [k _] =

dg * Py *
XRM
drr (xy + 1) dgr 2 T ¥
* + * -Ppu/.0ldToNew /. 6,50 /.Fp>0/.
dgr + dgrr (xg - 1) + (xy + 1) dr + dgr ~ XgR + XgM + XmM
k

DH"E’H
+
aR* Prr *

XRM
dgr XM dg 2 + X

-pPu/.O0ldToNew /. 6, -0 /. Fp>0/.

* + *
dgr + dgrr (xg - 1) + xy dgr + dgr (%gr + 1) + Xgy + Xmu

k
Pu 51{
+
an * Pry *
(xpM+1)
drr XM dgr + Xmm

* + * 2 -pu/.0ldToNew /. 5, >0 /. Fp >0 /.
dgr + dgrr (xg - 1) + xy dr + dgr  Xgr + (Xgrm + 1) + XMy

k

DH"E’H +

dr * Py *



18 | SupplementaryFile.nb

dgr Xm dr

XRM
2

+ (xmy + 1)

* + *
dgr + dgr (xg - 1) + xy dg + dgr
k

pH"bH +

-pu/.0ldToNew /. 6,0 /.Fp>0/.

XRr + Xry + (Xmy + 1)

dy * P *
XRM
drr (xp - 1) dgr 2 ¥
* + * -pu/.0ldToNew /. 6,0 /.Fp>0/.
dgr + dgr (xg +1) + (xy - 1) dr + dgr ~ XgR + XgM + XmM
k
DH-’E)H +
aM*f}RR*
XRM
drr (xp - 1) dgr + X
* + -pu/.0ldToNew /. 6,50 /.Fp>0/.
dr +drr  Xp + (xy - 1) dgr + dgr (%gr + 1) + Xgym + Xmm
k
ou = Py +
dy * Dy *
(xgm+1)
drr (xy - 1) dg ) + Xmm
* + * -pu/.0ldToNew /. 6,0 /.Fp>0/.
dr +drr  Xp + (xy - 1) dr + dgr Xgr + (Xgru + 1) + XMy
k
pl-l_)ﬁn +
aM*f’MM*
X
dex (3 - 1) dr ot (1)
* -pPu/.O0ldToNew /. 6,0 /.Fp>0/.
dr +drr  Xr + (xy - 1) dr + dgRr  Xgr + Xgrm + (Xmm + 1)
k
Dl-l"ﬁn
+
aRR*ﬁR*
X
dgrr XM dg _§&+XMM
+ -Pu/.O0ldToNew /. 6, -0 /. Fp >0 /.
dr +drr  (%gr+1) +xy dr+drr (Xrr - 1) + Xgm + Xmu
k
DH—’E)H
+
ziRR*IEN’M*
X
drr (xy + 1) dgr _2&+XMM
* + -pu/.0ldToNew /. 6,0 /.Fp>0/.
dr +drr  Xp + (xy + 1) dr + dgr (Xgr - 1) + Xgym + XM
k
DH"f’H +

aRR* Pru *
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(xpM+1) .
drr XM dgr X
*

+ *
dr +dgr  Xgp + Xy dg + dgr (xgr - 1) + (%gu + 1) + xMy

- pu/.0ldToNew /. 5, >0 /. Fp >0 /.

k

Pu - Pyg| (* RR dies, RM born x) +

aRR* Doy *
XRM
dRR Xy dR 2 + (xMM + 1)
* + *
dr + dgr  Xgr + Xy dg + dggr (Xgr - 1) + Xpy + (xuy + 1)

-pu/.0ldToNew /. 6,0 /.Fp>0/.

k

Pu - Py| (+ RR dies, MM born *) +

dru * Pg*
-1
Lxpu-1) " ), XmM

* + * -pu/.0ldToNew /. 6, >0 /.Fp>0/.
dr +drr  (%g+1) +xy dr+drr Xrr + (Xrm - 1) + xpn

dgr XM dg

k

P - Py| (+ RM dies, R born =*) +

dru * Py *
(xpM-1)
dgrr (xm + 1) dr 2 + Xmm
* + *
dr +drr  Xp + (xy + 1) dr + dgpr Xrr + (Xrm - 1) + XmM

-pu/.0ldToNew /. 6,50 /.Fp>0/.

k

P> Py| (+ RM dies, M born *) +

aR.M * Prg *
(xpM-1)
dgrr XM dr 2 + X
* + *
drp +drr  Xp+xy dr+drr (Xgr + 1) + (Xgu - 1) + xMn

- pu /. OldToNew /. 6, 0 /. Fp >0 /.

k

PH _)b}-l

(#* RM dies, RR born =*) +
dry * Py *
(xpM-1)
der - dg = + (Xym + 1)

* + * 2 -pu/.0ldToNew /. 5, >0 /. Fp >0 /.
dr + dgr  XRr + Xy dr +drr  Xpr + (Xrm - 1) + (xmm + 1)

k

pu - Py| (+ RM dies, MM born x)

+
dyy * Py *
X
drr X dr L+ (o - 1)
* + * -pPu/.0ldToNew /. 6, >0 /. Fp >0 /.
dr +drr  (%r+1) +xy dr+drr Xrr + Xgrm + (Xmm - 1)
k

P - Py| (+ MM dies, R born x)

+

aMM* By *
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XRM

dee _(url) o de , * Com D) - pu /. OldToNew /. 5,50 /. Fp 50 /.
dr +drr  Xp + (xy + 1) dr + Agr  Xgr + Xgru + (Xmm - 1)
k
Pu = Py
+
aMM*ﬁRR*
dgrr Xy dgr ig'M*'(xMM']-)

*

+ * -pPu/.0ldToNew /. 6,50 /.Fp >0 /.
drp +drr  Xp+xXy dr+drr (Xgr + 1) + Xgy + (xmy - 1)

k
Pu = 5}! +
aMM * Pru*
(xpM+1)
dgrr XM dr 2 + (xe - 1)

* + * -pu/.0ldToNew /. 6,50 /.Fp>0/.
drp +drr  Xp+Xy dr+drr Xgr + (Xgm + 1) + (xmy - 1)

k

pﬂ_)ﬁﬂ

= The second moment
While the change in the second moment in p to O(1) is:

weakselection = {Bry = Brr* (1 + € * Sgru) ; Bum = Brr * (1 + € * Spum) , Bu = Br* (1 + € * Spy),
fyu->fr* (1l +e€*Sgy), dru 2> drr* (1 -~ € *Sgrm) , A > Arr * (1 -~ € *Sgmm) , Au > dr* (1 - € *Sagy) };

Moment2WS = moment [2] /. OldToNew /. weakselection /. €50 /.6, 50/.Fp>0/.pg->py /-

V Brr * drr
fp*Br*d _\/7
_3_28_3 + V Bgr * dgr

Flatten [Solve [[)H = p Bn] ] // Simplify;

This is the change in pM, but scaling pM by N scales the variance by N2 and taking limit of N -> Inf

We check derivation of Eq. (C6a) from Eq. (C4)

d
v = Limit [SUM2 * Moment2WS ¥ ———— , SUM - Infinity] ;
dhar:moni(:
2
Gharmonic = j;
dr  drr
d= dg * Oy + dggr * (1 —5H);
_ dg + dggr
d= ——;
2
dr * Oy + 2 * dgg * Op 1 . . . )
EqC6a =py * (1 - py) * — * — /. pp>1-py// Simplify;
Py * Pp 4xd
Simplify[v - EqC6a, assumption]

0

p(1-p)

Setting this variance to , as in the standard diploid WF model, then defines an Ne.

. 1-p) . . Lo
That is Ne = - =L )_ is a measure of the effective population size:
2 variance



SupplementaryFile.nb | 21

We check derivation of Eq. (8a) from Eq. (C6a)

Py * (1 - py)
EffectiveN= — — ~"* // Simplify;
2 x EqC6a

2 % Py * Bp ~ ~
Eq8a = *SUM /. pp—->1-py;

*dR+2*£D-*dRR

al |

Eq8a
Simplify [EffectiveN - ]
SUM

0

= The third moment
While the change in the third moment in p to O(1) is:

Moment3WS = moment [3] /. OldToNew /. weakselection /. €-50/.6,50/.Fp>0/.pg>py /.

V Brr * drr
fr*BRr*d ,\/—
_8_28_3 + V Brr * drr

Flatten[Solve [[)H = p /3n” // Simplify;

Moment3 = Limit [SUM2 * Moment3WS, SUM - Infinity]
0

Thus, the third moment goes to zero, as required in a diffusion approximation.

Deriving the fixation probability in the haploid-diploid Wright-Fisher model

= Frequency of haploids in the resident population

Original Equations (Eq.(D.1))

WrM
CR = WRR * Xgr + — * XRgm7’
2

WRM
Ccy = — * Xgm + Wym * Xum 7

fr Wgr2 * Xg2
2 Wg * Xg + Wy * Xy

fr+ £y Wgr*wy * Xg * Xy

Cry = * H
2 WR * XR + Wy * Xy
fu Wy2 * X2
Cyy=—*% —;
2 WR * Xg + Wy * Xy
Cr
eqHR = (Xg + Xy + Xgr + Xgu + Xpm) * - Xgr;
CrR+Cy + Crr + Crm + Cvu.
Cm
eqHM = (Xg + Xy + Xgr + Xpy + Xym) * - Xu;
CR + Cy + Crr + Cru + Cuy
CRR
egDRR = (Xg + Xy + Xgr + Xgy + Xyy) * - XgrRr;
CR + Cy + Crr + Cgry + Cuy
CrM
egDRM = (X + Xy + Xgr + Xpy + Xym) * - Xgru;
CR + Cy + CRr + Cry + Cum
Cmm
eqgDMM = (X + Xy + Xgr + Xpy + Xym) * - Xmm;

CR + Cy + CRr + CrM + Cum
HRnext = eqHR + XR;
HMnext = eqHM + Xy;
DRRnext = eqDRR + Xgg;
DRMnext = eqDRM + Xgpy;
DMMnext = eqDMM + Xy ;

Calculating the frequency of haploids within a population composed entirely of residents (oy), assuming the population size is large:
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assumption = 0 < SUM && O < Wy && O < wgp && 0 < f && fg < 1;
assumption2 =0 <py && py <1 && 0< py && py < 1;

Factor [Normal [Series[eqHR /. {Xy >0, Xgy >0, Xpy 2 0} /. Xgr > N (1 -py) /. Xg>Npy /. N>N/¢€,
{e, 0, 0}]11

N <2wRR’4wRRpH’fRWRD§+2WRR0121)

€ (-2 vgr — £fr Wg Oy + 2 Wgrr PH)
Simplify[Solve[% == 0, py]]
ﬁ\/ﬂﬁ@%wﬂ} { V2 VEr Vwr Vg - 2 wge
li Pu — }}

{{DH‘> -
waR - 2WRR

fr Wr - 2 Wgr

The second of these can be rewritten as the strictly positive quantity (D.2)

WRR

\J V WRR
'\/?'an Vwr VWrr - 2 Wgr . fr *wgr

Simplify[ -%/.Wg -> —, assumption]
fr Wr - 2 Wgr 2

0
= Branching Process Approximation (WF-model)
Here we check the main calculations derived in Branching Process section of Appendix D.

Original Equations (Eq.(D.1))

WRrM
CR = Wgr * Xgr + —— * Xpm;
2
WRrM
cy = — % Xgy + Wy * Xpm
fr wgr2 * Xg2
CRR= — * ———;
2 Wg * Xg + Wy * Xy
fr+ £y  wWr*wy * Xg * Xy
CrM = * i
2 WR * XR + Wy * Xy
fu Wy2 * X2
c}m= _*—,
2 Wg * Xg + Wy * Xy
Cr
eqHR = (Xgr + Xy + Xgr + Xgy + Xyy) * - Xgr;
CR + Cy + Crr + Cgry + Cuu
CuM
eqHM = (X + Xy + Xgr + Xpy + Xym) * - Xn;
CR + Cy + Crr + Cry + Cuym
CRR
egDRR = (X + Xy + Xgr + Xgu + Xyy) * - XgrRr;
CR + Cy + Crr + Cry + Cuu
CrM
egDRM = (X + Xy + Xgr + Xpy + Xym) * - Xgru;
CR + Cy + CRr + Cry + Cuym
Cmm
eqDMM = (XR + Xy + Xgr + Xgy + Xym) * - Xum;

CR + Cy + CRr + CrM + Cum
HRnext = eqHR + Xp;
HMnext = eqHM + Xy;
DRRnext = eqDRR + Xggr;
DRMnext = eqDRM + Xgpy;
DMMnext = eqDMM + Xy ;

We define variables in the Appendx D
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assumption = 0 < SUM && 0 < Wy && O < Wpg && 0 < fp && fR < 1 && 0 < Wy && O < wgy && O < £y && £y < 1;

fr *wWr

freqgD= ——;

‘\/ Wr + VWrr

1 SfMm 1
Saverage =T % + Sym| + T * Syrm;
2 2 2
fr + £y
S
2
weakselection = {Wry > Wrr* (1 + € *Syrm) s Wim 2> Wrr * (1 + € ¥ Sypm) , Wy = Wr* (1 + € * Syuy) ,
fyu->fr* (1 +€e*Sey) };
weakselection2 = {Syrm = € * SyrM, Swumm = € * SyumMms Swum = € * Syum, Sgm = € * Sgem};

avef =

When the mutation first appears in haploids, the expected number of offspring is N*qggy &, which is given by:
CrM ~ ~ . .
N— /. Xy>1/.Xgu>0/. (Wwy +WrXg) -> (WgXR) /. X >0y N/. Xgr>0p N// Simplify
CR + CRrr
(fm + fr) Wy

2 wggr Pp + fr Wr Py

avef wy . frxwgp R

— /. W-> ——— %Dy + Wrr * Op
w 2

% - %% // Factor

0

When the mutation first appears in diploids, the expected number of offspring is N*qy p, which is given by:

Cum WrM 1 1
N——— /. Xy>0/.Xu-1/.Xyy~>0/. —+—waRxR+wRRXRR) -> (— fr Wr Xg + Wgr Xgr| /-
CRr + Crr 2 2 2
Xp > Py N/.Xgr > Pp N// Simplify
WRM

2 Wrg Op + £r Wr Og

WrM . frxwp .
—— /. W ——— %Dy + Wgr * Op;
2w 2

% - %% // Factor

0

Using a weak selection approximation, we derive Eq. (D.5) from Eq. (D .4)

avef x wy . ~

EqD4a = Exp [—7rD * f] /. weakselection /. 7iD»> D x €;
w

WrM

EgD4b = Exp [—7rH * ] /. weakselection /. 7nH » nH % €;

2%xW
tempa = Normal [Series [EqD4a, {€, 0, 2}]] /.€—>1/.7D >7D/. 8¢y > Seu /. Sum—> Sum /-

gwRM_) SwRM
tempb = Normal [Series [EqD4b, {€, 0, 2}]] /.€>1/.7H »>7H /. 8¢y >Seu /- Swn—> Sum /- Surm > Suru

7D fr wg 7D W £ Sgy Wr — 2 7D W £ Sy Wy + 7TD? £2 w2
T e 2 W
L sHwpg -4 7TH W Sypy Wrg + 7TH? wig
T 8 w2

Calculating the probability of fixation from these probabilities of loss, we obtain equations (D.5):
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fr *wg 2xfpxsyy*Wr + fRr* Sey % Wy fﬁ*wﬁ 2
EqD5a = ———— % 7D + — % 1D = —— % 71D° ;
w 2xW 2 %2
2
SwRM * WRR Wgr
EqD5b = —*7H + ———— »7H - * TH2;
2xW 2xW 8 xW

EqD5a - (1 - tempa) // Factor
EqD5b - (1 - tempb) // Factor

To obtain the fixation probabilities as given in equations (5b) and (5¢), we substitute 7D (as given by EqD5b) into EqD5a and solve for 7H
under weak selection. To simplify the result, we use the definition W - fR;wR * Dy + WRR * (l - ,6H> and replace for wgg using its

relationship to Py:
EQWS7H =
Factor [

Normal [

Series [

R fr*wr R
7H - EqD5a /. 71D -> EqD5b /. W > ——— % Oy + Wgr * (l—pH) /.
2

Flatten [Solve [freqH = Py, wRR] ] /. 7D ->nDxe /. nH->nHxe /. weakselection2,

te, 0, 23]]] /- Bawosem /. B> swn /. Bumeo Sumai

solnH = Solve [EQWSsH == 0, 7tH]

2 (“sfM_2st_2SWRM+SfM/SH'*'stM/SH*'ZSWRMbH)

)

Lo . . . 45
The second solution is the relevant one, and it can be written as equation (5a): — D424 Saverage

{{NH%O}, {HH%

PH*+2 PD
4 % Dp
WF7H = — = * 2 % Sayerage §
Py + 2% Pp
WF7H - 7H /. solnH[[2]] /. pp = 1 - py // Factor
0

Following the same procedure to solve for 7D
EQWS7D =
Factor [

Normal [

Series [

R frewr N
7D - EQD5b /. 7H -> EqD5a /. W > ———— % Py + Wer * (1 - By) /.
2

Flatten [Solve [freqH = Py, wRR] ] /. 7D ->7Dxe /. nH->nHxe /. weakselection2,

te, 0, 23]]] /- Baw-sem/. B> swn /. Bumeo Suma

solsD = Solve [EQWSsD == 0, 7nD]

—Sfm Py — 2 Sum Py — 2 Syrm O
{{FD%O}, {ND% £M Py wM Pn WRM H}}

-2 + Py

The second solution is the relevant one, and it can be written as equation (5a): }LDA

* 2 x Saverage
oH+2 Pp

2 % Dy
WF7nD = ~ ~
Pu + 2%pPp
WF7sD - 7D /. solnD[[2]] /. Pp - 1 - py // Factor
0

* 2% Saverage 7
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Fixation probability (Egs. (5))

2 * WR * WRg

Eqsb * 2 * Saverage;

~ W) ~
Wg * WRR + —;m* Wg * WRR

2 % Wy * Wgr

WR * WgR + Z*WR*'\’WR*WRR

fr *wg

*2 % Saverage 7

Eq5c

Simplify [Eq5b -WFrH /. W - * Py + Wrr *Op / - Oy - freqH /. pp » freqDd, assumption]

fr * W

Simplify [Eq5c -WF7D /. W~ * Py + Wrr * Op / - Oy » freqH /. pp » freqD, assumption]

Fixation probability (Egs. (6))

Pu Pp
Eq5a= ——— % Eq5b + — — % Eq5¢;
Py + 2% pPp Pu + 2%pPp
8 % Dy * Dp
Eq6 = —— % 2 *Saverage;

(ﬁn +2% ;SD) 2
Simplify[Ean -Eg6 /. py » freqH /. pp » freqD, assumption]
0

m Diffusion Approximation (First Moment)

m Diffusion Approximation (First Moment / Separation of Time Scale)

Original Equations (Eq.(D.1))

WRM
CR = WRr * Xgr + — * Xpu;
2

WrM
ey = — % Xgy + Wy * Xpm

fr wg2 * Xg2
CRR= — % ————
2 Wg * Xg + Wy * Xy

fr+ £y Wr * Wy * Xg * Xy

CRrM = * 7
2 Wg * XR + Wy * Xy
fu W2 * Xy
cm= _*—,
2 Wg * XR + Wy * Xy
Cr
eqHR = (X + Xy + Xgr + Xgy + Xyyn) * - Xgr;
CR + Cy + Crr + Cry + Cuy
Cum
eqHM = (Xr + Xy + Xgr + Xpy + Xym) * - Xm;
CR + Cy + CRr + Cry + CuyM
CRrr
egDRR = (X + Xy + Xgr + Xgu + Xyy) * - XgrRr;
CR + Cy + Cgrr + Cgry + Cuu
CRrM
eqDRM = (XR + Xy + Xgr + Xgy + Xym) * - Xgus
Cr + Cy + Crr + Crm + Cvm
Cmm
egDMM = (Xg + Xy + Xgr + Xpy + Xym) * - Xmm;

CR + Cy + CRr + Cry + Cuym
HRnext = eqHR + Xp;
HMnext = eqHM + Xy;
DRRnext = eqDRR + Xgg;
DRMnext = eqDRM + Xgpy;
DMMnext = eqDMM + Xy ;

Transform variables
(Define: pM, 6p, pH, FD)
(SUM=N in the manuscript)
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set = {
SUM == Xg + Xy + Xgr + Xgru + Xmm s
XrM
1 Xy 1 , X
Pys= —k —— + —k ——————,
2 Xp+ Xy 2 Xgr + Xgu + Xmu
XRM
p + Xum Xy
69 == - ’
Xgr + Xgrm + Xum Xgr + Xy
Xgr + Xy
Pu = ’
XRr + Xy + Xgr + Xgm + Xy
1 XRM
Fp=1- *
XRM Xy XRM X Xgr + Xgm + Xum
2% —2 4 |l1-—2
XRR+XRrM+XMM XRR+XRM+XMM

}i

OldToNew: Transformation of old variables to new variabls
NewToOld: Transformation of new variables to old variabls

0ldToNew = Solve[set, {Xgr, Xy, Xgrr, Xru, Xmu}] // Flatten
NewToOld = Solve[set, {SUM, Py, Pu, 6p, Fp}] // Flatten

1 1
{XR»—ESUM (<2+ 2Py~ 6p) prs Xy > SUM (2D~ Gp) ons

1
XRR»ZSUM(—2+2pM+6p) (2-2pu+2Fppy-0p +Fpbp) (-1 +pm),

1
xRMe—ESUM<—1+FD> (-4pu+4pg-26p+4pudp+65) (-1+pm),

1
X > SUM (2P + Op) (~2Fp = 2Py + 2 Fo u ~ 5p + Fo Op) (71+pH)}

4 Xy Xy + 2 Xum XR + 3 Xy Xry + XR Xgm + 2 Xyu Xgr

{SUM%XM+XMM4'XR+XRM+XRRI Pu —

Xu + Xgr

4 (Xy + Xr) (Xum + Xry + Xgr)

2 Xyw Xr — Xu Xru + Xr Xz — 2 Xy Xrr

OH = r Op >

Xy + Xum + Xg + XgrM + XRr
Dynamics of new variables

Dynamics pM

HMnext

2 (Xy + Xr) (Xmm + Xry + Xgr)

DRMnext
DXinext | DMMnext

1
EgpMOLD = — *
2 HRnext + HMnext

EqQpMNEW = EqpMOLD /. OldToNew;

1
+ — %
2

Dynamics 6p

DRM; t
2XEESXT 4 DMMnext

DRRnext + DRMnext + DMMnext

HMnext

EqQSpOLD =

DMMnext + DRMnext + DRRnext

EqSpNEW = EqSpOLD /. O1ldToNew;
Dynamics pH

HMnext + HRnext

EqpHOLD = - ou;

SUM
EqoHNEW = EQoHOLD /. O1ldToNew;

Dynamics FD

- - 8p;
HMnext + HRnext

Pui

D™

4

~ X2y + 4 Xuy Xrr

(2 Xum + Xru) (XrM + 2 Xgr

)
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DRRnext+DRMnext+DMMnext

1 DRMnext
EQFDOLD = |1 - * -
DRM'Z‘_e’“wm,.ext ’mzﬂmm,.ext DRRnext + DRMnext + DMMnext
2 % * |1 -
DRRnext+DRMnext+DMMnext

Fp;
EqQFDNEW = EQFDOLD /. OldToNew;

Transforming differential equations to new variable system

Asuming weak selection
weakselection = {wWgy > Wrr* (1 + € *SyrM) , Wy > Wrr * (L + € * Syum) , Wy > Wr* (1 + € xSyuy) ,
fiy > fr* (1 + € * Sgy) } ; PMWS = EQPMNEW /. weakselection // Simplify
SpWS = EQSpNEW /. weakselection // Simplify
PHWS = EqoHNEW /. weakselection // Simplify
FDWS = EQFDNEW /. weakselection // Simplify

(€ (64€® (-1 +Fp) py Sum (Sum + Seu (1 + € 8un) ) (Symn - 2 Supm) -
16cps (28w ((3-2€8uy+Fp (-3+4€8um)) Suam - (-1 +Fp) (-6 + 7€ 8yuy) Syru) +
Sem (L+e€8uu) ((3-4€8u+Fp (-3+8€8um)) S —2 (-1 +Fp) (-3 + 7€ Eum) Swr) ) —
16 py (€ 8em (L+€8u) ((-3-2Fp (-3+6p) +26p) Sumu+2 (-1 +Fp) (-5+206p) Supu +
28 (1-€62 (Sumn - 2 8urm) — 3 € Syru — 2 € Op Syru +
€Fp ((-2-06p+55) Sunn + (3 +26p - 262) Suru) ) ) +
2 (= (-1+Fp) (Symu-28uru) +€8um ((-3-2Fp (-3 +5,) +25p) S +
2 (-1 +Fp) (-5+26p) Syru) + €82y (1 - €65 (Summ - 2 Syru) - 3 € Sypy - 2 € Sp Sypu +
€Fp ((-2-0p+6%) Bum + (3+265-262) Supm)) ) ) +Sp (-2 (-2 + € Ep Sum)

(Sum (-4 +€ (-1 +Fp) 6% (28umm -~ 38yru) - 26p (L +€Fp (28um - 3 8up) + 3 € 8uru) ) +
(-2 +6p) (~6p (Summ — 2 Surn) — 2 Syru + Fp ((-2 + p) 8w — 2 (-1 + 6p) Burm) ) ) -
Sew (L+€8u) (8+€ (-1 +Fp) 65 ((L+4€8um) S — 2 (1 +3€ 8um) Suru) -
46, (-1+2e8u-4e8Smu+Fp (-3€8Sum+4€S8yrm)) -
2€65 ((-3+4Fp) Symu-6 (-1 +Fp) Syru+ Sy (2 + 6 € Sypu + Fp (4 € Sy - 6 € Sypu) ) ) ) ) +
4py (€6, 80 (-8+€ (-1 +Fp) 65 (Summ - 2 8yrm) - 2 € 65 (Fp (Syaam — 2 Suru) + 2 Syru) -

26, (3+€Fp (28um - 3 8yru) + 3€8upm) ) +
Suu (8 +808p-4€ (-1 +Fp) 63 (Summ — 2 8yru) +2€ 65 ((-3 +6Fp) Sy — 10 (-1 + Fp) Sypu) ) +

2 (46, (Summ — 3 8yru) - 365 (Suum -~ 2 Syru) + 4 Supy +
Fp ((4-86,+365) 8umu—2 (2-608p +36%) Suru) ) +

Sew (1+€8u) (4+6p (4-8¢8u) +€° (-1 +Fp) 6p Sum (Summ — 2 Suru) -

265;((*1+FD(1+€§wM))§wMM*2(*1+FD) (1 + € 8yu) Suru) -
€65 ((3-6Fp) Syuuy + 10 (=1 + Fp) Syru + Sun (6 + 6 € Sypm + Fp (4 € B - 6 € Sypu) ) ) ) ) +
8 by (Sem (1 +€8uu) (-2 +3€Sp8umm+ € 6f Sy + 8 € Sypy — 6 € Gp Syru — 2 € 55 Sypy +
€Fp (~(-6+46p+065) Sumu +2 (-4 +36,+06%) Sypu) + 2 € B
(2+€65 ((-2+3Fp) S -5 (-1 +Fp) Sypu) + Sp (3 -3 € Sypu+ Fp (-2 € Sy + 3 € Syru) ) ) ) +

2 ((2-36p+Fp (-4+368p)) Suum -6 (-1 +Fp) (-1 +6p) Syru +
Sum (-2 +3€ 6, (B — 2 Syru) + € 65 (Symn — 2 Syp) + 8 € Syru +
EFp (~(-6+46p+065) Summ+2 (-4 +36p+06%) Supm)) + € 8oy (2 +€65
((~2+3Fp) Sumu -5 (-1 +Fp) Supm) + 6p (3-3€8upu+Fp (-2€8am+3€8mu)))))))/
(4 (2+2cpuBm-€6p8m) (2+2€py (Sum+8sy (1 +€8uy)) -
€ 6p
(Sum + Sem (1 + € 8ym) ) )

(4 +€6)8um+4cpy (Summ - 28yru) - €Fp (4pp+ 4Py (—-1+6p) + (-2 +6p) Sp)

(Summ — 2 Swru) +4€5p SurM —
2€ 62 8upru + 4 €Pu (Sp (Summ - 2 Syru) + 2 Syru) ) )
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~((-2€® (-1 +Fp) 6 8um (Sum + Sew (1 + € 8um)) (Suan - 2 Symu) +

€® 65 (8eu (1+€8u) ((-5+Fp (5+4€8um)) Sam - 10 (-1 +Fp) (1 +€ 8um) Syru) +
28 ((-5+Fp (5+2€8um)) Summ -~ 5 (-1 +Fp) (2 + € 8ym) Syrm) ) -
16 € (-1 +pwu) pPu (2 (1 + € puSum) (PuSwum + Surm — 2 Pu Swru + Swu (-1 + € (-1 + Fp) Pu Surm) +
Fp (- (-1 +pu) Swmm + (-1 + 2 Py) Syrm) ) +
Sew (1+€8uy) (-1+py (268 +€Fp8am) +€ (-1 +Fp) Py (~Semw + 2 (1 + € 8yu) Suru) ) ) +

2€6) (€8em (1+€8um) ((-1+4Fp (-1 +py) - 4pu) S - 2 (-1 +Fp) (-5 + 4 Py) Sypu +
2§wM(3—4epﬁ(stM—25wRM)—eéwRM—4epM§wRM+
€Fp (-2 Py (Sum - 2 Suru) + 4 P (Suaan — 2 Supm) + Surm) ) ) +
2 (—3 (-1 +Fp) (Symm — 2 Syrm) + €Sym ((-1+4Fp (-1 +pu) - 4pPu) Swmm -
2 (-1 +Fp) (-5+4pPy) Syru) + €85y (3-4€Pf (S — 2 Suru) - € Supy -
4 € pu Suru + € Fp (—2 Pu (Summ — 2 Syru) +4Pp24 (Swmm — 2 Syru) +§wRM>>>> -
86p (2 (-4 -2 ¢ puSumn - € Ph Surv — € Syru — 2 € Pu Syru + 2 € Py Syry + € Fp
((-1+pf) Summ + (1 +2pu-2Pf) Suru) + € S (—l—6pM+4e(—1+FD)p§}(§wMM—2§wRM)—
€pa ((L+4Fp) Sy - 10 (=1 + Fp) Sypu) | + €’ pu Sy (-2 +2€ (-1 +Fp) Py (S - 2 Symu) -
2€ph (Fp (Sumv — 2 Syru) + 2 Syru) + Py (-1 +€ (-1 +Fp) §wRM)))+
€8eu (L+e8uu) (-1-2py (3+2€8u) +4€” (-1 +Fp) Py Suu (Summ - 2 Suru) -
4epd ((1+Fp (-1+€8um)) Summ -2 (-1 +Fp) (-1 +€8un) Suru) +
€pp (- (1+4Fp) Sy + 10 (-1 +Fp) Syupu+ 28y (-1 +€ (-1 +Fp) Sup)) ) ) -
4e6] (8em (1+€8um) (7+€PuSumm— 6€Df S — 2 € Pu Syru + 12 € Pl Sypm +
€Fp ((1-2pu+6pg) S+ 2 (1-6pu) PuSuru) +
2€8uy (1+2€pi (Fp (Sumn - 3 8yru) + 3 8urm) +Pu (5 +€ (-1 +Fp) Sypu) ) ) +
2 ((-1-5pu+Fp (-2+5pu)) Suum -5 (-1 +Fp) (-1 +2pu) Suru +
€82 (1+2€ph (Fp (Swm - 3 Syru) + 3 8yru) + Pu (5+€ (-1 +Fp) Syru) ) + S (7 + € Pu (Syomn -
28yru) - 6€Py (Sumu - 28uru) +€Fp ((1-2Pu+6Dpf) Sumw+2 (1-6py) Pudurn)))))/
(2 (2+2cpuSum —€6p8uu) (2+2€py (Sym+8Sem (L+€8un)) —€0p (Sum + Sgm (1 + € Sym) ) )
(4 + €62 8+ 4€Ph (S — 2 Syru) -
€Fp (4pg+4Pu (-1+8p) + (-2 +6p) Sp) (Sum — 2 Syru) +
46,8y -2€0658uru+ 4Dy (Op (S — 2 Suru) + 2 Surn) ) | )
(fRWRDIZ{<_2_2€pM (Swm + Sem (1 + € 8un) ) + €0p (Sym + Sen (1 +€84u))) -
wer (-1 +pog)? (-4 -€628um-4€ph (Sumn—28upu) +€Fp (4Ph+ 4Py (-1 +38p) + (-2 +6p) 6p)
(Sum — 2 Syru) — 4 € Op Surm + 2 € 6% Syru — 4 € Py (Sp (Buam — 2 Surm) + 2 Syru) ) ) /
(fRWROH (2+2€cpy (Syu+8em (1 +€8uu)) -€6p (Sum+Sem (1 +€8um))) +Wrr (-1 +0n)
(-4-€628um-4€ph (Sum - 28urm) + €Fp (4Ph+4pu (-1 +38p) + (-2 +6p) 6p) (Summ — 2 Syru) -
46y 8y +2€ 065 8urn - 4 €Dy (Op (S — 2 Suru) + 2 Surn) ) )
(€® (4pi-4pu (1+6p) +6p (2+5p) ) 82y (1+€8um) -
Fp (4 (2+2€py8un-€6p8um)° +€” (2pu-6p) 85y (L +€8um) (2-6p (L+2€8um) +Pu (2+4€8u)) +
2€8my (4-46p (1+2€8uu) +4cphSun (2+3€8u) +
€62 8m (2+3€8m) ~4pu (-2+2€ (-2+6p) Buu+3€25,8%))))/
((4+2€cpy (28 +8em (L+€8um)) —€Sp (28 + 8em (1 +€8)))

(4+4€cpuSm-2€6p8um+€8em (2-6p (L +2€8um) +Pu (2+4€8um))))

We derive Eqs. D6
Order(1): e=0
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assumption = 0 < SUM && O < Wy && O < wgp && 0 < f && fg < 1;
assumption2 =0 <py && py <1 && 0< py && py < 1;

EgD6a = Simplify[pMWS /. € » 0, assumption && assumption2]
EgD6b = Simplify[SpWS /. € » 0, assumption && assumption2]
EgD6c = Simplify[pHWS /. € » 0, assumption && assumption2]
EqgD6d = Simplify[FDWS /. € » 0, assumption && assumption2]

0

~26,

-2wgr (-1 +pg)?+ £ wg O3
2wgr (-1 +pg) - £r Wr Ox

_FD

The demographic equilibrium reached in the absence of selection is:
RapidEqOrder0 = Solve[ {EqD6a == 0, EqD6b == 0, EqD6c == 0, EqD6d == 0}, {Pu, Pu/s Sps Fp}]
Solve::svars : FIEIIF TN TD "solve"BE(CII L CRBESZBVATEEMNH U ET. >

{{DH% —WEMM_ZWRR

fr Wr - 2 Wgr

V2 VErR Vwr Ve - 2 Wee

fr Wr — 2 Wrr

,ép»o,FD»o},{pH» ,59»0,1?,3»0}}

Of the two roots for fracH, the relevant one is positive and equals:

RapidEqOrderOpH = Solve [ {EgD6¢c == 0}, {pou}]

check = py /. RapidEqOrderOpH[[2]] // Simplify;

Vwer
{{DH% *EEMM’ZWRR}, {DH%\/?\/KMM*ZWRR

frR Wr — 2 Wgr }}

Simplify[check - , assumption]

fR Wr — 2 WRR
0

Confirming that this is a solution to the O(1) equations:

(EqD6a, EqD6b, EqD6c, EqD6d} /. {pH - , Fp0, 6, o} // Factor

{0, 0, 0, 0}

Order(e): 6p, pH-EqoH, FD = (¢)
We’ll now set ép, FD, and (oH-EqpH) to O plus order € terms (e.g., o)p—€ dpl) and see what the change in allele frequency equals to next
order, €':

Dynamics pM
egpMTrans = pMWS /. &, - (e*S'P) /«pa-> (Pa+e€xpy) /. Fp- (e*f'n);

TSeries = Series[eqpMTrans, {€¢, 0, 1}];

OrderlpM = Normal [Collect [TSeries, {e ; Pus 3p, Py f‘D} ’ Simplify] ] ;
Dynamics 6p

egSpTrans = SpWS /. &p - (e*S'P) /«pu-> (Pa+expy) /. Fp (e*f'n);

TSeries = Series[eqépTrans, {e¢, 0, 1}];

Orderlép = Normal [Collect [TSeries, {e, Pus Spr Pu s f‘D}, Simplify] ] ;
Dynamics pH

eqpHTrans = pHWS /. 6, -» (e*S‘p) /. Py~ (E)H + e*Z')H) /.Fp- (e*f‘n);

TSeries = Series[eqpHTrans, {€¢, 0, 1}];

OrderlpH = Normal [Collect [TSeries, {e, Pus SP, Pu s f‘D}, Simplify] ] ;
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Dynamics FD

eqFDTrans = FDWS /. &, - (e*Sp) /. pu - (53 + e*ﬁﬂ) /.Fp-> (e*f‘n);
TSeries = Series[eqFDTrans, {€, 0, 1}];
OrderlFD = Normal [Collect [TSeries, {e, Pus S'p, Pu s FN‘D}, Simplify] ] ;

Conclusion:
EqOrder1pM(p. 6p)
EqOrder16p(p, op)
EqOrder1pH(p, pH)
EqOrder1 FD(FD)

EgOrderlpM = Simplify [Factor [OrderlpM /. Flatten [Solve [[)H =

assumption && assumptionZ]

EqOrderlép = Simplify[Factor[Orderlép /. Flatten[Solve [E)H =

assumption && assumptionz]

EqOrderlpH = Simplify [Factor [Orderlpl-l /. Flatten [Solve [bH =

assumption && as sumptionz]

EgOrderlFD = Simplify [Factor [OrderlFD /. Flatten [Solve [iiﬂ = , wR] ] ] ,

assumption && assumptionz]

1
_Ze (-1 +pu) Pu (Sem + 2 (Sym + Py (S — 2 Syrm) + Syrm) )

1 ~

7 (- (8zm+ 2 (Buw + S — 3 8uru) ) + Py (Ssm + 2 8w — 2 Supm) + 2 Py (S — 2 Suru) - 4 )
€ (pu (-1 +Pn) Py (Sem+ Sum — 2 Burm) — Pit (-1 + D) Pu (B — 2 Suru) - 2 Py
-€ FD

From the first of these equations, we can see that the allele frequency change (pM), assuming weak selection, is only a function of pM. The

other equations describe how selection alters the other variables, but these are not needed to know how pM changes. We thus have a closed

one-variable model that describes the dynamics of selection acting on pM to order €!.
The variables are separated!!

Check: Eq.D.7
We check derivation of Eq. (D.7)

EqOrderlpM2 = EqOrderlpM /. € > 1 /. Sey > Sem /+ Sum = Sum / « Swrm = Swrm / « Swmm = Swvm}

1 SfM 1
Saverage = T * ( + SWM) + — * SyrM/
2 2 2

2*saverage +Pu * ((1-2xhy) *s,m) SwRM
EqD7 = py * (1 - pu) * /.« hy > i
2 SwMM
Simplify[EqOrderlpM2 - EqD7, assumption]

0




m Effective selection coefficient and degree of dominance

We check derivation of Eq. (11) from Eq. (7)

Eq7a = SUM x EqD7 ;

Eq7a

PO = Limit[ , Pu - o] // Simplify;

SUM*py * (1 - py)
Eq7a

P1= Limit[ , Pu - 1] // Simplify;
SUM *py * (1 - py)

se = PO + P1;

PO
he = —;
Se
(1-2xhy) *s s
EqlOa = (2 * Saverage + - wm/x] /. hy; > v F
2 Swmm
2% saverage SwRM
Eql0b = /. hy»> —;
4*savex:age + ((1 -2xhy) *syum) SwMM

Simplify[s. - Eql0a]
Simplify[h. - EQ10b]
0
0

= Applicable weight for average allele frequency for the separation of time scale

We show that the weighting scheme, {i, %}, is the only scheme that allows for a separation of time scales in this model.

WRM
CR = Wgr * Xgr + —— * Xpm;
2

WRM
cy = — % Xgy + Wiy * Xum

fr wgr2 * Xg2
CrRrR= — * — i}
2 wWg * Xg + Wy * Xy

fr+ fy  Wr*wy * Xg* Xy
CrM = * i
2 WR * XR + Wy * Xy

fu Wy2 * X2
— %
2 Wg * XR + Wy * Xy

Cmm

Cr

eqHR = (Xg + Xy + Xgr + Xgm + Xpm) *
CrR+Cy + Crr + Crm + Cuu

CuM

eqHM = (Xg + Xy + Xgr + Xpy + Xym) *
CR + Cy + CRr + Cru + Cuy

CRR

- XRr;

- Xu;

egDRR = (Xg + Xy + Xgr + Xgy + Xyy) *

CrR +Cy + Crr + Crm + Cum

CRrM

egDRM = (X + Xy + Xgr + Xgy + Xym) *

CR + Cy + Crr + Crm + CuMm

Cmm

eqgDMM = (X + Xy + Xgr + Xpy + Xym) *

CR +Cy + Crr + Crm + Cum

HRnext = eqHR + Xp;
HMnext = eqHM + Xy;
DRRnext = eqDRR + Xgg;
DRMnext = eqDRM + Xgpy;
DMMnext = eqDMM + Xy ;

Transform variables
(Define: pM, 6p, pH, FD)
(SUM=N in the manuscript)

- Xgrr;

_XRM

- XM 7

SupplementaryFile.nb | 31



32 | SupplementaryFile.nb

set:{
SUM == Xg + Xy + Xgr + Xgru + Xmm s
KBM'+XM;M
PMm==ax* +(1—a)*—l
Xgr + Xy Xgrr + Xgru + XM
XRM
p + Xum Xy
6P:: - ’
XgRr + Xgrm + Xum Xgr + Xy
Xgr + Xy
Pu = ’
XRr + Xy + Xgr + Xgm + Xy
1 XRM
Fp=1- *

X

XRR+XRM +XMM

XRM RM
+XMMm +XMMm
2% —2 — & {1 -—2

i

XRR+XRM+XMM

] Xgr + Xgm + Xum

OldToNew: Transformation of old variables to new variabls
NewToOld: Transformation of new variables to old variabls

0ldToNew = Solve[set, {Xgr, Xy, Xgrr, Xru, Xmu}] // Flatten
NewToOld = Solve[set, {SUM, Py, Pu, 6p, Fp}] // Flatten

{Xr > -SUM (-1 +py - 6, + adp) ou, Xu— SUM (py - 6 + & 6p) Pn,
Xgr > SUM (-1 +py+adp) (L-pu+Fppu-adp+aFpdp) (-1+pn),
XM > -2 SUM (-1 + Fp) (—pM+pﬁ—a5p+2apM6p+a2 6;) (-1 + pg).,

Xy > SUM (py + @ 6p) (~Fp - Py + Fppu-adp +aFpdp) (-1 +px) |

T+DMMnext

DRRnext+DRMnext+DMMnext

DRRnext+DRMnext+DMMnext

XRM
a Xy (1-2a) (Xmﬁf Xy + Xg
{SUM»XM+XMM+XR+XRM+XRR, Pu — y OH ,
Xu + Xgr Xmm + Xrm + XRrR Xy + Xum + Xr + Xru + XRR
2 Xum Xr — Xu Xru + Xr Xy — 2 Xu Xrr - X2y + 4 Xuy Xrr
Op > Fp —> }
2 (X + Xr) (Xmm + Xryu + Xgr) (2 Xum + Xgu) (Xmy + 2 Xgr)
Dynamics of new variables
Dynamics pM
DRMnext
HMnext T + DMMnext
EqpMOLD = a * +(1-a)=* - Pui
HRnext + HMnext DRRnext + DRMnext + DMMnext
EqpMNEW = EqpMOLD /. O1ldToNew;
Dynamics 6p
DRMnext
——— + DMMnext HMnext
EqSOpOLD = - -6pi
DMMnext + DRMnext + DRRnext HMnext + HRnext
EqSpNEW = EqSpOLD /. O1ldToNew;
Dynamics pH
HMnext + HRnext
EQoHOLD = - Puj
SUM
EqoHNEW = EqoHOLD /. OldToNew;
Dynamics FD
1 DRMnext
EQFDOLD = |1 - *
DRMnext DRMnext  Mnext DRRnext + DRMnext + DMMnext
2 %

Fp;
EqQFDNEW = EQFDOLD /. O1dToNew;

*[1-
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Transforming differential equations to new variable system
Asuming weak selection

weakselection = {Wgy > Wgr* (1 + € * Syrm) , Wun > Wrr * (L + € * Sium) , Wy > Wr* (1 + € xSyy) ,
fu > fr*x (1 + € xSgy) } ; PMWS = EqQPMNEW /. weakselection // Simplify

SpWS = EQSpNEW /. weakselection // Simplify

PHWS = EqQOHNEW /. weakselection // Simplify

FDWS = EQFDNEW /. weakselection // Simplify

“bu- ((-1+a) (pu+ (-1+a) &) (1+€8um)
(2 (l+ecpuSm+ (-1+a)€bp8um) +€8em (L+pu (L+2€8uy) + (-1+a) 5p(l+2€§wM))))/
(2 (L +epuSum+ (-1+a)edp8yn)
(1 +€pu (Suu + 8en (L +€8um)) + (-1+a) €Sp (Sum+Sem (1 +€8m)))) - (a (pu+adp)
(-1-a€dpSymu+€Fp (-1 +py+adp) (Simm— Syra) _egwRM+a€5p§wRM+epM(‘gwMM+§wRM)))/

(1+a® €6l 8um+cpl (Summ - 28uru) ~€Fp (Pa+adp (-1+aby) +py (-1+2a8p)) (Summ - 2 Supu) +
2a€ 6, 8yru-2a” €6 8ypu + 2 € Py (aSp (B - 2 Surm) + Suru)
~Sp+ ((pu+ (-1 +a) Sp) (1+€ Bum)
(2 (l+epuSum+ (-1l+a)€bp8um) +€8em (L+pw (L+2€8yy) + (-1+a) 6p(1+26§wM))))/
(2 (L+epuSum+ (-1+a)edp8ynm)
(L+epu (Sym+Sem (L+€8uym)) + (-1 +a) €Sp (Sym+Sem (L +€84m)))) + ((Pu+adp)
(-1-a€e6p8um+€Fp (-1 +Py+adp) (Summ — Syru) — € Syru + @ € Sp Syry + € Py (- Svaaw + Swru) ) ) /
(1+a® €6l 8+ Pl (Summ - 28ru) - €Fp (Pr+adp (-1+ady) +py (-1+2a8p)) (Summ - 2 Sypu) +
2a€ 6, 8yru-2a" €62 8yru + 2 € Py (aSp (Bum - 2 Surm) + Suru)
~((frwr 0% (1 +epy (Bum+8sm (L+€8uy)) + (-1+a) €6p (Bym+ Sem (L+€8m))) +
2wrg (-1 +pp)? (-1-a” €6 8 - € (Summ - 2 8yru) +€Fp (Pr+adp (-1+ady) +py (-1+2adp))
(Summ — 2 8ypy) — 2@ € Sp Sypm + 2@ € 67 Byru - 2 € Py (@ Sp (Sum — 2 Syru) + Suru) ) ) /
(waRpH(1+epM (Sym + Sem (L+€8yn)) + (-1 +a) €0p (Sum + Sgm (1 + € 8ym) ) ) +
2weg (-1 +p) (-1-a®€ 5 8um - € P (Suum - 2 8ypu) + €Fp (Ph+adp (-1+ady) +pu (-1+2a6p))
(Bumn — 2 Sypy) — 2 @€ Sp Sypu + 2% € 52 Burw - 2 € Pu (@ Sp (Summ — 2 Syru) + Surm) ) ) )
(€® (pa+ (-1+a)bp (-1+ (-1+a)6p) +pu (-1+2 (-1+a) Sp)) 8Fy (1 +€8um) -
Fp (4(1+epM§wM+(—1+a)eép§wM)2+
e? (pu+ (-1 +a) &p) é%M(l+e§wM) (L+pu (L+2e8uu) + (-1+a) 6p (L+2€8u)) +
2€8my (1+2(-1+a) 6y (1+2€8u) +€PhSum (2+3€8u) +
(-1+a)®c6i8um (2+3€8u) +Pu (2+4€ (1+ (-1+a) Sp) 8uu+6 (-1+a) e’ 6,8%))))/
((2+€py (28um +8gm (L+€8un)) + (-1 +a) €6p (28um+ 8em (L +€8gm)))
(2 (1l+epuBu+ (-1+a) €Sp8um) +€8au (L+pu (L+2€8uu) + (-1+a) Sp (L+2€8m))))
We derive Egs. D5
Order(1): e=0

assumption = 0 < SUM && 0 < Wy && O < wgp && 0 < f; && fz < 1;
assumption2 =0<py & py <1 && 0 < py && py < 1;

EgD5a = Simplify[pMWS /. € » 0, assumption && assumption2]
EQD5b = Simplify[SpWS /. € » 0, assumption && assumption2]
EgD5c = Simplify[pHWS /. € » 0, assumption && assumption2]
EgD5d = Simplify [FDWS /. € » 0, assumption && assumption2]
(-1+2a) &

-2 6,

-2 wgr (*1+DH)2 +fRWR/012{

2wgr (-1 +pn) - fr Wr On
-Fp
Order(¢): 6p, pH-EqoH, FD = (¢)
We’ll now set ép, FD, and (oH-EqpH) to O plus order € terms (e.g., )p—€ dpl) and see what the change in allele frequency equals to next
order, €':
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Dynamics pM

egpMTrans = pMWS /. &, -» (e*Sp) /. py - (51-1"‘5*51-1) /.Fp- (e*f‘n);
TSeries = Series[egqpMTrans, {€, 0, 1}];

OrderlpM = Normal [Collect[TSeries, {e, Pums S'p, Pur f‘D}, Simplify]];

Dynamics 6p

eqSpTrans = SpWS /. &, - (e*Sp) /. pu - (5H+e*5ﬂ) /.Fp- (e*f'n);
TSeries = Series[eqépTrans, {€, 0, 1}];

Orderlép = Normal [Collect [TSeries, {e, Pus Sp, Pu s FN‘D} ’ Simplify] ] ;
Dynamics pH

egpHTrans = pHWS /. &, -» (e*Sp) /. py - (51-1"‘5*51-1) /.Fp- (e*f‘n);
TSeries = Series[eqoHTrans, {€, 0, 1}];

OrderlpH = Normal[Collect [TSeries, {e, Pus Sp, Pu s f‘D}, Simplify] ];

Dynamics FD

eqFDTrans = FDWS /. &, - (e*Sp) /. pu - (53 + e*ﬁﬂ) /.Fp> (e*E'D);
TSeries = Series[eqFDTrans, {€, 0, 1}];
OrderlFD = Normal [Collect [TSeries, {e, Pus Sp, Pu s f‘D}, Simplify] ] ;

Conclusion:
EqOrder1pM(p. 6p)
EqOrder16p(p, op)
EqOrder1pH(p, pH)
EqOrder1 FD(FD)

EgOrderlpM = Simplify [Factor [OrderlpM /. Flatten [Solve [ﬁﬂ = ’ WR] ] ] ’

assumption && assumptionz]

EqOrderlép = Simplify[Factor[Orderlép /. Flatten[Solve [ﬁﬂ = ’ wR] ] ] ’

assumption && assumptionz]

EqOrderlpH = Simplify [Factor [OrderlpH /. Flatten [Solve [bH = ’ wR] ] ] ’

assumption && as sumptionz]

EqOrderlFD = Simplify [Factor [OrderlFD /. Flatten [Solve [133 =

assumption && assumptionz]

e (PE(-(-1+a)Bm -2 (-1+a) Buu-2a (Somu — 3 Bum) ) +

2
2apy (Bum-28urm) +Pu ((-1+a) Bew+2 (-1+a) 8m-2a8uu) +2 (1-2a) &)
1 .

S € (-ph (Bem+2 (Bum + Sumn — 3 8uru) ) + Pu (Sem + 2 Sy - 2 Sypu) + 2 Pyt (Suaw — 2 Syru) - 4 )

€ (Pu (-1 +Pn) O (Ssu + Bum — 2 Suru) ~ Phy (-1 + Py) Ou (B - 2 Surm) - 2 Oy
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Finally, we ask what the weighting term “a” must equal for the dynamics of the allele frequency to be independent from SP:

Solve[D[EqOrderlpM, Sp] =0, a]

{221

Recalling that the death rate is one over the longevity, this demonstrates that the allele frequency in haploids weighted by the average haploid
IRR
IR+IRR

where the allele frequency dynamics can be separated from the dynamics of the remaining variables to this order.

longevity (ﬁ) plus the allele frequency in diploids times the average diploid longevity ( ) allows for a separation of time scales

= Diffusion Approximation (Second Moment)

m The change in moments for pM

assumption = 0 < SUM && 0 < Wy && O < wgp && 0 < f; && fgr < 1;
assumption2 =0 <py & py <1 && 0 < py && py < 1;

Births then occur in proportion to ¢(GT)/totC.

WRM
Cr = WRr * Xpr + —— * XguMi}
2

WRM
cy = — % Xgy + Wiy * Xum

fr wgr2 * Xg2
CRrR= — * — i}
2 wWg * XR + Wy * Xy

fr+ £y  wWgr*wy * Xg * Xy
CrM = * i
2 WR * XR + Wy * Xy

fu Wy2 * X2
Cyy=—* —;
2 Wg * XR + Wy * Xy

Ctot = (Cr + Cy + Crr + Cru + Cmm) 7

~ Cr
Pr = H
Ctot
~ Cu
Pu = 7
Ctot
- CRR
Pgrr = 7
Ctot
~ CrM
Pru = i
Ctot
o Cum
Puu = i
Ctot

m The second moment

Here, we ignore the small fluctuations that occur in the ratio of haploids to diploids within the population. That is, we assume that the

haploid population is replaced by mutant M spores(produced by diploid) with probability By; = —4—, and the diploid population is replaced
CR+CM

by mutant RM zygotes (produced by haploids) with probability Pryp = ——~4—— . This assumes that both haploid and diploid populations

CRR*+CRM*+*CMM
are large and drift in their ratio can be ignored. Drift in allele frequencies can, however, still be substantial, especially when alleles are rare.
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~ Cum
Puu = H

CRr + Cy
~ CrM
Prup =

Crr + Cry + Cum

~ Cm
Pmmp = 7

CrR + CrM + Cum
mM = Pyy * SUM * By ;
VM = Byy * (1 - Byg) * SUM * By ;
MRM = Bpyp * SUM * Op 5
VRM = Bryp * (1 - Prup) * SUM % B ;
mMM = By, * SUM By ;
VMM = Byyp * (1 - Bywp) * SUM * By ;
COVRMMM = - Ppyp * Byup * SUM * Op 5
we have
E[ApH] =E[pH'] - E[pH]
E[ApH?| =E[pH'"2] - 2E[pH'] pH + pH" 2.

Transform variables
(Define: pM, dp, pH, FD)
(SUM=N in the manuscript)

set = {
SUM == Xg + Xy + Xgr + Xgu + Xmm s
XRM
1 Xy 1 , T X
Py= —*% ————— + — %k —————,
2 Xgp+Xy 2 Xgr+ Xgu + X
XRM
5 + Xmm Xy
69 == - ’
Xgrr + Xgry + Xum Xgr + Xy
XR + Xy
PH == ’
XR + Xy + Xgr + Xpm + X
1 XrM
Fp=1- *
XRM ¥ XRM , %yq Xgr + Xru + Xum
2% —2 4 |l1-—2
XRR+XRM+XMM XRR+XRM+XMM

}i

OldToNew: Transformation of old variables to new variabls
NewToOld: Transformation of new variables to old variabls

0ldToNew = Solve[set, {Xgr, Xy, Xrr, Xru, Xmq}] // Flatten
NewToOld = Solve[set, {SUM, py, Pu, S6p, Fp}] // Flatten

1 1
{xRe—5s0M<—2+2pM—5p> Ors Xu - SUM (2Dy - 5p) Ons
1
XRR+ZSUM(—2+2pm+5p) (2-2pu+2FppPu-6p+Fpdp) (-1 +p4),
1 2 2
Xpy > - — SUM (-1 +Fp) (-4pu+4Ph-208p+4pudp+65) (-1+0m),
2

1
X = - SUM (2pu+6p) (-2 Fp-2py+2Fppy-6p+ FpSp) (—l+pH)}

4 Xy Xum + 2 Xum Xr + 3 Xy Xry + Xg Xru + 2 Xy Xgr
{SUM%XMJrXMM*XR*XRMJrXRRI Pu — '
4 (Xy + Xr) (Xum + Xru + Xgrr)

Xy + Xg 2 Xy Xz — X Xe + Xr ey — 2 Xy Xrg “XZ, + 4 Xun Xag
PH = r ‘5p% r Fp- }
Xy + Xum + XR + XrM + XRR 2 (Xy + Xr) (Xmm + Xry + Xgr) (2 Xum + Xru) (Xry + 2 Xgr)
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mM
ExpectpHl = ——;
SUM * Oy
vM + mM?
ExpectpH2 = ——MM8M;
(suM«py)?
Xu
ExpectApHl = ExpectpHl - ——;
SUM * oy
Xu Xm 2
ExpectApH2 = ExpectpH2 - 2 * ExpectpH1 » + ;
SUM * Oy SUM * Py
we have
E[ApD] =E[pD'] - E[pD]
E[ApD?| =E[pD'"2] - 2E[pD'] pD + pD"2
IR+ mMM
ExpectpDl = 2—;
SUM * pp
VRM + mRM? COVRMMM + mRM % mMM VMM + mMM?
ExpectpD2 = + 2% + ;
(2 % sUM*py) 2 (2%SUM*Bp) « (SUM=Bp)  (SUM*pp)?
XrM + X
ExpectApDl = ExpectpDl - 2—;
SUM * By
M, Xpm M Xmm
ExpectApD2 = ExpectpD2 - 2 x ExpectpDl1 *» 2 + 2 ;
SUM * Py SUM * Py

Using these, we have ApM? = 2% (ApH2 + 2 APHAPD + ApD?)

This is the change in pM, but scaling pM by N scales the variance by N and taking limit of N -> Inf
We have Eq. (7b)

weakselection = {Wry > Wrr* (1 + € *Syrm) s Wim 2> Wrr * (1 + € ¥ Sypm) , Wy > Wr* (1 + € * Syuy) ,
fy->fr* (1L +€e*Sey) };
Moment2WsS =
ExpectApH2 + 2 x ExpectApH1 * ExpectApD1 + ExpectApD2

4

/. 01dToNew /. weakselection /. e€-»0/.
V Wrr
BRER Ve

2

Pr Py /8520 /. Fp>0/.pp>1-py/. Flatten[Solve[ﬁH , wR]] /7

Simplify;
v = Limit [SUM » Moment2WS, SUM -» Infinity];
Pu* (1 -pu) * (51-1 +2 *59)
Eq7b = — ;
8 % Py * Dp

Simplify[Eq7b - v /. Bp > 1 - By

Examples of the computer simulations of the figures.

Here we copied the results of computer simulations by Mathematica.
We simulated by Wolfram Mathematica 10 and figures are prepared by adobe illustrator.

= Fig.1(a)

Parameter values
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Clear([x]

Site = 100;
fR=0.5;
BR =1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELBM = 2 * Xx;
SELSMM = 0;
HETEROB =0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0.5;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROf3 * SEL3MM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRM = —
BRR
dRR - dRM
SELdRM = ————;
dRR

MinV = -0.02;
MaxV =0.31;

1 SELfM 1
Saverage = — * ( + SELAM + SELAM| + — * (SELSMM » HETEROS + SELAM * HETEROd)
2 2
0. +x
Out put

SampleMax = 10000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData=1;
countResult = 1;

Simulation

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change =1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.015];
If[change==2, x=-0.01];
If[change==3, x=0];
If[change==4, x=0.05];
If [change==5, x=0.1];
If[change =6, x=0.2];
If[change==7, x=0.3];
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sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqPH = H

’ —fR*BZR*dR + VBRR # dRR

xR = Round[Site * EqoH] ;

xM=0;

XRR = Site - xR;
XRM = 0;
xMM = 0;

xR 2 * XRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { }] ]

xR+2*xRR’ xR + 2 ¥ XRR
xR = xR - sampleMutation[[1]];

xM = xM + sampleMutation[[1]];

xXRR = XRR - sampleMutation[[2]];

XRM = XRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM== ,pM:—];
xR + xM
IR, xMM
If[xR+xM==0, pMm= —*——|;
XRR + XRM + xMM
XRM
dRR 5t xMM drR xM
If[xR+xM¢0&&xRR+xRM+xMM;EO,pM: * + * ];
dR + dRR xRR + XRM + xMM dR + dRR xR + xM

step = 2;
while[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * XR + dM % XM + dRR * XRR + dRM * xRM + dMM * xMM
dM » xM
pDeathM = i
dR * xR + dM * xM + dRR * XxRR + dRM * xRM + dMM * xMM
dRR * XRR
pDeathRR = ;
dR * xR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dRM * xRM
pDeathRM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + ARR * XRR + dRM % XRM + dMM % xMM _
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
%R = XR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = xRM - sampleDeath[[4]];
XMM = xMM - sampleDeath[[5]];

BRM
cR = BRR * XRR +

* XRM;

BRM

cM = MM % xMM + * XRM;

If[xR==0&& xM==0, cRR=0];
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4

fR BR? % xR?
If[xn;eo [] XM#0, CRR = —*—]
2 BR * XR + M * xM

If[xR==0&& xM==0, cRM=0];

fR+ fM  BR % M % XR * xM
If[xR#0||xM¢0,cRM= * ];
2 BR * xR + M % xM
If[xR==0&& xM==0, cMM = 0] ;
M BM2 % xM?
If|xR#0 || xM#O0, cMM:—*—];
2 BR * XR + M * xM
cR
pCellR = ;
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = 7
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cCRM + cMM
cMM
pCellMM =

CR + M + CRR + CRM + CMM
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
XRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+xMM== ;, PM = —];
XR + xM
%+xm4
If[xR+xM==0, pM= ————8M8M8M8|;
XRR + XxRM + xMM
XRM
dRR 5t drR xM

If[xR+xM¢0&&xRR+xRM+xMM¢O,pM: * + *
dR+dRR xRR + xRM+xMM dR +dRR xR + xM

step = step + 1;
E

VectpM[ [sample]] = pM;

OutputData[[countData, 1]] = x;
OutputData[[countData, 2]] = pM;
countData = countData + 1;

Resultparameter|[[change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[[countResult, 2]]
countResult = countResult + 1;

X7
Total [VectpM] ;

Print [change]

[E—
~e

]

4



1

2
3
4
5
6
7

Output of the data

Plot

Resultparameter
Result
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Export["/Users/Bessho/Desktop/workstation/OutputDataFigla.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFigla.txt", OutputResult, "Table"];

{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}
{20., 44., 71., 455., 827., 1534., 2124.}

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotpM[ [change, 1]] = Resultparameter[[change]];

Result [ [change]]
PlotpM|[ [change, 2]] 7

SampleMax
PlotpMlog[ [change, 1]] = Resultparameter|[[change]];
Result [ [change]] ]
i

PlotpMlog|[ [change, 2]] = Log [10,

E

SampleMax

gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},

PlotStyle » {Thickness[0.005], Black}]

gLogNumerical = ListPlot[PlotpMlog, PlotRange -» {{MinV, MaxV}, {-4, 0}},

PlotStyle » {Thickness[0.005], Black}]
PlotpM

0.30 r

0.10F
00s5F .

P I S S S I S
0.05 0.10 0.15 0.20 025 0.30

T S S T B S S T S AR B
0.05 0.10 0.15 0.20 0.25 0.30

4L

{{-0.015, 0.002}, {-0.01, 0.0044}, {0, 0.0071},

{0.05, 0.0455}, {0.1, 0.0827}, {0.2, 0.1534}, {0.3, 0.2124}}

Wilson score interval (95% Confidence interval)
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i—u

Because the probability variable (where, estimated fixation probability 7z = = and the fixation probability u) approximately depends
n

\/ u(l-u)/n
on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
z2=1.96;
n R 1 2 1 R 1 2 . Result
z= u + *2° -2z % —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Result
Z = u+ *2° + 2% —*u*(l—u)+ *Z /.n- SampleMax /. u» ———
n + z2 2%n n 4 % n? SampleMax

{0.0012951, 0.00327942, 0.00563309, 0.041587, 0.0774605, 0.14647, 0.204495}
{0.00308737, 0.00590121, 0.00894547, 0.0497621, 0.08826, 0.160596, 0.220526}

PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}1;

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}1];

For[change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper|[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[10, z[[change]]];

PlotCIupper[[change, 2]] =Log[10, Z[[change]]];
1;
gCIupperDot = ListPlot [PlotCIupper, PlotRange -» {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot [PlotCIunder, PlotRange -» { {MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

‘ ‘0.‘05‘ = ‘0.‘10‘ - ‘0.‘15‘ = ‘().‘2()‘ - ‘O."ZS‘ - ‘O.‘BO‘
N °
ik .
'

oy
ol
e
Log[10, Z]
N[Log[10, PlotpM[[All, 2]]]]
Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunder = ListPlot[PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.51041, -2.22906, -2.0484, -1.3031, -1.05424, -0.794264, -0.65654}
{-2.69897, -2.35655, -2.14874, -1.34199, -1.08249, -0.814175, -0.672845}
{-2.8877, -2.4842, -2.24925, -1.38104, -1.11092, -0.834252, -0.689318}

0.05 0.10 0.15 0.20 0.25 0.30




PlotCIl = Table[O0, {i, 2}, {j, 2}];
PlotCI2 = Table[0, {i, 2}, {j, 2}1;
PlotCI3 = Table[O, {i, 2}, {j, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}];
PlotCI5 = Table[0, {i, 2}, {j, 2}];
PlotCI6 = Table[0, {i, 2}, {j, 2}];
PlotCI7 = Table[O0, {i, 2}, {j, 2}];

For [change = 1, change
PlotCI1[[1,
PlotCI1[[1,
PlotCI1[[2,
PlotCI1[[2,
PlotCI2[[1,
PlotCI2[[1,
PlotCI2[[2,
PlotCI2[[2,
PlotCI3[[1,
PlotCI3[[1,
PlotCI3[[2,
PlotCI3[[2,
PlotCI4[[1,
PlotCI4[[1,
PlotCI4[[2,
PlotCI4[[2,
PlotCI5[[1,
PlotCI5[[1,
PlotCI5[[2,
PlotCI5[[2,
PlotCI6[[1,
PlotCI6[[1,
PlotCI6[[2,
PlotCI6[[2,
PlotCI7[[1,
PlotCI7[[1,
PlotCI7[[2,
PlotCI7[[2,

1;

gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange -» {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-5, -0.

PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-5, -0
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot[PlotCI6, PlotRange -» {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-5, -0
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]

1]] = Resultparameter[[1]];
2]] =Log[10, z[[1]]];
1]] = Resultparameter[[1]];
2]] =Log[10, Z[[1]]];
1]] = Resultparameter[[2]];
2]] =Log[10, 2[[2]]];
1]] = Resultparameter[[2]];
2]] =Log[1l0, Z[[2]]1];
1]] = Resultparameter[[3]];
2]] =Log[10, z[[3]11];
1]] = Resultparameter[[3]];
2]] =Log[10, Z[[3]]];
1]] = Resultparameter[[4]];
2]] =Log[10, z[[4]1]1];
1]] = Resultparameter[[4]];
2]] =Log[10, Z[[4]]];
1]] = Resultparameter[[5]];
2]] =Log[10, 2[[5]]1];
1]] = Resultparameter[[5]];
2]] =Log[1l0, Z[[5]1];
1]] = Resultparameter[[6]];
2]] =Log[1l0, z[[6]1];
1]] = Resultparameter[[6]];
2]] =Log[10, Z[[6]]];
1]] = Resultparameter[[7]];
2]] =Log[10, 2[[7]1]1];
1]] = Resultparameter[[7]];
2]] =Log[10, Z[[7]]];

< ChangeMax + 1, change = change + 1,

51},

511},

5}},

51},

-5}},

5}},

-5}},
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Analytical result (Branching process approximation)

Clear([y]

fR=0.5;
AR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELSM =2 *xy;
SELBMM = 0;
HETEROS3 = 0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELSM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELSRM = —M8M;
BRR
dRR - dRM
SELARM = —M;
dRR
1 SELfM 1
Saverage = — * ( + SELM + SELdAM| + — * (SEL3MM x* HETEROf3 + SELAM » HETEROd)
2 2
V BRR * dRR
EqpH =

;
—“‘*’32“*‘“‘ + V/BRR % dRR

fRx3RxdR
2

Equ = H
—fR*Bz“*"R + W BRR % dRR
AR
FaiR= —;
dr
M
FaiM = H
dMm
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ——;
2
R

f
FaiR2 = — x FaiR;
2

avef
FaiM2 =

* FaiM;
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FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

FaiM2 % FaiRM + % * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 * FaiRR

BPPaiD = ;
FaiM2 x FaiRM + 2 * FaiM2 * W FaiR2 % FaiRR
EqpH 2 x EqoD
BPfix = ——— ¥ BPPaiH + ———— % BPPaibD;
EqpPH + 2 * EqQoD EqpH + 2 * EqoD

gBPfix = Plot [BPfix, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = Plot[Log[10, BPfix], {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

0. +y

030
0.25}
0.20:—
0.15:—
0.10f

00sF

0.05 0.10 0.15 0.20 0.25 0.30

T S S S S S T S SR
0.05 0.10 0.15 020 025 0.30

4L

Analytical result (Diffusion approximation)
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. . V BRR % dRR
Parameters = {SUM - Site, dgr » dR, dgr » dRR, py > ’
’ —f“*”:*d“ + VBRR « dRR
fRx3RxdR
2
Pp = , sfM - SELfM, sM - SELAM, sSRM -» SELBSRM, sBMM - SELBMM,

’ fR«BRxdR | A/BRR % dRR
2

sdM -» SELdAM, sdRM -» SELdRM, sdMM -» SELdMM }
Additive = sBMM - 2 * SBRM + sdMM - 2 x* sdRM;

2
dhar:monic = i;
dr  drr
a=dR*ﬁH+dRR*(l—ﬁH);
_  dp + dgr
d = —————————;
2
2 * Saverage + P * Additive
m= Slﬂd*Ap * (1 - P) * ;
2
&R .5 %R , 5
P*(l—P)*(a*pH+2* = *pD)
v = = — ;
4 % Py * Dp

m
Q= Integrate[— /. Parameters, p] ;
v

INI = /. Parameters;
SUM * (By + 2 * Bp)

Integrate[Exp[-2*Q], {p, O, INI}]
DFfixWS = 7

Integrate[Exp[-2*0Q], {p, 0, 1}]
gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» { {MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]
gLogDFfixWS = Plot [Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

{suM - 100, dg - 0.005, dgg > 0.005, Py > 0.666667, P, > 0.333333,
sfM >0, sfM—> 2y, SBRM > 0., sBMM > 0, sdM— 0, SdRM > 0., sdMM - 0}

030
().25:
().2():
().]5:
().]():

005

- N P P ,
0.05 0.10 0.15 0.20 0.25 0.30
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Analytical result (Lineary approximation)

FixLinear =

gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},

gLogFixLinear = Plot[Log[10, FixLinear] /. Parameters, {y, MinV, MaxV},

0.30

0.20

0.15

0.10

0.05

8 % Py * Pp

(ﬁH+2*ﬁD)*(%&*ﬁH+2*
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PlotRange -» { {MinV, MaxV}, {0, 0.3}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

PlotRange -» { {MinV, MaxV}, {-4, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

[

0.05 0.10 0.15 0.20 0.25 0.30

L L L . |

005 0.10 0.15 0.20 025 030
- ——"‘_—
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Show [gDFfixWS, gBPfix, gFixLinear, gNumerical]
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]
030

0.25

0.20

0.15

0.10

0.05

0.05 0.10 0.15 0.20 025 0.30

I I
0.05 0.10 0.15 0.20 025 030

Figure for output

axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},

{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},

{-2, "0.01"}, {Log[l0, 0.05], "0.05"}, {-1, "0.1"}, {Log[1l0, 0.5], "0.5"}, {0, "1"}};
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCI4, gCi5, gCi6, gCI7, gCIunder, gCIupper, PlotRange -» {{-0.05, MaxV}, {-4, 0}},
AxesOrigin - {0, -4}, Ticks -» {Automatic, axeslabels}]

/BRR * dRR

/ —“‘*’52“*"“ + V BRR % dRR

0.5

0.0005

L
-0.05

L
0.05 0.10 0.15 0.20 0.25 0.30

0.666667
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Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCIi5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin-» {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio—» 0.5]

05F

0.1
0.05

001
0.005

0.001
0.0005

O.(:)O 0.05 (1.‘](1 0.15 0.20 0.25 0.30
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCi5, gCi6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin - {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

-

0.5

0.001
0.0005

I T S B R S S T T S S T AT SR S )
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Fig.1(b)

Parameter values
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Clear([x]

Site = 100;
fR=0.5;
BR =1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELSM =0;
SELSMM = 4 % X;
HETEROB =0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0.5;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROf3 * SEL3MM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRM = —
BRR
dRR - dRM
SELdRM = ————;
dRR

MinV = -0.02;
MaxV =0.31;

1 SELfM 1
Saverage = — * ( + SELAM + SELAM| + — * (SELSMM » HETEROS + SELAM * HETEROd)
2 2
1
— (0. +2.x)
2
Out put

SampleMax = 10000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulation

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change =1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.015];
If[change==2, x=-0.01];
If[change==3, x=0];
If[change==4, x=0.05];
If [change==5, x=0.1];
If[change =6, x=0.2];
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If[change==7, x=0.3];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqpH = ;

’ —f“*’i“*"“ + VBRR # dRR

xR = Round [Site x EqpH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
XxMM = 0;

) . . . . . . xR 2 x* XRR
sampleMutation = RandomVariate [Mult:.nom:.alDJ.strJ.butJ.on [1 ’ { ’ }] ]
XR + 2% xRR  XR + 2 » XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM==0,pM=—];
XR + xM
R, xMM
If[xR+xM== ,pM:z—;
XRR + XRM + xMM
XRM
dRR 5 rxMM drR XM
If[xR+xM#O&&xRR+xRM+xMM#O,pM= * + * ];
dR + dRR xXRR + XRM + xMM dR + dRR xR + XM

step = 2;
While[O <pM&&pM< 1,

dR * xR
pDeathR = 7
dR * XR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dM * xM
pDeathM = ;
dR * XR + dM * XM + ARR * XRR + dRM * XxRM + dMM * xMM
dRR * XxRR
pDeathRR = i
dR * XR + dM % XM + dRR * XRR + dRM * xRM + dMM * xMM
dRM % XRM
pDeathRM = 7
dR * xR + dM * xM + dRR * XxRR + dRM * xRM + dMM * xMM
dMM * xMM
pDeathMM =

dR * XR + dM % XM + dRR % XRR + dRM * XRM + dMM % XMM
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
xR = xR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = xRR - sampleDeath[[3]];
XRM = XRM - sampleDeath[[4]];
XMM = XMM - sampleDeath[[5]];

cR = BRR * XRR + * XRM;

BRM

cM = SMM % xMM + * XRM;

If[xR=20&& xM==0, cRR=0];
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4

fR BR? % xR?
If[xn;eo [] XM#0, CRR = —*—]
2 BR * XR + M * xM

If[xR==0&& xM==0, cRM=0];

fR+ fM  BR % M % XR * xM
If[xR#0||xM¢0,cRM= * ];
2 BR * xR + M % xM
If[xR==0&& xM==0, cMM = 0] ;
M BM2 % xM?
If|xR#0 || xM#O0, cMM:—*—];
2 BR * XR + M * xM
cR
pCellR = ;
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = 7
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cCRM + cMM
cMM
pCellMM =

CR + M + CRR + CRM + CMM
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
XRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+xMM== ;, PM = —];
XR + xM
%+xm4
If[xR+xM==0, pM= ————8M8M8M8|;
XRR + XxRM + xMM
XRM
dRR 5t drR xM

If[xR+xM¢0&&xRR+xRM+xMM¢O,pM: * + *
dR+dRR xRR + xRM+xMM dR +dRR xR + xM

step = step + 1;
E

VectpM[ [sample]] = pM;

OutputData[[countData, 1]] = x;
OutputData[[countData, 2]] = pM;
countData = countData + 1;

Resultparameter|[[change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[[countResult, 2]]
countResult = countResult + 1;

X7
Total [VectpM] ;

Print [change]

[E—
~e

]

4



1

2
3
4
5
6
7

Output of the data

Plot

Resultparameter

Result
Export["/Users/Bessho/Desktop/workstation/OutputDataFiglb.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFiglb.txt", OutputResult, "Table"];

{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}
{21., 31., 72., 466., 845., 1501., 1962.}

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

E
gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Black}]
gLogNumerical = ListPlot[PlotpMlog, PlotRange -» {{MinV, MaxV}, {-5, 0}},

PlotStyle » {Thickness[0.005], Black}]

PlotpM|[ [change, 1]]

PlotpM|[ [change, 2]]

= Resultparameter|[ [change]];
Result [ [change]]
7

SampleMax
PlotpMlog[ [change, 1]] = Resultparameter|[[change]];
Result [ [change]]

PlotpMlog|[ [change, 2]] =Log[10,

PlotpM

0.30 r

0.05

0.10F

0.05

0.10

0.15

0.20

025

0.30

{{-0.015, 0.0021}, {-0.01, 0.0031}, {0, 0.0072},
{0.05, 0.0466}, {0.1, 0.0845}, {0.2, 0.1501}, {0.3, 0.1962}}

L
0.05

Ll
0.10

Ll
0.15

L
0.20

L
0.25

Wilson score interval (95% Confidence interval)

Ly
0.30
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i—u

Because the probability variable (where, estimated fixation probability 7z = = and the fixation probability u) approximately depends
n

\/ u(l-u)/n
on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
z2=1.96;
n R 1 2 1 R 1 2 . Result
z= u + *2° -2z % —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Result
Z = u+ *2° + 2% —*u*(l—u)+ *Z /.n- SampleMax /. u» ———
n + z2 2%n n 4 % n? SampleMax

{0.00137398, 0.00218485, 0.00572167, 0.0426399, 0.0792068, 0.143234, 0.188534}
{0.00320842, 0.00439678, 0.00905681, 0.0509083, 0.0901123, 0.157235, 0.2041}

PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}1;

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}1];

For[change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper|[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[10, z[[change]]];

PlotCIupper[[change, 2]] =Log[10, Z[[change]]];
1;
gCIupperDot = ListPlot[PlotCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot [PlotCIunder, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

‘ ‘0.‘05‘ = ‘0.‘10‘ - ‘0.‘15‘ = ‘().‘2()‘ - ‘O."ZS‘ - ‘O.‘BO‘
-1+ . e ¢
f 0
A
s
_47
-5
Log[10, Z]
N[Log[10, PlotpM[[All, 2]]]]
Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunder = ListPlot[PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.49371, -2.35687, -2.04302, -1.29321, -1.04522, -0.803451, -0.690158}
{-2.67778, -2.50864, -2.14267, -1.33161, -1.07314, -0.823619, -0.707301}
{-2.86202, -2.66058, -2.24248, -1.37018, -1.10124, -0.843954, -0.724611}

0.05 0.10 0.15 0.20 0.25 0.30




PlotCI1l = Table[O, {i, 2}, {j, 2}]1;
PlotCI2 = Table[O, {i, 2}, {j, 2}];
PlotCI3 = Table[O0, {i, 2}, {J, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}1;
PlotCI5 = Table[O0, {i, 2}, {j, 2}1;
PlotCI6 = Table[O, {i, 2}, {j, 2}1;
PlotCI7 = Table[O, {i, 2}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCI1[[1, 1]] = Resultparameter[[1l]];
PlotCI1[[1, 2]] =Log[10, z[[1]]];
PlotCI1[[2, 1]] = Resultparameter[[1l]];
PlotCI1[[2, 2]] =Log[1l0, Z[[1]]];
PlotCI2[[1, 1]] = Resultparameter|[[2]];
PlotCI2[[1, 2]] =Log[10, z[[2]]];
PlotCI2[[2, 1]] = Resultparameter[[2]];
PlotCI2[[2, 2]] =Log[10, Z[[2]]];
PlotCI3[[1, 1]] = Resultparameter[[3]];
PlotCI3[[1, 2]] =Log[10, 2[[3]]1];
PlotCI3[[2, 1]] = Resultparameter[[3]];
PlotCI3[[2, 2]] =Log[10, Z[[3]]1];
PlotCI4[[1, 1]] = Resultparameter[[4]];
PlotCI4[[1, 2]] =Log[10, z[[4]]1];
PlotCI4[[2, 1]] = Resultparameter[[4]];
PlotCI4[[2, 2]] =Log[1l0, Z[[4]]1];
PlotCI5[[1, 1]] = Resultparameter[[5]];
PlotCI5[[1, 2]] =Log[10, z[[5]]];
PlotCI5[[2, 1]] = Resultparameter[[5]];
PlotCI5[[2, 2]] =Log[10, Z[[5]]1];
PlotCI6[[1, 1]] = Resultparameter[[6]];
PlotCI6[[1, 2]] =Log[10, z[[6]]];
PlotCI6[[2, 1]] = Resultparameter[[6]];
PlotCI6[[2, 2]] =Log[1l0, Z[[6]]];
PlotCI7[[1, 1]] = Resultparameter[[7]];
PlotCI7[[1, 2]] =Log[10, z[[7]]1];
PlotCI7[[2, 1]] = Resultparameter[[7]];
PlotCI7[[2, 2]] =Log[1l0, Z[[7]]1];
1:
gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot [PlotCI6, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];

Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]
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Analytical result (Branching process approximation)

Clear([y]

fR=0.5;
AR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELAM = 0;
SELSMM = 4 xy;
HETEROS3 = 0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELSM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELSRM = —M8M;
BRR
dRR - dRM
SELARM = —M;
dRR
1 SELfM 1
Saverage = — * ( + SELM + SELdAM| + — * (SEL3MM x* HETEROf3 + SELAM » HETEROd)
2 2
V BRR * dRR
EqpH =

;
—“‘*’32“*‘“‘ + V/BRR % dRR

fRx3RxdR
2

Equ = H
—fR*Bz“*"R + W BRR % dRR
AR
FaiR= —;
dr
M
FaiM = H
dMm
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ——;
2
R

f
FaiR2 = — x FaiR;
2

avef
FaiM2 =

* FaiM;
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FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

FaiM2 % FaiRM + % * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 * FaiRR

BPPaiD = ;
FaiM2 x FaiRM + 2 * FaiM2 * W FaiR2 % FaiRR
EqpH 2 x EqoD
BPfix = ——— ¥ BPPaiH + ———— % BPPaibD;
EqpPH + 2 * EqQoD EqpH + 2 * EqoD

gBPfix = Plot [BPfix, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = Plot[Log[10, BPfix], {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

l.y

030
0.25}
0.20:—
0.15:—
0.10f

00sF

0.05 0.10 0.15 0.20 0.25 0.30

T S S S S S T S SR
0.05 0.10 0.15 020 025 0.30

_sL

Analytical result (Diffusion approximation)
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. . V BRR % dRR
Parameters = {SUM - Site, dgr » dR, dgr » dRR, py > ’
’ —f“*”:*d“ + VBRR « dRR
fRx3RxdR
2
Pp = , sfM - SELfM, sM - SELAM, sSRM -» SELBSRM, sBMM - SELBMM,

’ fR«BRxdR | A/BRR % dRR
2

sdM -» SELdAM, sdRM -» SELdRM, sdMM -» SELdMM }
Additive = sBMM - 2 * SBRM + sdMM - 2 x* sdRM;

2
dhar:monic = i;
dr  drr
a=dR*ﬁH+dRR*(l—ﬁH);
_  dp + dgr
d:—;
2
2 * Saverage + P * Additive
m=SUM*p*(1_P)* ;
2
&R .5 %R , 5
P*(l—P)*(a*pH+2* = *pD)
v = = — ;
4 % Py * Dp

m
Q= Integrate[— /. Parameters, p] ;
v

INI = /. Parameters;
SUM * (By + 2 * Bp)

Integrate[Exp[-2*Q], {p, O, INI}]

DFfixWS =
Integrate[Exp[-2*0Q], {p, 0, 1}]

gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» { {MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

gLogDFfixWS = Plot [Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

{SUM% 100, dg > 0.005, dgg > 0.005, py > 0.666667, pp—> 0.333333, sfM-> 0,

21000 + 1000 (1 + 2. y)
SBM - 0, SBRM - , SEMM > 4y, deeO,stM»O.,deM»O}

1000

0301
025
020f

0.15f

00|

0.05 0.10 0.15 020 025 030
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Analytical result (Lineary approximation)

FixLinear =

gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},

gLogFixLinear = Plot[Log[10, FixLinear] /. Parameters, {y, MinV, MaxV},

0.30

0.20

0.15

0.10

0.05

8 % Py * Pp

(ﬁH+2*ﬁD)*(%&*ﬁH+2*
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PlotRange -» { {MinV, MaxV}, {0, 0.3}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]




60 | SupplementaryFile.nb

Show [gDFfixWS, gBPfix, gFixLinear, gNumerical]
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]

030 L
s
-
.
/

r 7’
025+ e

L ,,/

/,,

I 7’
020 4

r R .

L
/,’

0.15F 5

r /

.
,I
.

F Z
0.10 Z

B &
005

L 0.05 0.10 0.15 0.20 025 0.30

. . . . .
005 0.10 0.15 0.20 025 0.30

sk

Figure for output

axeslabels = {{-3, "0.001"}, {Log[10, 0.005], "0.005"}, {-2, "0.01"},
{Log[1l0, 0.05], "0.05"}, {-1, "0.1"}, {Log[10, 0.5], "0.5"}, {0, "1"}};
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper, PlotRange » {{-0.05, MaxV}, {-4, 0}},
AxesOrigin - {0, -4}, Ticks -» {Automatic, axeslabels}]

/BRR * dRR

’ —fR*BZR*"R + VBRR # dRR

0.5

0.001 -

-0.05 0.05 0.10 0.15 0.20 025 0.30

0.666667




Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCIi5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin-» {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio—» 0.5]

1-
05r

0.1
0.05

001
0.005

0.001

0, .i]() O.(")S ().‘] 0 ().‘I 5 O.‘ZO 0, .‘25 ().13()

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCIi5, gCi6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin - {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

-
05k

0.1
0.05

001
0.005

0.001

‘0.00 0.05 0.10 0.15 0.20 ‘0.25 0.‘30

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCIi5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin-» {-0.02, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

I
05

0.1
0.05

001
0.005

0.001

000 0.05 0.10 0.15 0.20 0.25 0.30

Fig.1(c)

Parameter values
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Clear([x]

Site = 100;
fR=0.5;
BR =1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELSM =0;
SELSMM = 2 % X;
HETEROB =1.0;
SELAM = 0;
SELAMM = 0;
HETEROd = 0.5;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROf3 * SEL3MM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRM = —
BRR
dRR - dRM
SELdRM = ————;
dRR

MinV = -0.02;
MaxV =0.31;

1 SELfM 1
Saverage = — * ( + SELAM + SELAM| + — * (SELSMM » HETEROS + SELAM * HETEROd)
2 2
1
— (0. +2.x)
2
Out put

SampleMax = 10000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulation

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change =1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.015];
If[change==2, x=-0.01];
If[change==3, x=0];
If[change==4, x=0.05];
If [change==5, x=0.1];
If[change =6, x=0.2];
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If[change==7, x=0.3];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqpH = ;

’ —f“*’i“*"“ + VBRR # dRR

xR = Round [Site x EqpH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
XxMM = 0;

) . . . . . . xR 2 x* XRR
sampleMutation = RandomVariate [Mult:.nom:.alDJ.strJ.butJ.on [1 ’ { ’ }] ]
XR + 2% xRR  XR + 2 » XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM==0,pM=—];
XR + xM
R, xMM
If[xR+xM== ,pM:z—;
XRR + XRM + xMM
XRM
dRR 5 rxMM drR XM
If[xR+xM#O&&xRR+xRM+xMM#O,pM= * + * ];
dR + dRR xXRR + XRM + xMM dR + dRR xR + XM

step = 2;
While[O <pM&&pM< 1,

dR * xR
pDeathR = 7
dR * XR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dM * xM
pDeathM = ;
dR * XR + dM * XM + ARR * XRR + dRM * XxRM + dMM * xMM
dRR * XxRR
pDeathRR = i
dR * XR + dM % XM + dRR * XRR + dRM * xRM + dMM * xMM
dRM % XRM
pDeathRM = 7
dR * xR + dM * xM + dRR * XxRR + dRM * xRM + dMM * xMM
dMM * xMM
pDeathMM =

dR * XR + dM % XM + dRR % XRR + dRM * XRM + dMM % XMM
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
xR = xR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = xRR - sampleDeath[[3]];
XRM = XRM - sampleDeath[[4]];
XMM = XMM - sampleDeath[[5]];

cR = BRR * XRR + * XRM;

BRM

cM = SMM % xMM + * XRM;

If[xR=20&& xM==0, cRR=0];
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4

fR BR? % xR?
If[xn;eo [] XM#0, CRR = —*—]
2 BR * XR + M * xM

If[xR==0&& xM==0, cRM=0];

fR+ fM  BR % M % XR * xM
If[xR#0||xM¢0,cRM= * ];
2 BR * xR + M % xM
If[xR==0&& xM==0, cMM = 0] ;
M BM2 % xM?
If|xR#0 || xM#O0, cMM:—*—];
2 BR * XR + M * xM
cR
pCellR = ;
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = 7
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cCRM + cMM
cMM
pCellMM =

CR + M + CRR + CRM + CMM
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
XRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+xMM== ;, PM = —];
XR + xM
%+xm4
If[xR+xM==0, pM= ————8M8M8M8|;
XRR + XxRM + xMM
XRM
dRR 5t drR xM

If[xR+xM¢0&&xRR+xRM+xMM¢O,pM: * + *
dR+dRR xRR + xRM+xMM dR +dRR xR + xM

step = step + 1;
E

VectpM[ [sample]] = pM;

OutputData[[countData, 1]] = x;
OutputData[[countData, 2]] = pM;
countData = countData + 1;

Resultparameter|[[change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[[countResult, 2]]
countResult = countResult + 1;

X7
Total [VectpM] ;

Print [change]

[E—
~e

]

4



1

2
3
4
5
6
7

Output of the data

Plot

Resultparameter
Result

SupplementaryFile.nb | 65

Export["/Users/Bessho/Desktop/workstation/OutputDataFiglc.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFiglc.txt", OutputResult, "Table"];

{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}
{41., 50., 83., 365., 788., 1501., 1940.}

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotpM[ [change, 1]] = Resultparameter[[change]];

Result [ [change]]
PlotpM|[ [change, 2]] 7

SampleMax
PlotpMlog[ [change, 1]] = Resultparameter|[[change]];
Result [ [change]] ]
i

PlotpMlog|[ [change, 2]] = Log [10,

E

SampleMax

gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},

PlotStyle » {Thickness[0.005], Black}]

gLogNumerical = ListPlot [PlotpMlog, PlotRange -» {{MinV, MaxV}, {-3.5, 0}},

PlotStyle » {Thickness[0.005], Black}]
PlotpM

0.30 r

0.10F

00sf

o
(1] S T T ST ST I TS AN S S N B
005 0.10 0.15 020 025 030

T S S S S S AR B
0.05 0.10 0.15 0.20 0.25 0.30

=208

350

{{-0.015, 0.0041}, {-0.01, 0.005}, {0, 0.0083},

{0.05, 0.0365}, {0.1, 0.0788}, {0.2, 0.1501}, {0.3, 0.194}}

Wilson score interval (95% Confidence interval)
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i—u

Because the probability variable (where, estimated fixation probability 7z = = and the fixation probability u) approximately depends
n

\/ u(l-u)/n
on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
z2=1.96;
n R 1 2 1 R 1 2 . Result
z= u + *2° -2z % —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Result
Z = u+ *2° + 2% —*u*(l—u)+ *Z /.n- SampleMax /. u» ———
n + z2 2%n n 4 % n? SampleMax

{0.00302384, 0.00379488, 0.00670094, 0.0329988, 0.0736795, 0.143234, 0.186368}
{0.00555703, 0.00658529, 0.0102767, 0.0403572, 0.084244, 0.157235, 0.201867}

PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}1;

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}1];

For[change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper|[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[10, z[[change]]];

PlotCIupper[[change, 2]] =Log[10, Z[[change]]];
1;
gCIupperDot = ListPlot[PlotCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot [PlotCIunder, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

T S S B S S T S AR B
0.05 0.10 0.15 0.20 025 0.30

-0.5
‘ L]
-10 s
_1s §
=20
=30
=35
Log[10, Z]
N[Log[10, PlotpM[[All, 2]]]]
Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunder = ListPlot[PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.25516, -2.18143, -1.98815, -1.39408, -1.07446, -0.803451, -0.694934}
{-2.38722, -2.30103, -2.08092, -1.43771, -1.10347, -0.823619, -0.712198}
{-2.51944, -2.4208, -2.17386, -1.4815, -1.13265, -0.843954, -0.729629}

0.05 0.10 0.15 0.20 0.25 0.30

-30F




PlotCI1l = Table[O, {i, 2}, {j, 2}]1;
PlotCI2 = Table[O, {i, 2}, {j, 2}];
PlotCI3 = Table[O0, {i, 2}, {J, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}1;
PlotCI5 = Table[O0, {i, 2}, {j, 2}1;
PlotCI6 = Table[O, {i, 2}, {j, 2}1;
PlotCI7 = Table[O, {i, 2}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCI1[[1, 1]] = Resultparameter[[1l]];
PlotCI1[[1, 2]] =Log[10, z[[1]]];
PlotCI1[[2, 1]] = Resultparameter[[1l]];
PlotCI1[[2, 2]] =Log[1l0, Z[[1]]];
PlotCI2[[1, 1]] = Resultparameter|[[2]];
PlotCI2[[1, 2]] =Log[10, z[[2]]];
PlotCI2[[2, 1]] = Resultparameter[[2]];
PlotCI2[[2, 2]] =Log[10, Z[[2]]];
PlotCI3[[1, 1]] = Resultparameter[[3]];
PlotCI3[[1, 2]] =Log[10, 2[[3]]1];
PlotCI3[[2, 1]] = Resultparameter[[3]];
PlotCI3[[2, 2]] =Log[10, Z[[3]]1];
PlotCI4[[1, 1]] = Resultparameter[[4]];
PlotCI4[[1, 2]] =Log[10, z[[4]]1];
PlotCI4[[2, 1]] = Resultparameter[[4]];
PlotCI4[[2, 2]] =Log[1l0, Z[[4]]1];
PlotCI5[[1, 1]] = Resultparameter[[5]];
PlotCI5[[1, 2]] =Log[10, z[[5]]];
PlotCI5[[2, 1]] = Resultparameter[[5]];
PlotCI5[[2, 2]] =Log[10, Z[[5]]1];
PlotCI6[[1, 1]] = Resultparameter[[6]];
PlotCI6[[1, 2]] =Log[10, z[[6]]];
PlotCI6[[2, 1]] = Resultparameter[[6]];
PlotCI6[[2, 2]] =Log[1l0, Z[[6]]];
PlotCI7[[1, 1]] = Resultparameter[[7]];
PlotCI7[[1, 2]] =Log[10, z[[7]]1];
PlotCI7[[2, 1]] = Resultparameter[[7]];
PlotCI7[[2, 2]] =Log[1l0, Z[[7]]1];
1:
gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot [PlotCI6, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];

Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]

0.05 0.10 0.15 0.20 025 0.30

-35C
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Analytical result (Branching process approximation)

Clear([y]

fR=0.5;
AR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELAM = 0;
SELSMM = 2 x y;
HETEROB =1.0;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELSM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - BRR
SELSRM = —M8M;
BRR
dRR - dRM
SELARM = —M;
dRR
1 SELfM 1
Saverage = — * ( + SELM + SELdAM| + — * (SEL3MM x* HETEROf3 + SELAM » HETEROd)
2 2
V BRR * dRR
EqpH = ;

—“‘*’32“*‘“‘ + V/BRR % dRR

fRx3RxdR
2

—fR*Bz“*"R + VBRR # dRR

BR
FaiR= —;
dR
AM
FaiM = H
dM
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ——;
2

fR
FaiR2 = — x FaiR;
2

avef

FaiM2 = * FaiM;
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FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

FaiM2 % FaiRM + % * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 * FaiRR

BPPaiD = ;
FaiM2 x FaiRM + 2 * FaiM2 * W FaiR2 % FaiRR
EqpH 2 x EqoD
BPfix = ——— ¥ BPPaiH + ———— % BPPaibD;
EqpPH + 2 * EqQoD EqpH + 2 * EqoD

gBPfix = Plot [BPfix, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = Plot[Log[10, BPfix], {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

l.y

030
0.25}
0.20:—
0.15:—
0.10f

00sF

0.05 0.10 0.15 0.20 0.25 0.30

T S S S S S T S SR
0.05 0.10 0.15 020 025 0.30

_sL

Analytical result (Diffusion approximation)
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. . V BRR % dRR
Parameters = {SUM - Site, dgr » dR, dgr » dRR, py > ’
’ —f“*”:*d“ + VBRR « dRR
fRx3RxdR
2
Pp = , sfM - SELfM, sM - SELAM, sSRM -» SELBSRM, sBMM - SELBMM,

’ fR«BRxdR | A/BRR % dRR
2

sdM -» SELdAM, sdRM -» SELdRM, sdMM -» SELdMM }
Additive = sBMM - 2 * SBRM + sdMM - 2 x* sdRM;

2
dhar:monic = i;
dr  drr
a=dR*ﬁH+dRR*(l—ﬁH);
_  dp + dgr
d:—;
2
2 * Saverage + P * Additive
m=SUM*p*(1_P)* ;
2
&R .5 %R , 5
P*(l—P)*(a*pH+2* = *pD)
v = = — ;
4 % Py * Dp

m
Q= Integrate[— /. Parameters, p] ;
v

INI = /. Parameters;
SUM * (By + 2 * Bp)

Integrate[Exp[-2*Q], {p, O, INI}]

DFfixWS =
Integrate[Exp[-2*0Q], {p, 0, 1}]

gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» { {MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

gLogDFfixWS = Plot [Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

{SUM% 100, dg > 0.005, dgg > 0.005, py > 0.666667, pp—> 0.333333, sfM-> 0,

21000 + 1000 (1 + 2. y)
SBM - 0, SBRM - , SEMM 2y, deeO,stM»O.,deM»O}

1000

0301
025
020f

0.15f

00|

0.05 0.10 0.15 020 025 030
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Analytical result (Lineary approximation)

FixLinear =

gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},

gLogFixLinear = Plot[Log[10, FixLinear] /. Parameters, {y, MinV, MaxV},

0.30

0.20

0.15

0.10

0.05

8 % Py * Pp

(ﬁH+2*ﬁD)*(%&*ﬁH+2*
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PlotRange -» { {MinV, MaxV}, {0, 0.3}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]
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Show [gDFfixWS, gBPfix, gFixLinear, gNumerical]
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]
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O
>

L 7
005 Z
Y . . . .
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0.05 0.10 0.15 0.20 0.25 0.30

sk

Figure for output

axeslabels = {{-3, "0.001"}, {Log[10, 0.005], "0.005"}, {-2, "0.01"},

{Log[1l0, 0.05], "0.05"}, {-1, "0.1"}, {Log[10, 0.5], "0.5"}, {0, "1"}};
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper, PlotRange » {{-0.05, MaxV}, {-4, 0}},
AxesOrigin - {0, -4}, Ticks -» {Automatic, axeslabels}]

/BRR * dRR

’ —fR*BZR*"R + VBRR # dRR

0.5

-0.05 0.05 0.10 0.15 0.20 025 0.30

0.666667




Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCIi5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin-» {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio—» 0.5]

1-
05r

0.1
0.05

001
0.005

0.001

0. .i]() O.(")S 0.‘] 0 ().‘I 5 O.‘ZO 0.‘25 ().13()

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCIi5, gCi6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin - {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

-
05k

0.1
0.05

001
0.005

0.001

‘0.00 0.05 0.10 0.15 0.20‘ ‘0.25 0.‘30

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCIi5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin-» {-0.02, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

I
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001
0.005

0.001
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Fig.1(d)

Parameter values
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Clear([x]
Site = 100;

fR=0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwWM = 2 % X;
SELwWMM = 0;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR % (1 + SELWM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

wWRM - wRR
SELWRM = ——;
wRR

MinV = -0.02;
MaxV =0.31;

1 SELfM 1
Saverage = T * ( + SELWM| + — * (SELwMM » HETEROwW)
2 2
0. +x
Out put

SampleMax = 10000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulaton
VectpM = Table[0, {SampleMax}];
Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change = 1;

For [change = 1, change < ChangeMax + 1, change = change + 1,

If[change==1, x
If[change==2, x=-0.01];
If[change =3, x=0];
If[change==4, x=0.05];

X

X

X

-0.015];

If[change==5, x=0.1];
If[change =6, x=0.2];
If [change==7, x=0.3];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

EqPH = H

xR = Round [Site » EqoH] ;



xM=0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

xR
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sampleMutation = RandomVariate [MultinomialDistribution [1 ’ {

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM::0,pM=—];
XR + xM
IR, xMM
If[xR+xM== ,pM:z—;
XRR + XRM + xMM
XRM
1 T+XMM 1 xM
If[xR+xM¢0&&xRR+xRM+xMM¢0,pM:—* P ];
2 xRR + xRM + xMM 2 xR+ xM

step = 2;
while[o <pM&&pM<1,

wRM
cR = WwRR * XRR +

* XRM;

wWRM
cM = wMM * XMM +

* XRM;

If[xR==0&& xM==0, cRR=0];

fR wR? » xR?
If[xR¢0||xM¢o, CRR = —*—]-
2 WR * XR + WM * XM

If[xR=2=0&& xM==0, cRM=0];

fR+ fM WR * WM % XR * XM
1f[xR¢0||xM¢o,cRM= * ]
2 WR * XR + wM * xM
If[xR==0&& xM==0, cMM = 0] ;
£M wM? » xM?
If[xR¢0||xM¢0, cMM:—*—];
2 WR * XR + WM * XM
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = 7
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM’
sampleBirth = RandomVariate[MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = sampleBirth[[1]];
XM = sampleBirth[[2]];
xXRR = sampleBirth[[3]];
XRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

14

xM
If[xRR+xRM+xMM== , PM = —]
XR + xM

2 * XRR }”
xR+2*xRR'xR+2*xRR !
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R, xMM
If[xR+xM=:0,pM=2—;
XRR + XRM + xMM
XRM
1 T+XMM 1 xM
If[xR+xM¢0&&xRR+xRM+xMM¢0,pM:—*—+—*—];
2 xRR+XRM+xMM 2 xR+ xM

step = step + 1;
E
VectpM|[ [sample]] = pM;
OutputData[ [countData, 1]] = x;

OutputData[ [countData, 2]] = pM;
countData = countData + 1;

[E—
~e

Resultparameter|[ [change]] = x;
Result[ [change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[[countResult, 2]]
countResult = countResult + 1;

X7
Total [VectpM] ;

Print [change]

1

2

3

4

5

6

7

Output of the data
Resultparameter
Result

Export["/Users/Bessho/Desktop/workstation/OutputDataFigld.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFigld.txt", OutputResult, "Table"];

{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}
{13, 14, 67, 862, 1642, 2810, 3840}

Plot
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PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,

PlotpM[ [change, 1]] = Resultparameter|[[change]];

Result [ [change]]
PlotpM|[ [change, 2]] ;

SampleMax
PlotpMlog|[ [change, 1]] = Resultparameter|[[change]];
Result [ [change]] ]

’

PlotpMlog|[ [change, 2]] = Log[lO,

E
gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Black}]
gLogNumerical = ListPlot [PlotpMlog, PlotRange -» { {MinV, MaxV}, {-5, 0}},
PlotStyle » {PointSize[0.015], Black}]
PlotpM

04

SampleMax

031
021
0.1

P S S S S S R R S B A
0.05 0.10 0.15 0.20 025 030

T S S T B S S T S SR B
0.05 0.10 0.15 0.20 025 0.30

5L

13 7 67
{{70.015, }, {70.01, —}, {0, },
10000 5000 10000

431 821 281 48
{0.05, m}, {0.1, m}, {0.2, M}, {0.3, EH

Wilson score interval (95% Confidence interval)

u-u

Because the probability variable F (where, estimated fixation probability # = = and the fixation probability u) approximately depends
u(l—u)/n n
on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
z=1.96;
n . 1 2 1 R 1 2 R Result
z= u+ *2° -z % —*u*(l—u)+ * 2 /.n- SampleMax /. U » ————
n + z2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 2 R Result
Z= u+ *2° + 2% —*u*(l—u)+ * 2 /.n- SampleMax /. U » ————
n + z?2 2xn n 4 xn? SampleMax

{0.000759905, 0.000834154, 0.00527961, 0.0808567, 0.157068, 0.272275, 0.374514}
{0.00222311, 0.00234878, 0.00849926, 0.0918611, 0.17159, 0.289893, 0.393575}
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PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[1l0, z[[change]]];

PlotCIupper|[[change, 2]] = Log[10, Z[[change]]];
1:
gCIupperDot = ListPlot[PlotCIupper, PlotRange -» { {MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot[PlotCIunder, PlotRange -» { {MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

P R B P R SRS N}
0.05 0.10 0.15 0.20 0.25 0.30
°

|
)
e

st

Log[1l0, Z]

N[Log[10, PlotpM[[All, 2]]]]

Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

gCIunder = ListPlot [PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.65304, -2.62916, -2.07062, -1.03687, -0.765509, -0.537763, -0.404972}
{-2.88606, -2.85387, -2.17393, -1.06449, -0.784627, -0.551294, -0.415669}
{-3.11924, -3.07875, -2.2774, -1.09228, -0.803912, -0.564992, -0.426532}

L L L L
0.05 0.10 0.15 0.20 025 030
°




PlotCIl = Table[O0, {i, 2}, {j, 2}];
PlotCI2 = Table[0, {i, 2}, {j, 2}1;
PlotCI3 = Table[O, {i, 2}, {j, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}];
PlotCI5 = Table[0, {i, 2}, {j, 2}];
PlotCI6 = Table[0, {i, 2}, {j, 2}];
PlotCI7 = Table[O0, {i, 2}, {j, 2}];

For [change = 1, change
PlotCI1[[1,
PlotCI1[[1,
PlotCI1[[2,
PlotCI1[[2,
PlotCI2[[1,
PlotCI2[[1,
PlotCI2[[2,
PlotCI2[[2,
PlotCI3[[1,
PlotCI3[[1,
PlotCI3[[2,
PlotCI3[[2,
PlotCI4[[1,
PlotCI4[[1,
PlotCI4[[2,
PlotCI4[[2,
PlotCI5[[1,
PlotCI5[[1,
PlotCI5[[2,
PlotCI5[[2,
PlotCI6[[1,
PlotCI6[[1,
PlotCI6[[2,
PlotCI6[[2,
PlotCI7[[1,
PlotCI7[[1,
PlotCI7[[2,
PlotCI7[[2,

1;

gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange -» {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-5, -0.

PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-5, -0
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot[PlotCI6, PlotRange -» {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-5, -0
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]

1]] = Resultparameter[[1]];
2]] =Log[10, z[[1]]];
1]] = Resultparameter[[1]];
2]] =Log[10, Z[[1]]];
1]] = Resultparameter[[2]];
2]] =Log[10, 2[[2]]];
1]] = Resultparameter[[2]];
2]] =Log[1l0, Z[[2]]1];
1]] = Resultparameter[[3]];
2]] =Log[10, z[[3]11];
1]] = Resultparameter[[3]];
2]] =Log[10, Z[[3]]];
1]] = Resultparameter[[4]];
2]] =Log[10, z[[4]1]1];
1]] = Resultparameter[[4]];
2]] =Log[10, Z[[4]]];
1]] = Resultparameter[[5]];
2]] =Log[10, 2[[5]]1];
1]] = Resultparameter[[5]];
2]] =Log[1l0, Z[[5]1];
1]] = Resultparameter[[6]];
2]] =Log[1l0, z[[6]1];
1]] = Resultparameter[[6]];
2]] =Log[10, Z[[6]]];
1]] = Resultparameter[[7]];
2]] =Log[10, 2[[7]1]1];
1]] = Resultparameter[[7]];
2]] =Log[10, Z[[7]]];

L L L L
0.15 020 025 0.30
.

< ChangeMax + 1, change = change + 1,

51},

511},

5}},

51},

-5}},

5}},

-5}},
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Fixation probability from branching process approximation

Clear([y]

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM =2 *Yy;
SELWMM = 0.0;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wRM = wRR » (1 + HETEROW » SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = ——8M8M;
wWRR
1 SELfM 1
Saverage = T * ( + SELwM| + — * (SELWMM » HETEROW)
2 2
WRR
Equ = ;
mem, \fuRR
fR*WR
2
Equ = ;
fR*wR " WRR
2
fM + fR
avef = ——;
2
fR * wR
W= —— % EqoH + WRR » EqoD;
2
avef » wM
EqD4a =1 - PH - Exp[—PD* —] ;
w
wWRM
EqD4b=1—PD—Exp[—PH* ];
2W

RepeatMax = 200;

ResultH = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultD = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}1;
LogResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
repeat = 0;

For[repeatl =1, repeatl < RepeatMax + 1, repeatl = repeatl +1,

repeat = repeat + 1;
(MaxV - 0)
x1=0+ — % (repeatl - 1);
RepeatMax
CondH = EqD4a /. y -» x1;
CondD = EqD4b /. y -» x1;
sol = Solve[CondH == 0 && CondD == 0 && O < PH && PH< 1 && O < PD & PD< 1, {PH, PD}, Reals];
BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];
ResultH[ [repeat, 1]] = x1;
ResultD[ [repeat, 1]] = x1;



ResultBPfix[[repeat, 1]] = x1;
LogResultBPfix [ [repeat, 1]] = x1;
ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH
EqpH + 2 * EqoD

2 x EqpD

ResultBPfix [ [repeat, 2]] = * BPPaiH + * BPPaiD;

EqpH + 2 * EqoD
EqpH 2 * EqpD

—————— xBPPaiH +
EqpH + 2 * EgoD

LogResultBPfix [ [repeat, 2]] = Log [10,

K

EqpH + 2 * EgoD
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* BPPaiD] ;

gBPfix = ListPlot [ResultBPfix, Joined » True, PlotRange -» {{0, MaxV}, {-0.01, 0.4}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = ListPlot [LogResultBPfix, Joined » True, PlotRange » {{0, MaxV}, {-5, 0}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]
0. +y

Solve::ratnz : SolveFHBA TRVMARDRZMS CENTEXLBATLL. BENICT 2HBRAZHRE, GREMEICERTZCETHELONE L.

Solve:ratnz : Solve BB CRIMAMDREM CENTEFRATLUL. BENIET 2HBBRAEZMRE, BREMBECTIRT B LTHEONELE.

Solve:ratnz : SolveldEZ CRVMEBDRER ZENTEEXBATURE. BENIST 2HBRAERSE,

General::stop : ZOFTEH(T, SolverratnzOZ M EDEHERTEINELA. >

04

03

02

0.1

0.05 0.10 0.15 0.20 0.25 0.30

M PR B PR R A
0.05 0.10 0.15 0.20 025 0.30

-5

Fixation probability from diffusion approximation

BEREPECE]MT B LTHONELRE.

>

>

>
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fR+wR
wWRR R 2

Parameters = {SUM - Site, py > s Dp = , sfM - SELfM,

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }

Additive = swMM - 2 * SWRM;
2 Saverage + P * Additive

2

m=SUM*xp* (1 -p) *

4

p* (L-p) * (Pg+2*75p)
vV =

.
4

8 % Py * Pp

m
Q= Integrate[— /. Parameters, p] ;
v
1
INI = /. Parameters;
SUM * (f)ﬂ +2 *50)

Integrate[Exp[-2*0Q], {p, O, INI}]
DFfixWS = .

Integrate[Exp[-2*0Q0], {p, O, 1}]
gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]
gLogDFfixWS = Plot[Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

{suM - 100, py > 0.666667, pp—> 0.333333, sfM >0, swM—>2y, SWRM-> 0., sWwMM > 0. }

04

03

0.1+

0.05 0.10 0.15 0.20 0.25 0.30

I I I I I I
0.05 0.10 0.15 0.20 025 030

5L

Analytical result (Lineary approximation)



SupplementaryFile.nb | 83

. . 8 % Dy * Dp
FixLinear = —————— % 2 * Sayerage/
(Pu + 2%5p)?
gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.4}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio - 0.75]
gLogFixLinear = Plot[Log[10, FixLinear /. Parameters], {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

04 .,
4
- ’
4
4
4
4
4
4
L /
03 ’
7’
r 7’
4
7’
4
’
4
L /
4
02k d
7/
r 4
’
’
7’
4
4
4
7’
0.1 i
L 4
4
4
I ’
’
r ’
4
rF.z
4
. . . . . .
0.05 0.10 0.15 0.20 0.25 0.30
I I I I I
0.05 0.10 0.15 0.20 025 ___ a0
—a"———
-1 L
.
L 4
4
r s
L
I}
-2H
3k
3
L
r
3
4l
L
(8
t
-5k

Show[gDFfixWS, gBPfix, gFixLinear, gNumerical]
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]

04 ,

L %

/
’
4
/
4
/

L /
03 e
3 /

t 0

/
/
7’
/
/
/

L /

021 ’

0.1

-5

Figure for output
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axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},
{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},
{-2, "0.01"}, {Log[l0, 0.05], "0.05"}, {-1, "0.1"}, {Log[l0, O.5], "0.5"}, {O,
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCi5, gCi6, gCi7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin - {0, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.5]

wWRR

0.0001
0.00005

L L L L L
0.05 0.10 0.15 0.20 0.25 0.30

0.666667

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCi5, gCIi6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin - {-0.02, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.5]

05F =

0.1
0.05

0.01
0.005

0.001
0.0005

0.0001
0.00005

I
0.00 0.05 0.10 0.15 0.20 025 0.30

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,

gCIi4, gCIi5, gCIi6, gCI7, gCIunder, gCIupper, PlotRange -» { {MinV, MaxV}, {-5.0, 0}},

AxesOrigin-» {-0.02, -5.0}, Ticks » {Automatic, axeslabels}, AspectRatio-» 0.75]
.
05

0.1
0.05

0.01
0.005

0.001
0.0005

0.0001
0.00005

0.00 0.05 0.10 0.15 0.20 0.25 0.30

= Fig.1(e)

Parameter values

"1"}}
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Clear([x]
Site = 100;

fR=0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM = 0;
SELWMM = 4 % X;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR % (1 + SELWM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

wWRM - wRR
SELWRM = ——;
wRR

MinV = -0.02;
MaxV =0.31;

Saverage = T *

1 ( SELfM
2

1
+ SELwM| + — » (SELwWMM x* HETEROwW)
2

l1.x

Out put

SampleMax = 10 000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData=1;
countResult = 1;

Simulaton

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change =1;

For [change = 1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.015];
If[change==2, x=-0.01];
If[change==3, x=0];

If [change ==4, x=0.05];
If[change==5, x=0.1];
If[change =6, x=0.2];
If[change==7, x=0.3];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,
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V wRR

EqpPH = H

2

xR = Round [Site * EqoH] ;

xM =0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

xR 2 * XxRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { ’ }] ] ;
xR+ 2% xRR  XR + 2 * XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
xRR = XRR - sampleMutation[[2]];
xRM = XxRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM==0,pM=—];
XR + xM
%+x1\m
If[xR+xM== , pPM= ————— | ;
xRR + XRM + xMM
XRM
1 T+XMM 1 xM
If[xR+xM;&0&&xRR+xRM+xMM;EO, M= — % + — % ];
2 xRR + xRM + xMM 2 xR+ xM

step = 2;
While[o <pM&&pM<1,
wWRM

cR = WRR * XRR + * XRM;

wWRM

cM = wMM » xMM + * XRM;

If[xR=20&& xM==0, cRR=0];

fR wR? % xR?
If[xn;eo || xXM#0, cRR = —*—]

2 WR * XR + WM * xM
If[xR==0&& xM==0, cRM=0];

fR + fM wR*WM*xR*xM]

’

If[xR¢0||xM¢0,cRM= * ;
2 WR * XR + WM * xM
If[xR=20&& xM==0, cMM=0];
M wM? » xM?
If(xR#0 || xM#£0, cMM:—*—]-
2 WR * XR + WM * xM
cR
pCellR = H
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
pCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
PCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM,
sampleBirth = RandomVariate [MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = sampleBirth[[1]];
XM = sampleBirth[[2]];
xRR = sampleBirth[[3]];
XxRM = sampleBirth[[4]];
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XMM = sampleBirth[[5]];

xM
If[xRR+xRM+xMM==0,pM=—];
XR + xM
ZRM , xMM
If[xR+xM=:O,pM=2—;
XRR + XRM + XMM
XRM
1 T+XMM 1 xM
1f[xR+xM¢0&&xRR+xRM+xm4¢o,pM:—*—+—*—];
2 xRR + XxRM + xMM 2 xR+ xM

step = step + 1;
E
VectpM[ [sample] ] = pM;
OutputData[[countData, 1]] = x;

OutputData[ [countData, 2]] = pM;
countData = countData + 1;

[E—
~e

Resultparameter|[ [change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[[countResult, 2]]
countResult = countResult + 1;

X;
Total [VectpM] ;

Print [change]

1

2

3

4

5

6

7

Output of the data
Resultparameter
Result

Export["/Users/Bessho/Desktop/workstation/OutputDataFigle.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFigle.txt", OutputResult, "Table"];

{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}
{4, 11, 83, 899, 1661, 2922, 3813}

Plot
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PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,

PlotpM[ [change, 1]] = Resultparameter|[[change]];

Result [ [change]]
PlotpM|[ [change, 2]] ;

SampleMax
PlotpMlog|[ [change, 1]] = Resultparameter|[[change]];
Result [ [change]] ]

’

PlotpMlog|[ [change, 2]] = Log[lO,

E
gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Black}]
gLogNumerical = ListPlot [PlotpMlog, PlotRange -» { {MinV, MaxV}, {-5, 0}},
PlotStyle » {PointSize[0.015], Black}]
PlotpM

04

SampleMax

021

0.1

P S S S S S R R S B A
0.05 0.10 0.15 0.20 025 030

T S S T B S S T S SR B
0.05 0.10 0.15 0.20 025 0.30

ol

1 11 83
{{70.015, —}, {70.01, }, {0, },
2500 10000 10000

899 1661 1461 3813
{0.05, } {0.1, } {0.2, 7} {0.3, }}
10000 10000 5000 10000
Wilson score interval (95% Confidence interval)

u-u

v u(1-u)/n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

Because the probability variable (where, estimated fixation probability # = = and the fixation probability u) approximately depends
n

z=1.96;
n . 1 2 1 R 1 2 R Result
z= u+ *2° -z % —*u*(l—u)+ * 2 /.n- SampleMax /. U » ————
n + z2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 2 R Result
Z= u+ *2° + 2% —*u*(l—u)+ * 2 /.n- SampleMax /. U » ————
n + z?2 2xn n 4 xn? SampleMax

{0.00015556, 0.000614344, 0.00670094, 0.08445, 0.158934, 0.283368, 0.371827}
{0.00102814, 0.00196882, 0.0102767, 0.095665, 0.173522, 0.301192, 0.390864}
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PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[1l0, z[[change]]];

PlotCIupper|[[change, 2]] = Log[10, Z[[change]]];
1:
gCIupperDot = ListPlot[PlotCIupper, PlotRange -» { {MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot[PlotCIunder, PlotRange -» { {MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

P R B P R SRS N}
0.05 0.10 0.15 0.20 0.25 030
°

st

Log[1l0, Z]

N[Log[10, PlotpM[[All, 2]]]]

Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

gCIunder = ListPlot [PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.98795, -2.70579, -1.98815, -1.01925, -0.760644, -0.521157, -0.407975}
{-3.39794, -2.95861, -2.08092, -1.04624, -0.77963, -0.53432, -0.418733}
{-3.8081, -3.21159, -2.17386, -1.0734, -0.798783, -0.54765, -0.429659}

L L L
0.05 0.10 0.15 0.20 025 030
.
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PlotCIl = Table[O, {i, 2}, {j, 2}];
PlotCI2 = Table[O, {i, 2}, {j, 2}];
PlotCI3 = Table[O0, {i, 2}, {J, 2}1;
PlotCI4 = Table[O, {i, 2}, {j, 2}];
PlotCI5 = Table[O, {i, 2}, {j, 2}];
PlotCI6 = Table[O, {i, 2}, {j, 2}];
PlotCI7 = Table[O, {i, 2}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCI1[[1, 1]] = Resultparameter[[1l]];
PlotCI1[[1, 2]] =Log[10, z[[1]]];
PlotCI1[[2, 1]] = Resultparameter[[1l]];
PlotCI1[[2, 2]] =Log[10, Z[[1]]];
PlotCI2[[1, 1]] = Resultparameter|[[2]];
PlotCI2[[1, 2]] =Log[1l0, 2[[2]]];
PlotCI2[[2, 1]] = Resultparameter[[2]];
PlotCI2[[2, 2]] =Log[10, Z[[2]]];
PlotCI3[[1, 1]] = Resultparameter[[3]];
PlotCI3[[1, 2]] =Log[1l0, 2[[3]]];
PlotCI3[[2, 1]] = Resultparameter[[3]];
PlotCI3[[2, 2]] =Log[10, Z[[3]]1];
PlotCI4[[1, 1]] = Resultparameter[[4]];
PlotCI4[[1, 2]] =Log[10, z[[4]]];
PlotCI4[[2, 1]] = Resultparameter[[4]];
PlotCI4[[2, 2]] =Log[10, Z[[4]1]];
PlotCI5[[1, 1]] = Resultparameter[[5]];
PlotCI5[[1, 2]] =Log[1l0, 2[[5]]];
PlotCI5[[2, 1]] = Resultparameter[[5]];
PlotCI5[[2, 2]] =Log[10, Z[[5]]1];
PlotCI6[[1, 1]] = Resultparameter[[6]];
PlotCI6[[1, 2]] =Log[10, 2[[6]]];
PlotCI6[[2, 1]] = Resultparameter[[6]];
PlotCI6[[2, 2]] =Log[1l0, Z[[6]]];
PlotCI7[[1, 1]] = Resultparameter[[7]];
PlotCI7[[1, 2]] =Log[10, z[[7]]];
PlotCI7[[2, 1]] = Resultparameter[[7]];
PlotCI7[[2, 2]] =Log[10, Z[[7]1]];
1;
gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange -» {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot[PlotCI6, PlotRange -» {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]

L L L L L L
0.05 0.10 0.15 020 025 0.30
.
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Fixation probability from branching process approximation

Clear([y]

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM = 0;
SELwWMM = 4 x y;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wRM = wRR » (1 + HETEROW » SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = ——8M8M;
wWRR
1 SELfM 1
Saverage = T * ( + SELwM| + — * (SELWMM » HETEROW)
2 2
WRR
Equ = ;
mem, \fuRR
fR*WR
2
Equ = ;
fR*wR " WRR
2
fM + fR
avef = ——;
2
fR * wR
W= —— % EqoH + WRR » EqoD;
2
avef » wM
EqD4a =1 - PH - Exp[—PD* —] ;
w
wWRM
EqD4b=1—PD—Exp[—PH* ];
2W

RepeatMax = 200;

ResultH = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultD = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}1;
LogResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
repeat = 0;

For[repeatl =1, repeatl < RepeatMax + 1, repeatl = repeatl +1,

repeat = repeat + 1;
(MaxV - 0)
x1=0+ — % (repeatl - 1);
RepeatMax
CondH = EqD4a /. y -» x1;
CondD = EqD4b /. y -» x1;
sol = Solve[CondH == 0 && CondD == 0 && O < PH && PH< 1 && O < PD & PD< 1, {PH, PD}, Reals];
BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];
ResultH[ [repeat, 1]] = x1;
ResultD[ [repeat, 1]] = x1;
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ResultBPfix[[repeat, 1]] = x1;
LogResultBPfix [ [repeat, 1]] = x1;
ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH 2 x EqpD
ResultBPfix[[repeat, 2]] = —————— *BPPaiH + ———————
EqpH + 2 * EqoD EqpH + 2 * EqoD
EqpH
LogResultBPfix [ [repeat, 2]] = Log [10, —————— xBPPaiH +

EqpH + 2 * EgoD

K

EqpH + 2 * EgoD

* BPPaiD] ;

gBPfix = ListPlot [ResultBPfix, Joined » True, PlotRange -» {{0, MaxV}, {-0.01, 0.4}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = ListPlot [LogResultBPfix, Joined » True, PlotRange » {{0, MaxV}, {-5, 0}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]
l.y

Solve::ratnz : SolveFHBA TRVMARDRZMS CENTEXLBATLL. BENICT 2HBRAZHRE, GREMEICERTZCETHELONE L.
Solve:ratnz : Solve BB CRIMAMDREM CENTEFRATLUL. BENIET 2HBBRAEZMRE, BREMBECTIRT B LTHEONELE.

Solve::ratnz : SolveFEB TRVMERDREM ZENTEXRBATLUL. BENNT IHBRAEMRE, GREMECTIHRTZETHENE L.

General::stop : ZOFTEH(T, SolverratnzOZ M EDEHERTEINELA. >

04

03

02

0.1

0.05 0.10 0.15 0.20 0.25 0.30

P S RS N T R SRR
0.05 0.10 0.15 0.20 025 0.30

-5

Fixation probability from diffusion approximation

>

>

>



wWRR

Parameters = {SUM - Site, py >

2

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }
Additive = swMM - 2 * SWRM;
2 * Saverage + P * Additive

2

m=SUM*xp* (1 -p) *

4

p* (L-p) * (Pg+2*75p)
vV =

.
4

8 % Py * Pp

m
Q= Integrate[— /. Parameters, p] ;
v
1
INI = /. Parameters;
SUM * (f)ﬂ +2 *50)

Integrate[Exp[-2*0Q], {p, O, INI}]
DFfixWS = .

Integrate[Exp[-2%0Q], {p, O, 1}]

r Pp

fR*wR
2

, sfM - SELfM,
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gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]
gLogDFfixWS = Plot[Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

{SUM» 100, py > 0.666667, pp— 0.333333,
~1000 + 1000 (1 +2.y)

sfM-> 0, swM—> 0, swRM -

1000
04r
03
02
0.1
L
005 0.10 0.15 020 025 030
T T T T T YT I T AT M
005 0.10 0.15 020 025 030

5L

Analytical result (Lineary approximation)

, stMe4y}
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. . 8 % Dy * Dp
FixLinear = —————— % 2 * Sayerage/
(Pu + 2%5p)?
gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.4}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio - 0.75]
gLogFixLinear = Plot[Log[10, FixLinear /. Parameters], {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

04 .,
4
- ’
4
4
4
4
4
4
L /
03 ’
7’
r 7’
4
7’
4
’
4
L /
4
02k d
7/
r 4
’
’
7’
4
4
4
7’
0.1 i
L 4
4
4
I ’
’
r ’
4
rF.z
4
. . . . . .
0.05 0.10 0.15 0.20 0.25 0.30
I I I I I
0.05 0.10 0.15 0.20 025 ___ a0
—a"———
-1 L
.
L 4
4
r s
L
I}
-2H
3k
3
L
r
3
4l
L
(8
t
-5k

Show[gDFfixWS, gBPfix, gFixLinear, gNumerical]
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]

041 ’
03 ’

021 ’

0.1

-5

Figure for output
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axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},

{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},

{-2, "0.01"}, {Log[1l0, 0.05], "0.05"}, {-1, "0.1"}, {Log[l1l0, 0.5], "0.5"}, {0, "1"}};
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCi5, gCi6, gCi7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin - {0, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.5]

wWRR

0.0001
0.00005

L L L L L
0.05 0.10 0.15 0.20 0.25 0.30

0.666667

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCi5, gCIi6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin - {-0.02, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.5]

05F e

0.1
0.05

0.01
0.005

0.001
0.0005

0.0001
0.00005

0.00 0.05 0,‘[0 0.15 0.20 0.25 0.30
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCi5, gCIi6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},

AxesOrigin-» {-0.02, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]
.
05

0.1
0.05

0.01
0.005

0.001
0.0005

00001}
0.00005

= Fig.1(f)

Parameter values
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Clear([x]
Site = 100;

fR=0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM = 0;
SELWMM = 2 % X;
HETEROw = 1.0;

fM = fR* (1 + SELfM) ;

wM = wR % (1 + SELWM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

wWRM - wRR
SELWRM = ——;
wRR

MinV = -0.02;
MaxV =0.31;

Saverage = T *

1 ( SELfM
2

1
+ SELwM| + — » (SELwWMM x* HETEROwW)
2

l1.x

Out put

SampleMax = 10 000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData=1;
countResult = 1;

Simulaton

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change =1;

For [change = 1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.015];
If[change==2, x=-0.01];
If[change==3, x=0];

If [change ==4, x=0.05];
If[change==5, x=0.1];
If[change =6, x=0.2];
If[change==7, x=0.3];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,
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V wRR

EqpPH = H

2

xR = Round [Site * EqoH] ;

xM =0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

xR 2 * XxRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { ’ }] ] ;
xR+ 2% xRR  XR + 2 * XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
xRR = XRR - sampleMutation[[2]];
xRM = XxRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM==0,pM=—];
XR + xM
%+x1\m
If[xR+xM== , pPM= ————— | ;
xRR + XRM + xMM
XRM
1 T+XMM 1 xM
If[xR+xM;&0&&xRR+xRM+xMM;EO, M= — % + — % ];
2 xRR + xRM + xMM 2 xR+ xM

step = 2;
While[o <pM&&pM<1,
wWRM

cR = WRR * XRR + * XRM;

wWRM

cM = wMM » xMM + * XRM;

If[xR=20&& xM==0, cRR=0];

fR wR? % xR?
If[xn;eo || xXM#0, cRR = —*—]

2 WR * XR + WM * xM
If[xR==0&& xM==0, cRM=0];

fR + fM wR*WM*xR*xM]

’

If[xR¢0||xM¢0,cRM= * ;
2 WR * XR + WM * xM
If[xR=20&& xM==0, cMM=0];
M wM? » xM?
If(xR#0 || xM#£0, cMM:—*—]-
2 WR * XR + WM * xM
cR
pCellR = H
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
pCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
PCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM,
sampleBirth = RandomVariate [MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = sampleBirth[[1]];
XM = sampleBirth[[2]];
xRR = sampleBirth[[3]];
XxRM = sampleBirth[[4]];
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XMM = sampleBirth[[5]];

xM
If[xRR+xRM+xMM==0,pM=—];
XR + xM
ZRM , xMM
If[xR+xM=:O,pM=2—;
XRR + XRM + XMM
XRM
1 T+XMM 1 xM
1f[xR+xM¢0&&xRR+xRM+xm4¢o,pM:—*—+—*—];
2 xRR + XxRM + xMM 2 xR+ xM

step = step + 1;
E
VectpM[ [sample] ] = pM;
OutputData[[countData, 1]] = x;

OutputData[ [countData, 2]] = pM;
countData = countData + 1;

[E—
~e

Resultparameter|[ [change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[[countResult, 2]]
countResult = countResult + 1;

X7
Total [VectpM] ;

Print [change]

1

2

3

4

5

6

7

Output of the data
Resultparameter
Result

Export["/Users/Bessho/Desktop/workstation/OutputDataFiglf.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFiglf.txt", OutputResult, "Table"];

{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}
{19, 27, 88, 795, 1586, 2753, 3797}

Plot
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PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotpM[ [change, 1]] = Resultparameter|[[change]];

Result [ [change]]
PlotpM|[ [change, 2]] ;

SampleMax
PlotpMlog|[ [change, 1]] = Resultparameter|[[change]];
Result [ [change]] ]

’

PlotpMlog|[ [change, 2]] = Log[lO,

E
gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Black}]
gLogNumerical = ListPlot [PlotpMlog, PlotRange -» { {MinV, MaxV}, {-5, 0}},
PlotStyle » {PointSize[0.015], Black}]
PlotpM

04

SampleMax

031
021
0.1

P S S S S S R R S B A
0.05 0.10 0.15 0.20 025 030

T S S T B S S T S SR B
0.05 0.10 0.15 0.20 025 0.30

5L

19 27 11
{{70.015, }, {70.01, }, {o, —},
10000 10000 1250

159 793 2753 3797
{0.05, }, {0.1, 4447}, {0.2, }, {0.3, }}
2000 5000 10000 10000
Wilson score interval (95% Confidence interval)

u-u

v u(1-u)/n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

Because the probability variable (where, estimated fixation probability # = = and the fixation probability u) approximately depends
n

z=1.96;
n . 1 2 1 R 1 2 R Result
z= u+ *2° -z % —*u*(l—u)+ * 2 /.n- SampleMax /. U » ————
n + z2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 2 R Result
Z= u+ *2° + 2% —*u*(l—u)+ * 2 /.n- SampleMax /. U » ————
n + z?2 2xn n 4 xn? SampleMax

{0.00121673, 0.00185632, 0.00714875, 0.0743579, 0.151571, 0.266633, 0.370236}
{0.00296582, 0.00392562, 0.0108285, 0.0849651, 0.165891, 0.28414, 0.389257}
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PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[1l0, z[[change]]];

PlotCIupper|[[change, 2]] = Log[10, Z[[change]]];
1:
gCIupperDot = ListPlot[PlotCIupper, PlotRange -» { {MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot[PlotCIunder, PlotRange -» { {MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

P R B P R SRS N}
0.05 0.10 0.15 0.20 0.25 030
°

st

Log[1l0, Z]

N[Log[10, PlotpM[[All, 2]]]]

Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

gCIunder = ListPlot [PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, -0.5}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.52786, -2.40609, -1.96543, -1.07076, -0.780178, -0.546468, ~0.409764)
{-2.72125, -2.56864, -2.05552, -1.09963, -0.799697, -0.560194, -0.420559}
{-2.9148, -2.73135, -2.14577, -1.12867, -0.819383, -0.574086, -0.431522}

L L L
0.05 0.10 0.15 0.20 025 030
.




PlotCIl = Table[O0, {i, 2}, {j, 2}];
PlotCI2 = Table[0, {i, 2}, {j, 2}1;
PlotCI3 = Table[O, {i, 2}, {j, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}];
PlotCI5 = Table[0, {i, 2}, {j, 2}];
PlotCI6 = Table[0, {i, 2}, {j, 2}];
PlotCI7 = Table[O0, {i, 2}, {j, 2}];

For [change = 1, change
PlotCI1[[1,
PlotCI1[[1,
PlotCI1[[2,
PlotCI1[[2,
PlotCI2[[1,
PlotCI2[[1,
PlotCI2[[2,
PlotCI2[[2,
PlotCI3[[1,
PlotCI3[[1,
PlotCI3[[2,
PlotCI3[[2,
PlotCI4[[1,
PlotCI4[[1,
PlotCI4[[2,
PlotCI4[[2,
PlotCI5[[1,
PlotCI5[[1,
PlotCI5[[2,
PlotCI5[[2,
PlotCI6[[1,
PlotCI6[[1,
PlotCI6[[2,
PlotCI6[[2,
PlotCI7[[1,
PlotCI7[[1,
PlotCI7[[2,
PlotCI7[[2,

1;

gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange -» {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-5, -0.

PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-5, -0
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot[PlotCI6, PlotRange -» {{MinV, MaxV}, {-5, -0.
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-5, -0
PlotStyle » {Thickness[0.001], Black}, Joined - True];

1]] = Resultparameter[[1]];
2]] =Log[10, z[[1]]];
1]] = Resultparameter[[1]];
2]] =Log[10, Z[[1]]];
1]] = Resultparameter[[2]];
2]] =Log[10, 2[[2]]];
1]] = Resultparameter[[2]];
2]] =Log[1l0, Z[[2]]1];
1]] = Resultparameter[[3]];
2]] =Log[10, z[[3]11];
1]] = Resultparameter[[3]];
2]] =Log[10, Z[[3]]];
1]] = Resultparameter[[4]];
2]] =Log[10, z[[4]1]1];
1]] = Resultparameter[[4]];
2]] =Log[10, Z[[4]]];
1]] = Resultparameter[[5]];
2]] =Log[10, 2[[5]]1];
1]] = Resultparameter[[5]];
2]] =Log[1l0, Z[[5]1];
1]] = Resultparameter[[6]];
2]] =Log[1l0, z[[6]1];
1]] = Resultparameter[[6]];
2]] =Log[10, Z[[6]]];
1]] = Resultparameter[[7]];
2]] =Log[10, 2[[7]1]1];
1]] = Resultparameter[[7]];
2]] =Log[10, Z[[7]]];

< ChangeMax + 1, change = change + 1,

51},

511},

5}},

51},

-5}},

5}},

-5}},
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Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]

L L L L
0.15 020 025 0.30
.
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Fixation probability from branching process approximation

Clear([y]

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM = 0;
SELWMM = 2 x y;
HETEROw = 1.0;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wRM = wRR » (1 + HETEROW » SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = ——8M8M;
wWRR
1 SELfM 1
Saverage = T * ( + SELwM| + — * (SELWMM » HETEROW)
2 2
WRR
Equ = ;
mem, \fuRR
fR*WR
2
Equ = ;
fR*wR " WRR
2
fM + fR
avef = ——;
2
fR * wR
W= —— % EqoH + WRR » EqoD;
2
avef » wM
EqD4a =1 - PH - Exp[—PD* —] ;
w
wWRM
EqD4b=1—PD—Exp[—PH* ];
2W

RepeatMax = 200;

ResultH = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultD = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}1;
LogResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
repeat = 0;

For[repeatl =1, repeatl < RepeatMax + 1, repeatl = repeatl +1,

repeat = repeat + 1;
(MaxV - 0)
x1=0+ — % (repeatl - 1);
RepeatMax
CondH = EqD4a /. y -» x1;
CondD = EqD4b /. y -» x1;
sol = Solve[CondH == 0 && CondD == 0 && O < PH && PH< 1 && O < PD & PD< 1, {PH, PD}, Reals];
BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];
ResultH[ [repeat, 1]] = x1;
ResultD[ [repeat, 1]] = x1;



ResultBPfix[[repeat, 1]] = x1;
LogResultBPfix [ [repeat, 1]] = x1;
ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH
EqpH + 2 * EqoD

2 x EqpD

ResultBPfix [ [repeat, 2]] = * BPPaiH + * BPPaiD;

EqpH + 2 * EqoD
EqpH 2 * EqpD

—————— xBPPaiH +
EqpH + 2 * EgoD

LogResultBPfix [ [repeat, 2]] = Log [10,

K

EqpH + 2 * EgoD
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* BPPaiD] ;

gBPfix = ListPlot [ResultBPfix, Joined » True, PlotRange -» {{0, MaxV}, {-0.01, 0.4}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = ListPlot [LogResultBPfix, Joined » True, PlotRange » {{0, MaxV}, {-5, 0}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]
l.y

Solve::ratnz : SolveFHBA TRVMARDRZMS CENTEXLBATLL. BENICT 2HBRAZHRE, GREMEICERTZCETHELONE L.

Solve:ratnz : Solve BB CRIMAMDREM CENTEFRATLUL. BENIET 2HBBRAEZMRE, BREMBECTIRT B LTHEONELE.

Solve:ratnz : SolveldEZ CRVMEBDRER ZENTEEXBATURE. BENIST 2HBRAERSE,

General::stop : ZOFTEH(T, SolverratnzOZ M EDEHERTEINELA. >

04

03

02

0.1

0.05 0.10 0.15 0.20 0.25 0.30

M PR B PR R A
0.05 0.10 0.15 0.20 025 0.30

-5

Fixation probability from diffusion approximation

BEREPECE]MT B LTHONELRE.

>

>

>
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fR*wR
. R WRR R 2
Parameters = {SUM - Site, py -

y Pp = , sfM » SELfM,

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }

Additive = swMM - 2 * SWRM;

2 Saverage + P * Additive
m=SUM#*p+ (1-p) .

4

2
p* (L-p) * (Pg+2*75p)
v = = = 7
8 % Py * Dp

m
Q= Integrate[— /. Parameters, p] ;

v

1

INI = /. Parameters;

SUM * (f)ﬂ +2 *50)
Integrate[Exp[-2*0Q], {p, O, INI}]

Integrate[Exp[-2*0Q0], {p, O, 1}]
gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]
gLogDFfixWS = Plot[Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-4.5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

DFfixWs =

{SUM» 100, py > 0.666667, pp— 0.333333,

-1000 + 1000 (1 +2.y)
sfM-> 0, swM—> 0, swRM -

, stMeZy}

1000
04r
03
02
0.1
L
005 0.10 0.15 020 025 030
P R R S
005 0.10 0.15 020 025 030

Analytical result (Lineary approximation)
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. . 8 % Dy * Dp
FixLinear = —————— % 2 * Sayerage/
(Pu + 2%5p)?
gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.4}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio - 0.75]
gLogFixLinear = Plot[Log[10, FixLinear /. Parameters], {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

04 .,
4
- ’
4
4
4
4
4
4
L /
03 ’
7’
r 7’
4
7’
4
’
4
L /
4
02k d
7/
r 4
’
’
7’
4
4
4
7’
0.1 i
L 4
4
4
I ’
’
r ’
4
rF.z
4
. . . . . .
0.05 0.10 0.15 0.20 0.25 0.30
I I I I I
0.05 0.10 0.15 0.20 025 ___ a0
—a"———
-1 L
.
L 4
4
r s
L
I}
-2H
3k
3
L
r
3
4l
L
(8
t
-5k

Show[gDFfixWS, gBPfix, gFixLinear, gNumerical]
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]

04r ,
L yd ]
/
/
/
/
/
L /
L Vi
03 /
L J .
/
/
/
/
/
L /
021 ’
/
F /
,
pyL
3
’
L /
/
0.1 Y
L 4
P A S T S R SRS B
0.05 0.10 0.15 0.20 025 0.30

Figure for output
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axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},

{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},

{-2, "0.01"}, {Log[l0, 0.05], "0.05"}, {-1, "0.1"}, {Log[l0, 0.5], "0.5"}, {0, "1"}}
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCi5, gCi6, gCi7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin - {0, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.5]

wWRR

S

001
0.

001
0.0005

0.0001
0.00005

L L L L L
0.05 0.10 0.15 0.20 0.25 0.30

0.666667

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCi5, gCIi6, gCI7, gCIunder, gCIupper, PlotRange -» { {MinV, MaxV}, {-4.5, 0}},
AxesOrigin - {-0.02, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.5]

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCI5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
AxesOrigin-» {-0.02, -5}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

0.5

0.1
0.05

0.01
0.005

0.001
0.0005

0.0001
0.00005

0.60 0.65 0,‘[0 0.;5 0.‘20 0,"_?5 0.‘30
= Fig.2(a)

Parameter values
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Clear([x]

Site = 100;
fR=0.5;

BR =1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005

~e

SELfM = 0;
SELSM = 0;
SELSMM = X;
HETEROB = 0
SELAM = 0;
SELAMM = 0;
HETEROd = 0.5;

~e

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROf3 * SEL3MM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - BRR
SELBRM = —
BRR
dRR - dRM
SELdRM = ————;
dRR

MinV = -0.02;
MaxV =0.31;

1 SELfM 1
Saverage = — * ( + SELSAM + SELAM| + — % (SELAMM * HETEROS + SELAM * HETEROd)
2 2
0.
Out put

SampleMax = 10000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData=1;
countResult = 1;

Simulation

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change =1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.015];
If[change==2, x=-0.01];
If[change==3, x=0];
If[change==4, x=0.05];
If [change==5, x=0.1];
If[change =6, x=0.2];
If[change==7, x=0.3];
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sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqPH = H

’ —fR*BZR*dR + VBRR # dRR

xR = Round[Site * EqoH] ;

xM=0;

XRR = Site - xR;
XRM = 0;
xMM = 0;

xR 2 * XRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { }] ]

xR+2*xRR’ xR + 2 ¥ XRR
xR = xR - sampleMutation[[1]];

xM = xM + sampleMutation[[1]];

xXRR = XRR - sampleMutation[[2]];

XRM = XRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM== ,pM:—];
xR + xM
IR, xMM
If[xR+xM==0, pMm= —*——|;
XRR + XRM + xMM
XRM
dRR 5t xMM drR xM
If[xR+xM¢0&&xRR+xRM+xMM;EO,pM: * + * ];
dR + dRR xRR + XRM + xMM dR + dRR xR + xM

step = 2;
while[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * XR + dM % XM + dRR * XRR + dRM * xRM + dMM * xMM
dM » xM
pDeathM = i
dR * xR + dM * xM + dRR * XxRR + dRM * xRM + dMM * xMM
dRR * XRR
pDeathRR = ;
dR * xR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dRM * xRM
pDeathRM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + ARR * XRR + dRM % XRM + dMM % xMM _
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
%R = XR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = xRM - sampleDeath[[4]];
XMM = xMM - sampleDeath[[5]];

BRM
cR = BRR * XRR +

* XRM;

BRM

cM = MM % xMM + * XRM;

If[xR==0&& xM==0, cRR=0];



SupplementaryFile.nb | 109

4

fR BR? % xR?
If[xn;eo [] XM#0, CRR = —*—]
2 BR * XR + M * xM

If[xR==0&& xM==0, cRM=0];

fR+ fM  BR % M % XR * xM
If[xR#0||xM¢0,cRM= * ];
2 BR * xR + M % xM
If[xR==0&& xM==0, cMM = 0] ;
M BM2 % xM?
If|xR#0 || xM#O0, cMM:—*—];
2 BR * XR + M * xM
cR
pCellR = ;
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = 7
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cCRM + cMM
cMM
pCellMM =

CR + M + CRR + CRM + CMM
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
XRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+xMM== ,pM=—];
XR + xM
I, xMM
If[xR+xM==0,pM=2—;
XRR + XxRM + xMM
XRM
dRR 5t drR xM
If[xR+xM¢0&&xRR+xRM+xMM¢O,pM: * + * ];
dR + dRR xRR + XRM + xMM dR + dRR xR + xM

step = step + 1;
E

VectpM[ [sample]] = pM;

OutputData[[countData, 1]] = x;
OutputData[[countData, 2]] = pM;
countData = countData + 1;

Resultparameter|[[change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[[countResult, 2]]
countResult = countResult + 1;

X7
Total [VectpM] ;

Print [change]

~e
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1

2
3
4
5
6
7

Output of the data

Plot

Resultparameter

Result

Export["/Users/Bessho/Desktop/workstation/OutputDataFig2a.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFig2a.txt", OutputResult, "Table"];
{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}

{63., 58., 88., 126., 140., 211., 245.}

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotpM[ [change, 1]] = Resultparameter[[change]];

Result [ [change]]
PlotpM|[ [change, 2]] 7

SampleMax
PlotpMlog[ [change, 1]] = Resultparameter|[[change]];

Result [ [change]]
PlotpMlog|[ [change, 2]] =Log[10, ];

E
gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Black}]
gLogNumerical = ListPlot[PlotpMlog, PlotRange -» {{MinV, MaxV}, {-5, 0}},

PlotStyle » {Thickness[0.005], Black}]

SampleMax

PlotpM
0301
0251
0.20F
0.15F
0.10F
005
[ o .
o
PY S S S E N B S
005 0.10 0.15 0.20 025 0.30
T T T T T I [T [ Y T S B
005 0.10 0.15 0.20 025 0.30
ik
. .
2¢ . M
Tl
b
_aF
st

{{-0.015, 0.0063}, {-0.01, 0.0058}, {0, 0.0088},
{0.05, 0.0126}, {0.1, 0.014}, {0.2, 0.0211}, {0.3, 0.0245}}

Wilson score interval (95% Confidence interval)
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i—u

Because the probability variable (where, estimated fixation probability 7z = = and the fixation probability u) approximately depends
n

\/ u(l-u)/n
on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
z2=1.96;
n R 1 2 1 R 1 2 . Result
z= u + *2° -2z % —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Result
Z = u+ *2° + 2% —*u*(l—u)+ *Z /.n- SampleMax /. u» ———
n + z2 2%n n 4 % n? SampleMax

{0.00492754, 0.00448966, 0.00714875, 0.0105934, 0.0118767, 0.0184616, 0.0216476}
{0.00805163, 0.0074899, 0.0108285, 0.0149809, 0.0164966, 0.0241062, 0.0277176}

PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}1;

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}1];

For[change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper|[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[10, z[[change]]];

PlotCIupper[[change, 2]] =Log[10, Z[[change]]];
1;
gCIupperDot = ListPlot[PlotCIupper, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot [PlotCIunder, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

‘ ‘0.‘05‘ = ‘0.‘10‘ - ‘0.‘15‘ = ‘().‘2()‘ - ‘O."ZS‘ - ‘O.‘BO‘

,]}

[ . '
_of L i
ut
Y
4k
L
Log[10, Z]
N[Log[10, PlotpM[[All, 2]]]]
Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunder = ListPlot[PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.09412, -2.12552, -1.96543, -1.82446, -1.78261, -1.61787, -1.55724}
{-2.20066, -2.23657, -2.05552, -1.89963, -1.85387, -1.67572, -1.61083}
{-2.30737, -2.34779, -2.14577, -1.97496, -1.9253, -1.73373, -1.66459}

0.05 0.10 0.15 0.20 0.25 0.30
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PlotCI1l = Table[O, {i, 2}, {j, 2}]1;
PlotCI2 = Table[O, {i, 2}, {j, 2}];
PlotCI3 = Table[O0, {i, 2}, {J, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}1;
PlotCI5 = Table[O0, {i, 2}, {j, 2}1;
PlotCI6 = Table[O, {i, 2}, {j, 2}1;
PlotCI7 = Table[O, {i, 2}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCI1[[1, 1]] = Resultparameter[[1l]];
PlotCI1[[1, 2]] =Log[10, z[[1]]];
PlotCI1[[2, 1]] = Resultparameter[[1l]];
PlotCI1[[2, 2]] =Log[1l0, Z[[1]]];
PlotCI2[[1, 1]] = Resultparameter|[[2]];
PlotCI2[[1, 2]] =Log[10, z[[2]]];
PlotCI2[[2, 1]] = Resultparameter[[2]];
PlotCI2[[2, 2]] =Log[10, Z[[2]]];
PlotCI3[[1, 1]] = Resultparameter[[3]];
PlotCI3[[1, 2]] =Log[10, 2[[3]]1];
PlotCI3[[2, 1]] = Resultparameter[[3]];
PlotCI3[[2, 2]] =Log[10, Z[[3]]1];
PlotCI4[[1, 1]] = Resultparameter[[4]];
PlotCI4[[1, 2]] =Log[10, z[[4]]1];
PlotCI4[[2, 1]] = Resultparameter[[4]];
PlotCI4[[2, 2]] =Log[1l0, Z[[4]]1];
PlotCI5[[1, 1]] = Resultparameter[[5]];
PlotCI5[[1, 2]] =Log[10, z[[5]]];
PlotCI5[[2, 1]] = Resultparameter[[5]];
PlotCI5[[2, 2]] =Log[10, Z[[5]]1];
PlotCI6[[1, 1]] = Resultparameter[[6]];
PlotCI6[[1, 2]] =Log[10, z[[6]]];
PlotCI6[[2, 1]] = Resultparameter[[6]];
PlotCI6[[2, 2]] =Log[1l0, Z[[6]]];
PlotCI7[[1, 1]] = Resultparameter[[7]];
PlotCI7[[1, 2]] =Log[10, z[[7]]1];
PlotCI7[[2, 1]] = Resultparameter[[7]];
PlotCI7[[2, 2]] =Log[1l0, Z[[7]]1];
1;
gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot [PlotCI6, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]

3
]
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Analytical result (Branching process approximation)

Clear([y]

fR=0.5;
AR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELAM = 0;
SELSMM = y;
HETEROSB = 0;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELSM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRN[: ———
BRR
dRR - dRM
SELdRM = ——8M8M8;
dRR
1 SELfM 1
Saverage = — * ( + SELM + SELdAM| + — * (SEL3MM x* HETEROf3 + SELAM » HETEROd)
2 2
/BRR * dRR
EqpH =

;
—“*’32“*‘“‘ + VBRR % dRR

fRx3RxdR
2

Equ = H
—fR*Bz“*"R + VBRR % dRR
AR
FaiR= —;
dr
M
FaiM = H
dMm
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ———;
2
R

f
FaiR2 = — x FaiR;
2

avef
FaiM2 =

* FaiM;
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FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

FaiM2 % FaiRM + % * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 * FaiRR

BPPaiD = ;
FaiM2 x FaiRM + 2 * FaiM2 * W FaiR2 % FaiRR
EqpH 2 x EqoD
BPfix = ——— ¥ BPPaiH + ———— % BPPaibD;
EqpPH + 2 * EqQoD EqpH + 2 * EqoD

gBPfix = Plot [BPfix, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = Plot[Log[10, BPfix], {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

030
0.25}
0.20:—
0.15:—
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0.05 0.10 0.15 020 025 0.30
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Analytical result (Diffusion approximation)
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+/BRR * dRR

Parameters = {SUM - Site, dg » dR, dgg » dRR, Py - ’

' fRx3RxdR
2

Pp =

’ fR«BRxdR | A/BRR % dRR
2

’ —f“*”:*d“ + VBRR * dRR

, sfM > SELfM, sfM - SELAM, sBRM -» SELARM, sBMM -» SELAMM,

sdM » SELdM, sdRM -» SELdRM, sdMM - SELdMM }

Additive = sBMM - 2 * SBRM + sdMM - 2 x* sdRM;
2

Gharmonic =

1 I

drr

a:dR*ﬁH+dRR* (l—ﬁﬂ);

a:

dgr + dgr

2

m=SUM*p* (1 -p) *

v =

0 = Integrate

INI =

DFfixWS =

2 * Saverage + P * Additive

drp A a o
p*(l—p)*(—;*pn+2*—§&*pp)

4

2

E

— /. Parameters, p] ;

4 %Dy * Pp

v

SUM * (By + 2 * Bp)

i

/. Parameters;

Integrate[Exp[-2*Q], {p, O, INI}]

Integrate[Exp[-2*0Q], {p, 0, 1}]

gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» { {MinV, MaxV}, {-0.01, 0.3}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

gLogDFfixWS = Plot [Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

{suM - 100, dg - 0.005, dgg > 0.005, Py > 0.666667, P, > 0.333333,
sfM >0, sfM - 0, SBRM > 0, sBMM >y, sdM - 0, SARM > 0., sdMM - 0 |

0.30

025

0.20

0.15

0.10

0.05

0.05

0.10

P R
0.15

0.20

A
025

0.30
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0.05 0.10 0.15 020 025 0.30

-5

Analytical result (Lineary approximation)

8 % Py * Pp

FixLinear = * Saverage 7

A A dg .~ 4 ~
(pH+2*pD) * (—a&*pﬂ+2*—33*pn)

gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},

PlotRange -» { {MinV, MaxV}, {0, 0.3}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

gLogFixLinear = Plot[Log[10, FixLinear] /. Parameters, {y, MinV, MaxV},

0.30

0.20

0.15

0.10

0.05

PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

0.05 0.10 0.15 020 025 0.30
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Show [gDFfixWS, gBPfix, gFixLinear, gNumerical]

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]
030 r
().25}
().2()}
().]5}

0.10~

005

L 0.05 0.10 0.15 0.20 025 0.30
. . . . . .
005 0.10 0.15 0.20 025 0.30

L
Figure for output

axeslabels = {{-4, "0.0001"}, {Log[10, 0.0005], "0.0005"}, {-3, "0.001"},
{Log[1l0, 0.005], "0.005"}, {-2, "0.01"}, {Log[l0, 0.05], "0.05"}, {-1, "0.1"},
{Log[10, 0.5], "0.5"}, {0, "1"}};

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,

gCI4, gCi5, gCi6, gCI7, gCIunder, gCIupper, PlotRange -» {{-0.05, MaxV}, {-4, 0}},
AxesOrigin - {0, -4}, Ticks -» {Automatic, axeslabels}]

/BRR * dRR

/ —“‘*’52“*"“ + V BRR % dRR

051

0.1

005

0.01

i

0.001

0.0005 —

L L
-0.05 0.05 0.10 0.15 0.20 0.25 0.30

0.666667
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Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCIi5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin-» {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio—» 0.5]

-

05F

0.1r
005

001, = -
0.005 3

0001+
0.0005

0.00 0.05 (1.‘](1 0.15 0.20 025 0.30

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCi5, gCi6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin - {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

-
0.5

0.1
005

001 i}/}/_r_,/"——’_'_'_r
00052

0.001
0.0005

L TS R R L L coe b e b 1y
0.00 0.05 0.10 0.15 0.20 0.25 0.30
= Fig.2(b)

Parameter values

Clear([x]
Site = 100;

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM = 0;
SELwWMM = x;
HETEROw = 0;

fM = fR % (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

WRM - wRR
SELWRM = ———;
wRR

MinV = —0.02;
MaxV =0.31;

1 ( SELfM

Saverage = T *

1
+ SELwM| + — % (SELwWMM * HETEROW)
2

N

0

Out put
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SampleMax = 10 000;

ChangeMax = 6;

OutputData = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulaton

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If [change==1, x=-0.015];
If[change==2, x=-0.01];
If[change =3, x=0];
If[change==4, x=0.05];
If[change==5, x=0.1];
If[change =6, x=0.2];
If [change==7, x=0.3];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

V wRR
i
fR*WR + '\/WH

2

EqPH =

xR = Round [Site * EqoH] ;

xM=0;

xRR = Site - xR;
XRM = 0;

XxMM = 0;

xR 2 * XRR
sampleMutation = RandomVariate [MultinomialDistribution [1 , { ’ }] ] ;
XR + 2% XRR XR + 2 * XRR

xR = xR - sampleMutation[[1]];
xM = xM + sampleMutation[[1]];
xXRR = XRR - sampleMutation[[2]];
XRM = XRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xR.M+xMM==0,pM=—];
XR + xM
R, xMM
If[xR+xM==0, pM:z— ;
XRR + XRM + xMM
XRM
1 T+XMM 1 *M
If[xR+xM;60&&xRR+xRM+xMM;60,pM:—* + — % ];
2 xRR+xRM+xMM 2 xR+ xM

step = 2;
While[o <pM&&pM<1,
wWRM

2
wRM

cR = WRR * XRR +

* XRM;

cM = wMM » xMM + * XRM;
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If[xR==0&& xM==0, cRR=0];
fR

—_— %
2
If[xR=20&& xM==0, cRM=0];

If[xR¢0||xM¢0, CRR =

WR * XR + wM * xM

4

wR? » xR? ]

WR * WM * XR * XM

WR * XR + WM * xM

* ];
WR * XR + WM » xM

wM? » xM?

E

fR + M
If[xn;eo || xM#0, cRM =
2
If[xR==0&& xM==0, cMM = 0] ;
M
If[xR;eo || xXM#0, cMM = — *
2
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = ;
cR + cM + cRR + cRM + cMM
CcRM
pCellRM = ;
cR + cM + cRR + cRM + cMM
cMM
pCellMM: o

r
cR + cM + cRR + CRM + cMM

sampleBirth = RandomVariate[MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = sampleBirth[[1]];
XM = sampleBirth[[2]];
XRR = sampleBirth[[3]];
XRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

xM
If[xRR+xRM+xMM== ,pM:—];
xR + xM
R, xMM

If[xR+xM==O,pM= 2

1
If|xR+xM# 0 && XRR + XRM + xMM # 0, pM = — &

step = step + 1;
E

VectpM[ [sample] ] = pM;

_;
XRR + XxRM + xMM

OutputData[[countData, 1]] = x;

OutputData[ [countData, 2]] = pM;

countData = countData + 1;

[E—
~e

Resultparameter[[change]] = x;

XRM . xMM 1
2
—_— + — %
2 xRR+ XRM + xMM 2

Result[ [change]] = Total [VectpM];

OutputResult[ [countResult, 1]]
OutputResult[ [countResult, 2]]
countResult = countResult + 1;

Print [change]

~e

X7
Total [VectpM] ;

xM

XR + xM

]

4



2
3
4
5
6
7

Output of the data

Plot

Resultparameter
Result
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Export["/Users/Bessho/Desktop/workstation/OutputDataFig2b.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFig2b.txt", OutputResult, "Table"];

{-0.015, -0.01, 0, 0.05, 0.1, 0.2, 0.3}
(54, 63, 89, 176, 276, 362, 483}

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM[ [change, 1]] = Resultparameter[[change]];

Result[ [change]]
PlotpM|[ [change, 2]] ;

SampleMax
PlotpMlog[ [change, 1]] = Resultparameter|[[change]];

Result [ [change]]
PlotpMlog[ [change, 2]] =Log[10, ];

E

SampleMax

gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},

PlotStyle » {Thickness[0.005], Black}]

gLogNumerical = ListPlot [PlotpMlog, PlotRange » { {MinV, MaxV}, {-4, 0}},

PlotStyle » {PointSize[0.015], Black}]
PlotpM

04

021
0.1

oo ® Y
0.05 0.10 0.15 0.20 025 0.30

P P S TS SR B A
0.05 0.10 0.15 020 025 0.30

4L

27 63 89
{{-0.015, 5566}’ {001, 10000}' o 10000}'

1 69 181 483
[0.05, EEE}' [o.1, 5555}' fo.2, 5555}' fo.3, 10000}}

Wilson score interval (95% Confidence interval)
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i—u

Because the probability variable (where, estimated fixation probability 7z = = and the fixation probability u) approximately depends
n

\/ u(l-u)/n
on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
z2=1.96;
n R 1 2 1 R 1 2 . Result
z= u + *2° -2z % —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Result
Z = u+ *2° + 2% —*u*(l—u)+ *Z /.n- SampleMax /. u» ———
n + z2 2%n n 4 % n? SampleMax

{0.0041413, 0.00492754, 0.00723849, 0.0152018, 0.024566, 0.0327134, 0.0442685}
{0.00703857, 0.00805163, 0.0109387, 0.0203687, 0.0309969, 0.0400428, 0.0526785}

PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}1;

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}1];

For[change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper|[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] =Log[10, z[[change]]];

PlotCIupper[[change, 2]] =Log[10, Z[[change]]];
1;
gCIupperDot = ListPlot[PlotCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot [PlotCIunder, PlotRange -» {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gLogNumerical, gCIunderDot, gCIupperDot]

‘ ‘0.‘05‘ = ‘0.‘10‘ - ‘0.‘15‘ = ‘().‘2()‘ - ‘O."ZS‘ - ‘O.‘BO‘

af

[ ]

[}

[ [

s #
38
Sl
L
Log[10, Z]
N[Log[10, PlotpM[[All, 2]]]]
Log[10, z]

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunder = ListPlot [PlotCIunder, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"-"}];

Show [gLogNumerical, gCIunder, gCIupper]

{-2.15252, -2.09412, -1.96103, -1.69104, -1.50868, -1.39748, -1.27837}
{-2.26761, -2.20066, -2.05061, -1.75449, -1.55909, -1.44129, -1.31605}
{-2.38286, -2.30737, -2.14035, -1.8181, -1.60967, -1.48527, -1.35391}

0.05 0.10 0.15 0.20 0.25 0.30




PlotCI1l = Table[O, {i, 2}, {j, 2}]1;
PlotCI2 = Table[O, {i, 2}, {j, 2}];
PlotCI3 = Table[O0, {i, 2}, {J, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}1;
PlotCI5 = Table[O0, {i, 2}, {j, 2}1;
PlotCI6 = Table[O, {i, 2}, {j, 2}1;
PlotCI7 = Table[O, {i, 2}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCI1[[1, 1]] = Resultparameter[[1l]];
PlotCI1[[1, 2]] =Log[10, z[[1]]];
PlotCI1[[2, 1]] = Resultparameter[[1l]];
PlotCI1[[2, 2]] =Log[1l0, Z[[1]]];
PlotCI2[[1, 1]] = Resultparameter|[[2]];
PlotCI2[[1, 2]] =Log[10, z[[2]]];
PlotCI2[[2, 1]] = Resultparameter[[2]];
PlotCI2[[2, 2]] =Log[10, Z[[2]]];
PlotCI3[[1, 1]] = Resultparameter[[3]];
PlotCI3[[1, 2]] =Log[10, 2[[3]]1];
PlotCI3[[2, 1]] = Resultparameter[[3]];
PlotCI3[[2, 2]] =Log[10, Z[[3]]1];
PlotCI4[[1, 1]] = Resultparameter[[4]];
PlotCI4[[1, 2]] =Log[10, z[[4]]1];
PlotCI4[[2, 1]] = Resultparameter[[4]];
PlotCI4[[2, 2]] =Log[1l0, Z[[4]]1];
PlotCI5[[1, 1]] = Resultparameter[[5]];
PlotCI5[[1, 2]] =Log[10, z[[5]]];
PlotCI5[[2, 1]] = Resultparameter[[5]];
PlotCI5[[2, 2]] =Log[10, Z[[5]]1];
PlotCI6[[1, 1]] = Resultparameter[[6]];
PlotCI6[[1, 2]] =Log[10, z[[6]]];
PlotCI6[[2, 1]] = Resultparameter[[6]];
PlotCI6[[2, 2]] =Log[1l0, Z[[6]]];
PlotCI7[[1, 1]] = Resultparameter[[7]];
PlotCI7[[1, 2]] =Log[10, z[[7]]1];
PlotCI7[[2, 1]] = Resultparameter[[7]];
PlotCI7[[2, 2]] =Log[1l0, Z[[7]]1];
1:
gCIl = ListPlot[PlotCIl, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4 = ListPlot[PlotCI4, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot [PlotCI6, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI7 = ListPlot[PlotCI7, PlotRange » {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
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Show [gLogNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCIunder, gCIupper]
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Fixation probability from branching process approximation

Clear([y]

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM = 0;
SELWMM = y;
HETEROw = 0;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wRM = wRR » (1 + HETEROW » SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = ——8M8M;
wWRR
1 SELfM 1
Saverage = T * ( + SELwM| + — * (SELWMM » HETEROW)
2 2
WRR
Equ = ;
mem, \fuRR
fR*WR
2
Equ = ;
fR*wR " WRR
2
fM + fR
avef = ——;
2
fR * wR
W= —— % EqoH + WRR » EqoD;
2
avef » wM
EqD4a =1 - PH - Exp[—PD* —] ;
w
wWRM
EqD4b=1—PD—Exp[—PH* ];
2W

RepeatMax = 200;

ResultH = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultD = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
ResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}1;
LogResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
repeat = 0;

For[repeatl =1, repeatl < RepeatMax + 1, repeatl = repeatl +1,

repeat = repeat + 1;
(MaxV - 0)
x1=0+ — % (repeatl - 1);
RepeatMax
CondH = EqD4a /. y -» x1;
CondD = EqD4b /. y -» x1;
sol = Solve[CondH == 0 && CondD == 0 && O < PH && PH< 1 && O < PD & PD< 1, {PH, PD}, Reals];
BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];
ResultH[ [repeat, 1]] = x1;
ResultD[ [repeat, 1]] = x1;
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ResultBPfix[[repeat, 1]] = x1;
LogResultBPfix [ [repeat, 1]] = x1;
ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH 2 x EqpD
ResultBPfix[[repeat, 2]] = —————— *BPPaiH + ——————— % BPPaiD;
EqpH + 2 * EqoD EqpH + 2 * EqoD
EqpH 2 * EqpD
LogResultBPfix [ [repeat, 2]] = Log [10, ——————— *BPPaiH+ ————— & BPPaiD] ;
EqpH + 2 * EgoD EqpH + 2 * EgoD

K
gBPfix = ListPlot [ResultBPfix, Joined » True, PlotRange -» {{0, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]
gLogBPfix = ListPlot [LogResultBPfix, Joined » True, PlotRange » {{0, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

0
Solve:ratnz : Solve[JEE CRVVEABDAZR < CENTEERATUR. BENN T 2HMBREMRE, BREHECERTZETESNELE. >
Solve:ratnz : SolveJEZ CRVMABDRERB ZENTEEFLATUE. BENLT 2REBRERS, BREMWECTIRTZLTHELENELE. >
Solve::ratnz : SolveFEBA CRVMEAHMDRZEM ZENTEFRATLUL. BENET 2BBAZRE, BREMNECTIRTZLTELNELE. >

General::stop : ZOFTEH(T, SolverratnzOZ M EDEHERTEINELA. >

04
03
02

0.1

0.05 0.10 0.15 0.20 0.25 0.30

P S RS N T R SRR
0.05 0.10 0.15 0.20 025 0.30

4L

Fixation probability from diffusion approximation
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fR+wR
wWRR R 2

Parameters = {SUM - Site, py > s Dp = , sfM - SELfM,

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }

sfM

Spet = + SWM + swRM;

Additive = swMM - 2 * SWRM;

Spet + P * Additive
m=SUM*px* (1 -p) * ;

2
p* (1-p) * (Bu+2*75p)
v = = = ;
8 % Py * Dp

m
Q= Integrate[— /. Parameters, p] ;

v

1

INI = / . Parameters;

SUM * (51{ +2 *ﬁD)
Integrate[Exp[-2*0Q], {p, O, INI}]

Integrate[Exp[-2*0Q], {p, 0, 1}]
gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]
gLogDFfixWS = Plot[Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-4, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

DFfixWS =

{SUM—> 100, Py > 0.666667, pp > 0.333333, sfM—-> 0, swM—> 0, swRM- 0, stMey}

O'Aj
0.3}
().2}
ot

I I I I I I
0.05 0.10 0.15 0.20 025 0.30

0.05 0.10 0.15 0.20 0.25 030

1k

L

4L

Analytical result (Lineary approximation)
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. . 8 % Dy * Dp
FixLinear = ———— % Spet/
(131-1 + 2% st) 2
gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.4}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio - 0.75]
gLogFixLinear = Plot[Log[10, FixLinear /. Parameters], {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-4, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

04

0.05 0.10 0.15 020 025 030

I I I I I I
0.05 0.10 0.15 0.20 025 0.30

b
Show[gDFfixWS, gBPfix, gFixLinear, gNumerical]
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical]

04

03

0.1

4L

Figure for output
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axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},

{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},

{-2, "0.01"}, {Log[l0, 0.05], "0.05"}, {-1, "0.1"}, {Log[l0, 0.5], "0.5"}, {0, "1"}}
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCi5, gCi6, gCi7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin - {0, -4}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.5]

wRR
fR*WR
\ ’ T + VwRR
1
051
0.1
005+ .
0ol [/-/L”_M
Y.
0,001~
0.0005
- — ‘().‘()5‘ - ‘().‘I()‘ - ‘(L‘IS‘ - ‘1).‘21)‘ - ‘().‘25‘ - ‘().‘3()‘
0.666667

Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl1, gCI2, gCI3,
gCIi4, gCIi5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin-» {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio-» 0.5]

1r
051

0.1r
0051 [

001 /_—_"_P_d
0.005 2%

0.001
0.0005

-
0.20 0.25 030

‘()A‘()()‘ ‘(].‘(]5 ‘().‘l()‘ ‘().‘I 5‘
Show [gLogDFfixWS, gLogBPfix, gLogFixLinear, gLogNumerical, gCIl, gCI2, gCI3,
gCIi4, gCI5, gCI6, gCI7, gCIunder, gCIupper, PlotRange -» {{MinV, MaxV}, {-4, 0}},
AxesOrigin-» {-0.02, -4}, Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]
-
05K

005

001
0.005

0.001
0.0005

()A‘()() (].‘(]5 (].‘I 0 0.‘] 5 [).‘2[) ‘).‘25 (]]3(]
= Fig.3(a)

Parameter values
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Clear([x]
fR=0.5;
BR = 1000;
BRR = 1000;
dR =0.005;
dRR = 0.005;

SELfM = 0;
SELSM = 2 % X;
SELBMM = 0;
HETEROB =0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BAM = BR* (1 + SELM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELSMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELdMM) ;

BRM - BRR
SELBRM = —————;
BRR
dRR - dRM
SELdRM = —————;
dRR

MinV =-0.02;
MaxV = 0.21;

Saverage = — *

1 SELfM 1
( + SELSM + SELdAM| + — * (SELSMM * HETEROf3 + SELAM * HETEROAd)
2

N

0. +x
Simulationl (N = 10)

SampleMax = 10000;

ChangeMax = 4;

OutputDatalO = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResultlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Site = 10;

VectpM = Table[0, {SampleMax}];
ResultparameterlO = Table[0, {ChangeMax + 1}];
Resultl0 = Table[0, {ChangeMax + 1}];

change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.01];
If[change =2, x=0];
If[change==3, x=0.05];
If[change==4, x=0.1];
If[change==5, x=0.2];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,
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/BRR * dRR

EqpH = ;

’ f“*’iﬂ + VBRR # dRR

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
XxMM = 0;

) . . . . . . xR 2 x* XRR
sampleMutation = RandomVariate [Mult:.nom:.alDJ.strJ.butJ.on [1 ’ { ’ }] ]
XR + 2% xXxRR  XR + 2 » XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM== , pM:—];
xR + xM
IR, xMM

If[xR+xM==0, pMm= —2 |,

r
XRR + XxRM + xMM

XRM MM
dRR , tX dr xM
If[xR+xM¢0&&xRR+xRM+xMM;EO,pM: * + * ];
dR+dRR xRR+ xRM+xMM dR +dRR xR + xM

step = 2;
while[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * XR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dM * xM
pDeathM = ;
dR * xR + dM * xM + dRR * XxRR + dRM * xRM + dMM * xMM
dRR * XRR
pDeathRR = H
dR * xR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dRM * xRM
pDeathRM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + ARR * XRR + dRM % XRM + dMM » xMM _
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
%R = XR - sampleDeath[[1]];
XM = XM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = XxRM - sampleDeath[[4]];
XMM = XxMM - sampleDeath[[5]];

BRM

cR = BRR * XRR + * XRM;

BRM
cM = MM % xMM +

* XRM;

If[xR==0&& xM==0, cRR=0];
fR BR? % xR?
If[xR#O || xXM# 0, cRR = —*—]
2 BR * XR + M % XM
If[xR=2=0&& xM==0, cRM=0];
fR + £M BR*BM*XR*XM]
* .

r

4

If[xR¢0||xM¢0, CcRM =
2 BR * xR + M % XM

If[xR==0&& xM==0, cMM = 0] ;
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M BM? % xM?
If(xR#0 || xM# 0, cMM = —*—];
2 BR * XR + M * XM
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
pCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
pPCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = .

cR+cM+cRR+cRM+cMM,
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
xM = xM + sampleBirth[[2]];
%RR = xRR + sampleBirth[[3]];
XRM = xRM + sampleBirth[[4]];
xXMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+leM== ,pM:—];
XR + xM
%+xMM
If[xR+xM==O, pM=z ——8M8M8 |;
XRR + XRM + xXMM
XRM
dRR 5 txMM dr xM
If[xR+xM¢0&&xRR+xRM+xMM;£0,pM: * + * ];
dR+dRR xRR + XRM + xXMM dR + dRR xR + xM

step = step + 1;
E
VectpM[ [sample] ] = pM;

OutputDatalO[ [countData, 1]]
OutputDatalO[ [countData, 2]]
countData = countData + 1;

]
LI
E\.

—_
~e

ResultparameterlO[ [change]] = x;
ResultlO[ [change]] = Total [VectpM];

OutputResultlO[ [countResult, 1]]
OutputResultlO[ [countResult, 2]]
countResult = countResult + 1;

Xj
Total [VectpM] ;

Print [change]

~e



132 | SupplementaryFile.nb

Out put
OutputDatalOO = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResultl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];
countData =1;
countResult = 1;

Simulation
Site =100;
VectpM = Table[0, {SampleMax}];
Resultparameterl00 = Table[0, {ChangeMax + 1}];
Resultl00 = Table[0, {ChangeMax + 1}];
change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change =1,
If[change == 2,

x=-0.01];
X

If[change==3, x=0.05];
X
X

1
o
~e

If [change == 4,
If[change == 5,

sample =1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqpPH = H

/ fR+fRxdR | A/BRR % dRR
2

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

xR 2 * XxRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { ’ }] ] ;
xR+ 2% xRR  XR + 2 * XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
xRR = XRR - sampleMutation[[2]];
xRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM:=0, pPM = —];
XR + xM
%+xm\4
If[xR+xM== , pPM= ——8M8 ™ | ;
XRR + XRM + xMM
XRM
dRR Tt xMM dr xM
If[xR+xM¢O&&xRR+xRM+xMM¢0,pM: * + * ];
dR + dRR xXRR + XRM + xMM dR + dRR xR + XM

step = 2;
While[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * xR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dM * xM
pDeathM =

dR*xR+dM*xM+dRR*xRR+dRM*xRM+dm/I*xMM,
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dRR * XRR
pDeathRR = H
dR * XR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dRM % XRM
pDeathRM = i
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + dRR % XRR + ARM % XRM + dMM % xMM
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
xR = xR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = xRM - sampleDeath[[4]];
XMM = XMM - sampleDeath[[5]];

cR = BRR * XRR + * XRM;

BRM

cM = SMM % XxMM + * XRM;

If[xR=-0&& xM==0, cRR=0];

fR BR? % xR?
T£[xR#0 || xM#0, CRR= — % ———————|
2

4

BR * xR + BM * xM
If[xR=-0&& xM==0, cRM=0];

fR+ fM SR * M * XR % XM
If[xR#OllxM#O,cRM: * ];
2 BR * XR + M * xM
If[xR==0&& xM==0, cMM = 0] ;
M BM2 % xM?
If[xR#OllxM;éO, cMM:—*—];
2 BR * xR + M % XM
cR
pCellR = H
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
PCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM,
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
xXRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+leM== ,pM:—];
XR + xM
I, xMM
If[xR+xM==0,pM=2—;
XRR + xRM + xMM
XRM
dRR 5 txMM drR xM
If[xR+xM¢0&&xRR+xRM+xMM¢0,pM: * + * ];
dR +dRR xXRR + XRM + xMM dR + dRR xR + xM

step = step + 1;
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[—
~e

VectpM[ [sample]] = pM;

OutputDatalOO[ [countData, 1]]
OutputDatalOO[ [countData, 2]]
countData = countData + 1;

non
o X
5 ~

Resultparameterl00[ [change]] = x;
Resultl00[ [change]] = Total [VectpM];

OutputResultl00[ [countResult, 1]] = x;
OutputResultl00[ [countResult, 2]] = Total [VectpM];

countResult = countResult + 1;

Print [change]

E

v W N

Output of the data

ResultparameterlO

Resultl0

Resultparameterl100

Resultl100

Export["/Users/Bessho/Desktop/workstation/OutputDataFig3a_10.txt", OutputDatalO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3a_10.txt", OutputResultloO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputDataFig3a_100.txt", OutputDatalOO0,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3a_100.txt",
OutputResultl00, "Table"];

{-0.01, 0, 0.05, 0.1, 0.2}

{709., 725., 973., 1204., 1683.}

{-0.01, 0, 0.05, 0.1, 0.2}

{35., 65., 413., 895., 1522.}

Plot
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PlotpM10 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpM100 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMloglO = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlogl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM10[ [change, 1]] = ResultparameterlO[ [change]];

ResultlO[ [change]]
PlotpM10[ [change, 2]] = ;

SampleMax
PlotpM100[ [change, 1]] = Resultparameterl00[ [change]];

Resultl00[ [change]]
PlotpM100[ [change, 2]] = ;

SampleMax
PlotpMloglO[ [change, 1]] = ResultparameterlO[[change]];
Resultl0[ [change]] ]

4

PlotpMloglO[ [change, 2]] = Log[lO, S Lo
ampleMax

PlotpMloglOO[ [change, 1]] = Resultparameterl00[[change]];
Resultl00[ [change]] ]

’

PlotpMlogl00[ [change, 2]] = Log [10,

E

gNumericallO = ListPlot [PlotpM10, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Black}, AspectRatio—» 0.75];
gNumericallOO = ListPlot [PlotpM100, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Black}, AspectRatio-» 0.75];
gLogNumericallO = ListPlot [PlotpMlogl0O, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}]
gLogNumericallOO = ListPlot[PlotpMlogl00, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}]
PlotpM10
PlotpM100

SampleMax

L L L L
0.05 0.10 0.15 0.20

S S S S S R}
0.05 0.10 0.15 0.20

{{-0.01, 0.0709}, {0, 0.0725}, {0.05, 0.0973}, {0.1, 0.1204}, {0.2, 0.1683}}
{{-0.01, 0.0035}, {0, 0.0065}, {0.05, 0.0413}, {0.1, 0.0895}, {0.2, 0.1522}}

Wilson score interval (95% Confidence interval)

u-u

v u(l-u)/n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

Because the probability variable (where, estimated fixation probability # = = and the fixation probability u) approximately depends
n
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z=1.96;
n R 1 2 1 R 1 2 . Resultl0
z10 = u + *2° -z % —*u*(l—u) + * Z /.n- SampleMax /. Uu» ——
n + z?2 2x%n n 4 xn? SampleMax
n R 1 2 1 R 1 2 . Resultl0
z10 = u + *2° + 2% —*u*(l—u) + *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Resultlo0
z100 = u + *2° -z % —*u*(l—u) + *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Resultloo
z100 = u+ *2° + 2% —*u*(l—u) + *Z /.n- SampleMax /. u» ———
n+ z2 2%n n 4 % n? SampleMax

{0.0660326, 0.0675799, 0.0916449, 0.114167, 0.161095}
{0.076097, 0.0777484, 0.103264, 0.126925, 0.17576}
{0.00251776, 0.00510339, 0.0375728, 0.0840614, 0.145293}
{0.00486356, 0.00827563, 0.0453794, 0.0952539, 0.159374}
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PlotCIunderlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIupperlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIunderlO[[change, 2]] =Log[10, z10[[change]]];

PlotCIupperlO[ [change, 2]] = Log[lO, z10[ [change]] ] ;

E

Log[lO, m]

N[Log[10, PlotpM10O[[All, 2]]]]

Log[10, z10]

gCIupperl0 = ListPlot[PlotCIupperl0, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderlO = ListPlot [PlotCIunderl0, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI1410 = Table[0, {i, 2}, {i, 2}1;
PlotCI2410 = Table[0, {i, 2}, {j, 2}]1;
PlotCI3410 = Table[0, {i, 2}, {j, 2}1;
PlotCI4410 = Table[0, {i, 2}, {j, 2}];
PlotCI5410 = Table[O, {i, 2}, {j, 2}];
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI1410[[1, 1]] = ResultparameterlO0[[1]];
PlotCI1410[[1, 2]] =Log[10, z10[[1]]];
PlotCI1410[[2, 1]] = Resultparameterl0[[1]];
PlotCI1410[[2, 2]] =Log[10, z10[[1]]];
PlotCI2410[[1, 1]] = Resultparameterl0[[2]];
PlotCI2410[[1, 2]] =Log[10, z10[[2]]1];
PlotCI2410[[2, 1]] = Resultparameterl0[[2]];
PlotCI2410[[2, 2]] =Log[10, z10[[2]]];
PlotCI3410[[1, 1]] = Resultparameterl0[[3]];
PlotCI3410[[1, 2]] =Log[10, z10[[3]]];
PlotCI3410[[2, 1]] = Resultparameterl0[[3]];
PlotCI3410[[2, 2]] = Log[10, zIO[[3]]];
PlotCI4410[[1, 1]] = Resultparameterl0[[4]];
PlotCI4410[[1, 2]] =Log[10, z10[[4]]];
PlotCI4410[[2, 1]] = Resultparameterl0[[4]];
PlotCI4410[[2, 2]] =Log[10, z10[[4]]];
PlotCI5410[[1, 1]] = Resultparameterl0[[5]];
PlotCI5410[[1, 2]] =Log[10, z10[[5]111;
PlotCI5410[[2, 1]] = ResultparameterlO[[5]];
PlotCI5¢10[[2, 2]] = Log[10, z10[[5]]];
E
gCI1410 = ListPlot[PlotCI1410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2410 = ListPlot [PlotCI2410, PlotRange - { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI3410 = ListPlot [PlotCI3410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4410 = ListPlot[PlotCI4410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5410 = ListPlot [PlotCI5410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
Show [gLogNumericallO, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderloO,
gCIupperlO]
{-1.11863, -1.10931, -0.98605, -0.896454, -0.75508}
{-1.14935, -1.13966, -1.01189, -0.919374, -0.773916}

{-1.18024, -1.17018, -1.03789, -0.94246, -0.792919}
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PlotCIunderl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIupperl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIunderl00[[change, 2]] =Log[10, z100[ [change]]];

PlotCIupperl00[ [change, 2]] = Log[lO, z100[ [change]] ] ;

E

Log[lO, W]

N[Log[10, PlotpM100[[All, 2]]]]

Log[10, z100]

gCIupperl00 = ListPlot[PlotCIupperl00, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderl00 = ListPlot [PlotCIunderl100, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI14100 = Table[0, {i, 2}, {j, 2}1;
PlotCI24100 = Table[0, {i, 2}, {j, 2}1;
P1lotCI34100 = Table[0, {i, 2}, {j, 2}1;
PlotCI44100 = Table[O, {i, 2}, {j, 2}];
PlotCI54100 = Table[0, {i, 2}, {j, 2}1;
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI14100[[1, 1]] = Resultparameter100[[1]];
PlotCI14100[[1, 2]] =Log[10, z100[[1]]];
PlotCI14100[[2, 1]] = Resultparameterl00[[1]];
PlotCI14100[[2, 2]] = Log[10, zI00[[1]]];
PlotCI24100[[1, 1]] = Resultparameterl00[[2]];
PlotCI24100[[1, 2]] = Log[10, z100[[2]]];
PlotCI24100[[2, 1]] = Resultparameter100[[2]];
PlotCI24100[[2, 2]] = Log[10, z100[[2]]];
PlotCI34100[[1, 1]] = Resultparameter100[[3]];
PlotCI34100[[1, 2]] =Log[10, z100[[3]]];
PlotCI34100[[2, 1]] = Resultparameterl00[[3]];
PlotCI34100[[2, 2]] = Log[10, zI00[[3]]];
PlotCI44100[[1, 1]] = Resultparameter100[[4]];
PlotCI44100[[1, 2]] =Log[10, z100[[4]]];
PlotCI44100[[2, 1]] = Resultparameterl100[[4]];
PlotCI44100[[2, 2]] = Log[10, z100[[4]]];
PlotCI54100[[1, 1]] = Resultparameterl00[[5]];
PlotCI54100[[1, 2]] = Log[10, z100[[5]11];
PlotCI54100[[2, 1]] = Resultparameter100[[5]];
PlotCI5#100[[2, 2]] = Log[10, z100[[5]]];
]:
gCI14100 = ListPlot [PlotCI14100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI24100 = ListPlot [PlotCI24100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI34100 = ListPlot [PlotCI34100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI44100 = ListPlot [PlotCI44100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI54100 = ListPlot [PlotCI54100, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumericall00, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00]
{-2.31305, -2.0822, -1.34314, -1.02112, -0.797582}
{-2.45593, -2.18709, -1.38405, -1.04818, -0.817585}

{-2.59899, -2.29214, -1.42513, -1.0754, -0.837755}
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st
Analytical result (Branching process approximation)

Clear([y]

fR=0.5;
BR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELSM =2 xYy;
SELMM = 0;
HETERORB = 0.5;
SELAM = 0;
SELdAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BAM = BR* (1 + SELM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
AMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELdMM) ;

BRM - SRR
SELBSRM = ———— ;
BRR
dRR - dRM
SELdRM = ———;
dRR
1 SELfM 1
Saverage = — * ( + SELAM + SELAM| + — % (SELAMM * HETEROpB + SELAM %+ HETEROd)
2 2
4/ BRR % dRR
EqpPH = H

—fR*BZR*"R + VBRR % dRR

fR*x3R*dR
2

EqoED = ;

—fR*Bz“*dR + VBRR % dRR

., _BR
FaiR = H
dR
AM
FaiM = —;
dM
BRR
FaiRR = ;

dRR
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BRM
FaiRM = —;

dRM

fM + fR
avef = ——;
2

fR
FaiR2 = — x FaiR;

2

avef
FaiM2 = * FaiM;

FaiM2 x FaiRM - FaiR2 x FaiRR
BPPaiH = ;

FaiM2 » FaiRM + % » VFaiR2 » FaiRR

FaiM2 x FaiRM - FaiR2 x FaiRR

BPPaiD = i
FaiM2 x FaiRM + 2 x FaiM2 x WV FaiR2 x FaiRR
EqpH 2 » EqoD
BPfix = ——————— x BPPaiH + ——————— x BPPaibD;
EqpH + 2 * EQoD EqpH + 2 * EQoD

gBPfix = Plot [BPfix, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {0, 0.2}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = Plot[Log[10, BPfix], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]

0. +y

0.20

5L

Analytical result (Diffusion approximation)
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Site = 10;
. / BRR % dRR
Parameters = {SUM - Site, dg » dR, dgr » dRR, Dy - ,
[ —“‘*’32“*‘“‘ + W BRR % dRR
fR*3RxdR
2
Pp > , sfM » SELfM, sBM -» SEL3M, sBRM —» SELBRM, sBMM - SELAMM,

’ —f“*ﬁz“*"“ + VBRR % dRR

sdM —» SELAM, sdRM - SELARM, sdMM - SELAMM }

Additive = sBMM - 2 * SBRM + sdMM - 2 * sdRM;

2
Qharmonic = i;
dr  drr
a=dR*5H + dgg * (1 ‘51-1);
— Gg +dgr
d=———;
2
2 % Saverage + P * Additive  dy.rmonic
m=SUM*p#* (1 -p) * * H
2 d

P*x (1-p) * (dR*ﬁﬂ +2 *dRR*isD) dharmonic
v = * d

~ ~ ~ _’
Pu * Pp 4xdxd

m
Q= Integrate[— /. Parameters, p] ;
v

INI = / . Parameters;
SUM * (51{ +2 *5D)

Integrate[Exp[-2*0Q], {p, O, INI}]
DFfixWS10 = ;

Integrate[Exp[-2*0Q], {p, 0, 1}]
gDFfixWS10 = Plot [DFfixWS10, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]
gLogDFfixWS10 = Plot[Log[10, DFfixWS10], {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]

{suM - 10, dg > 0.005, dgr > 0.005, Py~ 0.666667, pp— 0.333333,
sfM-> 0, sfpM> 2y, sBRM—> 0., sBMM - 0, sdM—> 0, sdRM > 0., deMaO}

0.20

0.10

0.05
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-5

Site =100;
~ V BRR % dRR
Parameters = {SUM - Site, dg » dR, dggr » dRR, Dy - ,
’ —f“*”:*d“ + VBRR « dRR
fRx3RxdR
2
f)D - , sfM -» SELfM, sf3M - SEL3M, sf3RM - SELBRM, s3MM - SELBMM,

’ fR+fRxdR | +/BRR * dRR
2

sdM » SELdM, sdRM -» SELdRM, sdMM - SELdMM }

Additive = sBMM - 2 * SBRM + sdMM - 2 x* sdRM;

2
Gharmonic = ﬁ;
dr  drr
a:dR*§H+dRR* (1—5H);
_  dr + dgrr
d=——;
2

2 Saverage + p * Additive
2 i
p*(1-p)=* (%&*ﬁn+2*g§3*ﬁb)
VvV =

m=SUMxp* (1 -p) *

.
I

4 % Dy * Pp

m
0 = Integrate [ — /. Parameters, p] ;
v
1
INI = /. Parameters;
SUM * (f)H +2 *f)D)

Integrate[Exp[-2*0Q0], {p, O, INI}]

Integrate[Exp[-2*Q], {p, 0, 1}]
gDFfixWS100 = Plot [DFfixWS100, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]
gLogDFfixWS100 = Plot [Log[10, DFfixWS100], {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Blue},
AspectRatio -» 0.75]

DFfixWS100 =

{suM- 100, dg > 0.005, dgg > 0.005, Py > 0.666667, P, > 0.333333,
sfM- 0, sBM—> 2y, sBRM - 0., SAMM >0, sdM—> 0, sdRM - 0., sdMM - 0}



144 | SupplementaryFile.nb

-5

Analytical result (Lineary approximation)

8 % Py * Pp

FixLinear =

([)H+2*[5D)*(Ed_&*ﬁﬂ+2*

gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.2}}, PlotStyle » {Thickness[0.005], Black, Dashed},

AspectRatio - 0.75]

gLogFixLinear = Plot[Log[10, FixLinear] /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},

AspectRatio -» 0.75]

020

e B e R
N\,

0.05

L e e e R
\

-4
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Show [gDFfixWS10, gDFfixWS100, gBPfix, gFixLinear, gNumericallO, gNumericallOO0]
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericallOO0]

020

T T Y S S S
0.05 0.10 0.15 0.20

—r——

-5

Figure for output

axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},
{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},
(-2, "0.01"}, {Log[10, 0.05], "0.05"}, {-1, "0.1"}, {Log[10, 0.5], "0.5"}, {0, "1"}};

Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange » {{MinV, MaxV}, {-5, 0}}, AxesOrigin - {0, -5},

Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

/BRR * dRR

/f“*ﬁzﬂ + VBRR # dRR

0.001
0.0005

0.0001
0.00005 |-

S S E R S S E B
0.05 0.10 0.15 0.20

0.666667
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Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange » {{MinV, MaxV}, {-4, 0}}, AxesOrigin-» {-0.02, -4},
Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

.

05

0.1
0.05

001
0.005

0.001
0.0005

0.00 0.05 0.10 0.15 0.20
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl0O0,
gCIupperl00, PlotRange -» {{MinV, MaxV}, {-5, 0}}, AxesOrigin - {-0.02, -5},
Ticks » {Automatic, axeslabels}, AspectRatio » 0.75]
.

05

0.1
0.05

001
0.005

0.001
0.0005

0.0001
0.00005

ResultlO
ol o

SampleMax
Result100
¥ Sompronan]

SampleMax
{0.0709, 0.0725, 0.0973, 0.1204, 0.1683}

{0.0035, 0.0065, 0.0413, 0.0895, 0.1522}
= Fig.3(b)

Parameter values
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Clear([x]
fR=0.5;
BR = 1000;
BRR = 1000;
dR =0.005;
dRR = 0.005;

SELfM = 0;
SELBM = 0;
SELSMM = 4 * X;
HETEROB =0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BAM = BR* (1 + SELM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELSMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELdMM) ;

BRM - BRR
SELBRM = —————;
BRR
dRR - dRM
SELdRM = —————;
dRR

MinV =-0.02;
MaxV = 0.21;

Saverage = — *

1 SELfM 1
( + SELSM + SELdAM| + — * (SELSMM * HETEROf3 + SELAM * HETEROAd)
2

N

1.x
Simulationl (N = 10)

SampleMax = 10000;

ChangeMax = 4;

OutputDatalO = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResultlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Site = 10;

VectpM = Table[0, {SampleMax}];
ResultparameterlO = Table[0, {ChangeMax + 1}];
Resultl0 = Table[0, {ChangeMax + 1}];

change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.01];
If[change =2, x=0];
If[change==3, x=0.05];
If[change==4, x=0.1];
If[change==5, x=0.2];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,
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/BRR * dRR

EqpH = ;

’ f“*’iﬂ + VBRR # dRR

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
XxMM = 0;

) . . . . . . xR 2 x* XRR
sampleMutation = RandomVariate [Mult:.nom:.alDJ.strJ.butJ.on [1 ’ { ’ }] ]
XR + 2% xXxRR  XR + 2 » XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM== , pM:—];
xR + xM
IR, xMM

If[xR+xM==0, pMm= —2 |,

r
XRR + XxRM + xMM

XRM MM
dRR , tX dr xM
If[xR+xM¢0&&xRR+xRM+xMM;EO,pM: * + * ];
dR+dRR xRR+ xRM+xMM dR +dRR xR + xM

step = 2;
while[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * XR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dM * xM
pDeathM = ;
dR * xR + dM * xM + dRR * XxRR + dRM * xRM + dMM * xMM
dRR * XRR
pDeathRR = H
dR * xR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dRM * xRM
pDeathRM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + ARR * XRR + dRM % XRM + dMM » xMM _
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
%R = XR - sampleDeath[[1]];
XM = XM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = XxRM - sampleDeath[[4]];
XMM = XxMM - sampleDeath[[5]];

BRM

cR = BRR * XRR + * XRM;

BRM
cM = MM % xMM +

* XRM;

If[xR==0&& xM==0, cRR=0];
fR BR? % xR?
If[xR#O || xXM# 0, cRR = —*—]
2 BR * XR + M % XM
If[xR=2=0&& xM==0, cRM=0];
fR + £M BR*BM*XR*XM]
* .

r

4

If[xR¢0||xM¢0, CcRM =
2 BR * xR + M % XM

If[xR==0&& xM==0, cMM = 0] ;
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M BM? 3 xM?
If(xR#0 || xM#0, cMM = —*—];
2 BR * XR + M * XM
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
pCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
pPCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = .

cR+cM+cRR+cRM+cMM,
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
xM = xM + sampleBirth[[2]];
%RR = xRR + sampleBirth[[3]];
XRM = xRM + sampleBirth[[4]];
xXMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+leM== ,pM:—];
XR + xM
%+xMM
If[xR+xM==O, pM=z ——8M8M8 |;
XRR + XRM + xXMM
XRM
dRR 5 txMM dr xM
If[xR+xM¢0&&xRR+xRM+xMM;£0,pM: * + * ];
dR+dRR xRR + XRM + xXMM dR + dRR xR + xM

step = step + 1;
E
VectpM[ [sample] ] = pM;

OutputDatalO[ [countData, 1]]
OutputDatalO[ [countData, 2]]
countData = countData + 1;

]
LI
E\.

—_
~e

ResultparameterlO[ [change]] = x;
ResultlO[ [change]] = Total [VectpM];

OutputResultlO[ [countResult, 1]]
OutputResultlO[ [countResult, 2]]
countResult = countResult + 1;

x;
Total [VectpM] ;

Print [change]

~e
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Out put
OutputDatalOO = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResultl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];
countData =1;
countResult = 1;

Simulation
Site =100;
VectpM = Table[0, {SampleMax}];
Resultparameterl00 = Table[0, {ChangeMax + 1}];
Resultl00 = Table[0, {ChangeMax + 1}];
change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change =1,
If[change == 2,

x=-0.01];
X

If[change==3, x=0.05];
X
X

1
o
~e

If [change == 4,
If[change == 5,

sample =1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqpPH = H

/ fR+fRxdR | A/BRR % dRR
2

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

xR 2 * XxRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { ’ }] ] ;
xR+ 2% xRR  XR + 2 * XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
xRR = XRR - sampleMutation[[2]];
xRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM:=0, pPM = —];
XR + xM
%+xm\4
If[xR+xM== , pPM= ——8M8 ™ | ;
XRR + XRM + xMM
XRM
dRR Tt xMM dr xM
If[xR+xM¢O&&xRR+xRM+xMM¢0,pM: * + * ];
dR + dRR xXRR + XRM + xMM dR + dRR xR + XM

step = 2;
While[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * xR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dM * xM
pDeathM =

dR*xR+dM*xM+dRR*xRR+dRM*xRM+dm/I*xMM,



SupplementaryFile.nb | 151

dRR * XRR
pDeathRR = H
dR * XR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dRM % XRM
pDeathRM = i
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + dRR % XRR + ARM % XRM + dMM % xMM
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
xR = xR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = xRM - sampleDeath[[4]];
XMM = XMM - sampleDeath[[5]];

cR = BRR * XRR + * XRM;

BRM

cM = SMM % XxMM + * XRM;

If[xR=-0&& xM==0, cRR=0];

fR BR? % xR?
T£[xR#0 || xM#0, CRR= — % ———————|
2

4

BR * xR + BM * xM
If[xR=-0&& xM==0, cRM=0];

fR+ fM SR * M * XR % XM
If[xR#OllxM#O,cRM: * ];
2 BR * XR + M * xM
If[xR==0&& xM==0, cMM = 0] ;
M BM2 % xM?
If[xR#OllxM;éO, cMM:—*—];
2 BR * xR + M % XM
cR
pCellR = H
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
PCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM,
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
xXRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+leM== ,pM:—];
XR + xM
I, xMM
If[xR+xM==0,pM=2—;
XRR + xRM + xMM
XRM
dRR 5 txMM drR xM
If[xR+xM¢0&&xRR+xRM+xMM¢0,pM: * + * ];
dR +dRR xXRR + XRM + xMM dR + dRR xR + xM

step = step + 1;
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[—
~e

VectpM[ [sample]] = pM;

OutputDatalOO[ [countData, 1]]
OutputDatalOO[ [countData, 2]]
countData = countData + 1;

non
o X
5 ~

Resultparameterl00[ [change]] = x;
Resultl00[ [change]] = Total [VectpM];

OutputResultl00[ [countResult, 1]] = x;
OutputResultl00[ [countResult, 2]] = Total [VectpM];

countResult = countResult + 1;

Print [change]

E

v W N

Output of the data

ResultparameterlO

Resultl0

Resultparameterl100

Resultl100

Export|["/Users/Bessho/Desktop/workstation/OutputDataFig3b_10.txt", OutputDatalO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3b_10.txt", OutputResultloO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputDataFig3b_100.txt", OutputDatalOO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3b_100.txt",
OutputResultl00, "Table"];

{-0.01, 0, 0.05, 0.1, 0.2}

{779., 780., 949., 1135., 1449.}

{-0.01, 0, 0.05, 0.1, 0.2}

{27., 79., 432., 828., 1542.}

Plot
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PlotpM10 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpM100 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMloglO = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlogl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM10[ [change, 1]] = ResultparameterlO[ [change]];

ResultlO[ [change]]
PlotpM10[ [change, 2]] = ;

SampleMax
PlotpM100[ [change, 1]] = Resultparameterl00[ [change]];

Resultl00[ [change]]
PlotpM100[ [change, 2]] = ;

SampleMax
PlotpMloglO[ [change, 1]] = ResultparameterlO[[change]];
Resultl0[ [change]] ]

4

PlotpMloglO[ [change, 2]] = Log[lO, S Lo
ampleMax

PlotpMloglOO[ [change, 1]] = Resultparameterl00[[change]];
Resultl00[ [change]] ]

’

PlotpMlogl00[ [change, 2]] = Log [10,

E
gNumericallO = ListPlot [PlotpM10, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Black}, AspectRatio—» 0.75];
gNumericallOO = ListPlot [PlotpM100, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Black}, AspectRatio-» 0.75];
gLogNumericallO = ListPlot [PlotpMlogl0O, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}]
gLogNumericallOO = ListPlot[PlotpMlogl00, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}]
PlotpM10
PlotpM100

SampleMax

L L L L
0.05 0.10 0.15 0.20

S S S S S R}
0.05 0.10 0.15 0.20

{{-0.01, 0.0779}, {0, 0.078}, {0.05, 0.0949}, {0.1, 0.1135}, {0.2, 0.1449}}
{{-0.01, 0.0027}, {0, 0.0079}, {0.05, 0.0432}, {0.1, 0.0828}, {0.2, 0.1542}}

Wilson score interval (95% Confidence interval)

u-u

v u(l-u)/n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

Because the probability variable (where, estimated fixation probability # = = and the fixation probability u) approximately depends
n
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z=1.96;
n R 1 2 1 R 1 2 . Resultl0
z10 = u + *2° -z % —*u*(l—u) + * Z /.n- SampleMax /. Uu» ——
n + z?2 2x%n n 4 xn? SampleMax
n R 1 2 1 R 1 2 . Resultl0
z10 = u + *2° + 2% —*u*(l—u) + *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Resultlo0
z100 = u + *2° -z % —*u*(l—u) + *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Resultloo
z100 = u+ *2° + 2% —*u*(l—u) + *Z /.n- SampleMax /. u» ———
n+ z2 2%n n 4 % n? SampleMax

{0.0728075, 0.0729044, 0.0893103, 0.107431, 0.138137}
{0.0833167, 0.0834197, 0.100801, 0.119866, 0.151936}
{0.00185632, 0.00634385, 0.0393875, 0.0775575, 0.147255}
{0.00392562, 0.00983409, 0.0473633, 0.0883629, 0.161411}
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PlotCIunderlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIupperlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIunderlO[[change, 2]] =Log[10, z10[[change]]];

PlotCIupperlO[ [change, 2]] = Log[lO, z10[ [change]] ] ;

E

Log[lO, m]

N[Log[10, PlotpM10O[[All, 2]]]]

Log[10, z10]

gCIupperl0 = ListPlot[PlotCIupperl0, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderlO = ListPlot [PlotCIunderl0, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI1410 = Table[0, {i, 2}, {i, 2}1;
PlotCI2410 = Table[0, {i, 2}, {j, 2}]1;
PlotCI3410 = Table[0, {i, 2}, {j, 2}1;
PlotCI4410 = Table[0, {i, 2}, {j, 2}];
PlotCI5410 = Table[O, {i, 2}, {j, 2}];
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI1410[[1, 1]] = ResultparameterlO0[[1]];
PlotCI1410[[1, 2]] =Log[10, z10[[1]]];
PlotCI1410[[2, 1]] = Resultparameterl0[[1]];
PlotCI1410[[2, 2]] =Log[10, z10[[1]]];
PlotCI2410[[1, 1]] = Resultparameterl0[[2]];
PlotCI2410[[1, 2]] =Log[10, z10[[2]]1];
PlotCI2410[[2, 1]] = Resultparameterl0[[2]];
PlotCI2410[[2, 2]] =Log[10, z10[[2]]];
PlotCI3410[[1, 1]] = Resultparameterl0[[3]];
PlotCI3410[[1, 2]] =Log[10, z10[[3]]];
PlotCI3410[[2, 1]] = Resultparameterl0[[3]];
PlotCI3410[[2, 2]] = Log[10, zIO[[3]]];
PlotCI4410[[1, 1]] = Resultparameterl0[[4]];
PlotCI4410[[1, 2]] =Log[10, z10[[4]]];
PlotCI4410[[2, 1]] = Resultparameterl0[[4]];
PlotCI4410[[2, 2]] =Log[10, z10[[4]]];
PlotCI5410[[1, 1]] = Resultparameterl0[[5]];
PlotCI5410[[1, 2]] =Log[10, z10[[5]111;
PlotCI5410[[2, 1]] = ResultparameterlO[[5]];
PlotCI5¢10[[2, 2]] = Log[10, z10[[5]]];
E
gCI1410 = ListPlot[PlotCI1410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2410 = ListPlot [PlotCI2410, PlotRange - { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI3410 = ListPlot [PlotCI3410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4410 = ListPlot[PlotCI4410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5410 = ListPlot [PlotCI5410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
Show [gLogNumericallO, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderloO,
gCIupperlO]
{-1.07927, -1.07873, -0.996536, -0.921303, -0.81834}
{-1.10846, -1.10791, -1.02273, -0.945004, -0.838932}

{-1.13782, -1.13725, -1.0491, -0.968872, -0.85969}
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L L
0.05 0.10 0.15

L
0.20
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PlotCIunderl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIupperl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIunderl00[[change, 2]] =Log[10, z100[ [change]]];

PlotCIupperl00[ [change, 2]] = Log[lO, z100[ [change]] ] ;

E

Log[lO, W]

N[Log[10, PlotpM100[[All, 2]]]]

Log[10, z100]

gCIupperl00 = ListPlot[PlotCIupperl00, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderl00 = ListPlot [PlotCIunderl100, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI14100 = Table[0, {i, 2}, {j, 2}1;
PlotCI24100 = Table[0, {i, 2}, {j, 2}1;
P1lotCI34100 = Table[0, {i, 2}, {j, 2}1;
PlotCI44100 = Table[O, {i, 2}, {j, 2}];
PlotCI54100 = Table[0, {i, 2}, {j, 2}1;
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI14100[[1, 1]] = Resultparameter100[[1]];
PlotCI14100[[1, 2]] =Log[10, z100[[1]]];
PlotCI14100[[2, 1]] = Resultparameterl00[[1]];
PlotCI14100[[2, 2]] = Log[10, zI00[[1]]];
PlotCI24100[[1, 1]] = Resultparameterl00[[2]];
PlotCI24100[[1, 2]] = Log[10, z100[[2]]];
PlotCI24100[[2, 1]] = Resultparameter100[[2]];
PlotCI24100[[2, 2]] = Log[10, z100[[2]]];
PlotCI34100[[1, 1]] = Resultparameter100[[3]];
PlotCI34100[[1, 2]] =Log[10, z100[[3]]];
PlotCI34100[[2, 1]] = Resultparameterl00[[3]];
PlotCI34100[[2, 2]] = Log[10, zI00[[3]]];
PlotCI44100[[1, 1]] = Resultparameter100[[4]];
PlotCI44100[[1, 2]] =Log[10, z100[[4]]];
PlotCI44100[[2, 1]] = Resultparameterl100[[4]];
PlotCI44100[[2, 2]] = Log[10, z100[[4]]];
PlotCI54100[[1, 1]] = Resultparameterl00[[5]];
PlotCI54100[[1, 2]] = Log[10, z100[[5]11];
PlotCI54100[[2, 1]] = Resultparameter100[[5]];
PlotCI5#100[[2, 2]] = Log[10, z100[[5]]];
]:
gCI14100 = ListPlot [PlotCI14100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI24100 = ListPlot [PlotCI24100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI34100 = ListPlot [PlotCI34100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI44100 = ListPlot [PlotCI44100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI54100 = ListPlot [PlotCI54100, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumericall00, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00]
{-2.40609, -2.00727, -1.32456, -1.05373, -0.792067}
{-2.56864, -2.10237, -1.36452, -1.08197, -0.811916}

{-2.73135, -2.19765, -1.40464, -1.11038, -0.831931}
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L L L
0.05 0.10 0.15 0.20

st
Analytical result (Branching process approximation)

Clear([y]

fR=0.5;
BR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELAM = 0;
SELSMM = 4 x y;
HETERORB = 0.5;
SELAM = 0;
SELdAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BAM = BR* (1 + SELM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
AMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELdMM) ;

BRM - SRR
SELBSRM = ———— ;
BRR
dRR - dRM
SELdRM = ———;
dRR
1 SELfM 1
Saverage = — * ( + SELAM + SELAM| + — % (SELAMM * HETEROpB + SELAM %+ HETEROd)
2 2
4/ BRR % dRR
EqpPH = H

—fR*BZR*"R + VBRR % dRR

fR*x3R*dR
2

EqoED = ;

—fR*Bz“*dR + VBRR % dRR

., _BR
FaiR = H
dR
AM
FaiM = —;
dM
BRR
FaiRR = ;

dRR
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BRM
FaiRM = —;

dRM

fM + fR
avef = ——;
2

fR
FaiR2 = — x FaiR;

2

avef
FaiM2 = * FaiM;

FaiM2 x FaiRM - FaiR2 x FaiRR
BPPaiH = ;

FaiM2 » FaiRM + % » VFaiR2 » FaiRR

FaiM2 x FaiRM - FaiR2 x FaiRR

BPPaiD = i
FaiM2 x FaiRM + 2 x FaiM2 x WV FaiR2 x FaiRR
EqpH 2 » EqoD
BPfix = ——————— x BPPaiH + ——————— x BPPaibD;
EqpH + 2 * EQoD EqpH + 2 * EQoD

gBPfix = Plot [BPfix, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {0, 0.2}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

gLogBPfix = Plot[Log[10, BPfix], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]

l.y

0.20

5L

Analytical result (Diffusion approximation)
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Site = 10;
. / BRR % dRR
Parameters = {SUM - Site, dg » dR, dgr » dRR, Dy - ,
[ —“‘*’32“*‘“‘ + W BRR % dRR
fR*3RxdR
2
Pp > , sfM » SELfM, sBM -» SEL3M, sBRM —» SELBRM, sBMM - SELAMM,

’ —f“*ﬁz“*"“ + VBRR % dRR

sdM —» SELAM, sdRM - SELARM, sdMM - SELAMM }

Additive = sBMM - 2 * SBRM + sdMM - 2 * sdRM;
2
1 1

Aharmonic = 14
dr  drr

a=dk*5ﬂ+dkk* (1‘51-1);

3- dgr + dgrr ;
2
2 % Saverage + P * Additive  dy.rmonic
m=SUM*p#* (1 -p) * * H
2 d
p* (1-p)* (dR * Py + 2 % dpg *1313) dharmonic
v = * H

~ ~ ~ _’
Pu * Pp 4xdxd

m
Q= Integrate[— /. Parameters, p] ;
v

INI = / . Parameters;
SUM * (51{ +2 *5D)

Integrate[Exp[-2*0Q], {p, O, INI}]
DFfixWS10 = ;

Integrate[Exp[-2*0Q], {p, 0, 1}]
gDFfixWS10 = Plot [DFfixWS10, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]
gLogDFfixWS10 = Plot[Log[10, DFfixWS10], {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]

{SUM»lO, dg > 0.005, dgg = 0.005, py > 0.666667, pp - 0.333333, sfM - 0,

-1000 + 1000 (1 +2.y)
sBfM - 0, sBRM - , SCMM-> 4y, deaO,stMeO.,deM»O}

1000

0.20

0.15

0.10
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L L L
0.05 0.10 0.15 0.20

Site =100;

Parameters

' fRx3RxdR
2

Pp

sdM -» SELdAM, sdRM -» SELdRM, sdMM -» SELdMM }
Additive = sBMM - 2 * SBRM + sdMM - 2 x* sdRM;

’ fRxBRxdR | A/BRR % dRR
2

/BRR * dRR

= {SUM-) Site, dg » dR, dgg » dRR, Py -

’ —f“*”:*d“ + VBRR * dRR

2
Gharmonic = i;
dr  drr
a:dR*ﬁH + dgg * (l —[)H);
— G +dgr
d= ———;
2
2 * Saverage + P ¥ Additive
m=SUM*p* (1 -p) * ;
2
R .3 9RR , 5
p-k(l—p)-k(a * Py + 2 % 7 *pD)

v = — ;

4 % Py * Pp

m
Q= Integrate[— /. Parameters, p] ;

v
INI = /. Parameters;

SUM * (51{ +2 *513)
Integrate[Exp[-2*0Q], {p, O, INI}]

DFfixWS100 = ;

Integrate[Exp[-2*Q], {p, O, 1}]

14
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, sfM > SELfM, sfM - SELAM, sBRM -» SELARM, sBMM -» SELAMM,

gDFfixWS100 = Plot [DFfixWS100, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.2}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]
gLogDFfixWS100 = Plot [Log[10, DFfixWS100], {y, MinV, MaxV},

PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Blue},

AspectRatio -» 0.75]

{SUM% 100, dg > 0.005, dgr > 0.005, py > 0.666667, pp—> 0.333333, sfM-> 0,

-1000 + 1000 (1 +2.y)
sBfM - 0, sBRM -

1000

, SBMM > 4y, sdM— 0, sdRM - 0., deM»O}



162 | SupplementaryFile.nb

-5

Analytical result (Lineary approximation)

8 % Py * Pp

FixLinear =

([)H+2*[5D)*(Ed_&*ﬁﬂ+2*

gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.2}}, PlotStyle » {Thickness[0.005], Black, Dashed},

AspectRatio - 0.75]

gLogFixLinear = Plot[Log[10, FixLinear] /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},

AspectRatio -» 0.75]

020

e B e R
N\,

0.05

L e e e R
\

-4
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Show [gDFfixWS10, gDFfixWS100, gBPfix, gFixLinear, gNumericallO, gNumericallOO0]
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericallOO0]

020

0.15

0.05 0.10 0.15 0.20

T T Y S S S
0.05 0.10 0.15 0.20

s
I
t
L

-5

Figure for output

axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},
{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},
{-2, "0.01"}, {Log[10, 0.05], "0.05"}, {-1, "0.1"}, {Log[10, 0.5], "0.5"}, {0, "1"}};
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange » {{MinV, MaxV}, {-5, 0}}, AxesOrigin - {0, -5},
Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

/BRR * dRR

’ ﬂ‘*’iﬂ + VBRR * dRR

05

0.1
s
0.05

001
0.0

0.001
0.0005

0.0001 |
0.00005 |-

0.666667
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Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange » {{MinV, MaxV}, {-4, 0}}, AxesOrigin-» {-0.02, -4},
Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

0.1
0.05

001
0.005

0.001
0.0005

0.00 0.05 0.10 0.15 0.20
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl0O0,
gCIupperl00, PlotRange -» {{MinV, MaxV}, {-5, 0}}, AxesOrigin - {-0.02, -5},
Ticks » {Automatic, axeslabels}, AspectRatio » 0.75]

™
0.5

0.1
0.05

001
0.005

0.001
0.0005

0.0001
0.00005

= Fig.3(c)
Parameter values

Clear([x]

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELWM = 2 * x;
SELWMM = 0;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wRM = wRR * (1 + HETEROW » SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = ————;
WRR

MinV = —0.02;
MaxV = 0.21;

Saverage = T *

1 (SELfM 1
( + SELwM| + — » (SELwWMM  HETEROW)
2

N

0. +x
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Simulationl (N = 10)

Site = 10;

SampleMax = 10000;

ChangeMax = 4;

OutputDatalO = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResultlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData=1;

countResult = 1;

VectpM = Table[0, {SampleMax}];
ResultparameterlO = Table[0, {ChangeMax + 1}]
Resultl0 = Table[0, {ChangeMax + 1}];

~e

change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.01];
If[change =2, x=0];
If[change==3, x=0.05];
If[change==4, x=0.1];
If[change==5, x=0.2];

sample = 1;
For[sample =1, sample < SampleMax, sample = sample + 1,
V wRR
EqpPH = H

2

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

xR 2 * XxRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { ’ }] ] 7
xR+ 2% xRR xR + 2 * XRR

XR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
xRR = XRR - sampleMutation[[2]];
xRM = XxRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM==0, pM:—];
XR + xM
R 4 xMM

If[xR+xM== ,pM:z— o

r
XRR + XRM + xMM

XRM
1 5 MM 1 xM

If[xR+xM;é0&&xRR+xRM+xMM;60, M= — % + — % ];
2 xRR + xRM + xMM 2 xR+ xM

step = 2;
While[o <pM&&pM<1,
wWRM

cR = WRR * XRR + * XRM;

wWRM
cM = wMM » xMM +

* XRM;

If[xR=20&& xM==0, cRR=0];
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fR wR? % xR?
If[xR#OllxM#O, CRR = —*—]'
2 WR * XR + WM * xM

If[xR==0&& xM==0, cRM=0];

fR+ fM WR * WM % XR * xM
If[xR¢0||xM¢0,cRM= * ]
2 WR * XR + WM * xM
If[xR=20&& xM==0, cMM=0];
M wM? » xM?
If[xR#0 || xM#0, cMM:—*—];
2 WR * XR + WM % xM
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
pPCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
pPCellRM = H
cR + cM + cRR + CRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM,
sampleBirth = RandomVariate [MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = sampleBirth[[1]];
XM = sampleBirth[[2]];
XRR = sampleBirth[[3]];
XxRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

xM
If[xRR+xRM+xMM==0, pM=—];
XR + xM
%+x1~m
If[xR+xM==O, pM= ——8 —(;
XRR + xRM + xMM

XRM
1 T+XW 1
If[xR+xM¢0&&xRR+xRM+xMM;&0, PM= — % ———— + — %
2 xRR + xRM + xMM 2

step = step + 1;
E
VectpM[ [sample]] = pM;

OutputDatalO[ [countData, 1]] = x;
OutputDatalO[ [countData, 2]] = pM;
countData = countData + 1;

[E—
~e

ResultparameterlO[ [change]] = x;
ResultlO0[ [change]] = Total[VectpM];

OutputResultlO[ [countResult, 1]]
OutputResultlO[ [countResult, 2]]
countResult = countResult + 1;

X;
Total [VectpM] ;

Print [change]

[E—
~e

xM

XR + xM

]

’
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Simulationl (N = 100)

Site = 100;

SampleMax = 10 000;
ChangeMax = 4;

OutputDatalOO = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResultl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

VectpM = Table[0, {SampleMax}];

Resultparameterl00 = Table[0, {ChangeMax + 1}];

Resultl00 = Table[0, {ChangeMax + 1}];

change =1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change == 1, -0.017;
If[change == 2,

X
X
If[change==3, x=0.05];
X
X

n
o
~e

If[change == 4,
If[change == 5,

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

EqPH = H

wWRR

xR = Round [Site * EqoH] ;

xM=0;

XRR = Site - xR;
XRM = 0;

xMM = 0;

sampleMutation = RandomVariate [MultinomialDistribution [1 ’ {

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
xXRR = XRR - sampleMutation[[2]];
XRM = XRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM== ’ pM:—]
XR + xM
IR, xMM

If[xR+ XM =0, pM =

1
If[xR+xM;£0&&xRR+xRM+xMM¢O,pM:—*

step = 2;
While[o <pM&&pM<1,

_—;
XRR + XRM + xMM

2

RM
=+ xMM
2

XR
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XRR + XRM + xMM

2 * XRR }”
xR+2*xRR’xR+2*xRR !
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wRM

CcR = WRR % XRR + * XRM;

wWRM
cM = wMM » xMM +

* XRM;

If[xR=20&& xM==0, cRR=0];

fR wR? % xR?
If[xR#OllxM#O, CRR = —*—]'
2 WR * XR + WM % xM

If[xR==0&& xM==0, cRM=0];

fR+ fM WR * WM % XR * xM
If[xR¢0||xM¢0,cRM= * ]
2 WR * XR + WM * xM
If[xR=20&& xM==0, cMM=0];
M wM? » xM?
If[xR#0 || xM#0, cMM:—*—];
2 WR * XR + WM * xM
cR
pCellR = H
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
pCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
PCellRM = H
cR + cM + cRR + CRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM,
sampleBirth = RandomVariate [MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = sampleBirth[[1]];
XM = sampleBirth[[2]];
XRR = sampleBirth[[3]];
xRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

xM
If[xRR+xRM+xMM==0, pM=—];
XR + xM
%+x1~m
If[xR+xM==O, pM= ——|;
XRR + XRM + xMM

XRM
1 T+XW 1
If[xR+xM¢0&&xRR+xRM+xMM;&0, PM= — % ———— + — %
2 xRR + xRM + xMM 2

step = step + 1;
E

VectpM|[ [sample]] = pM;

OutputDatalOO[ [countData, 1]] = x;
OutputDatalOO[ [countData, 2]] = pM;
countData = countData + 1;

Resultparameterl00[ [change]] = x;
Resultl00[ [change]] = Total [VectpM];

OutputResultl00[ [countResult, 1]]
OutputResultl00[ [countResult, 2]]
countResult = countResult + 1;

X;
Total [VectpM] ;

xM

XR + xM

]

’
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Print [change]

|
1
2
3
4
5

Output of the data

ResultparameterlO
ResultlO0

Export["/Users/Bessho/Desktop/workstation/OutputDataFig3c_10.txt", OutputDatalO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3c_10.txt", OutputResultloO,
"Table"];

Resultparameter100
Resultl100

Export|["/Users/Bessho/Desktop/workstation/OutputDataFig3c_100.txt", OutputDatalOO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3c_100.txt",
OutputResultl00, "Table"];

{-0.01, 0, 0.05, 0.1, 0.2}
(703, 748, 1197, 1656, 2699}
{-0.01, 0, 0.05, 0.1, 0.2}
{13, 66, 879, 1615, 2834}

Plot
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PlotpM10 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMloglO = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpM100 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlogl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM10[ [change, 1]] = ResultparameterlO[ [change]];

ResultlO[ [change]]
PlotpM10[ [change, 2]] = ;

SampleMax
PlotpMloglO[ [change, 1]] = ResultparameterlO[ [change]];
Resulth[[change]]]

14

PlotpMlogl0[ [change, 2]] = Log[lo,
SampleMax

PlotpM100[ [change, 1]] = Resultparameterl00[ [change]];
Resultl100][ [change]]
7

PlotpM100[ [change, 2]] =
SampleMax

PlotpMloglOO[ [change, 1]] = Resultparameterl00[[change]];
ResulthO[[change]]]

’

PlotpMlogl00[ [change, 2]] =Log[10,

E

PlotpM10

PlotpM100

gNumericallO = ListPlot [PlotpM10, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Black}]

gNumericallOO = ListPlot [PlotpM100, PlotRange -» { {MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Black}]

gLogNumericallO = ListPlot [PlotpMlogl0O, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {PointSize[0.015], Black}]

gLogNumericallOO0 = ListPlot [PlotpMlogl00, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {PointSize[0.015], Black}]

SampleMax

703 187 1197 207 2699
H_O'Ol' 10000}' {0' 2500}' {0'05' 10000}' {0'1' 1250}' {0'2' 10000}}

13 33 879 323 1417
{{-0.01, 10000}, {o, m}, {0.05, 10000}, [o.1, m}, [0.2, m}}

03

02

0.05 0.10 0.15 0.20
041

03

02

0.1
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Wilson score interval (95% Confidence interval)
Because the probability variable ——=
u(l-u)/n
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(where, estimated fixation probability 7 = * and the fixation probability u) approximately depends
n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

z=1.96;
n R 1 2 1 R 1 2 . Resultl0
z10 = u+ *2° -2z % —*u*(l—u)+ * 2 /.n- SampleMax /. U4 » ————
n + z?2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 2 R Resultl0
z10 = u+ *2° + 2% —*u*(l—u)+ * 2 /.n- SampleMax /. U4 » ————
n + z?2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 2 . Resultloo
2100 = u+ *2° -2z % —*u*(l—u)+ * 2 /.n-» SampleMax /. u» ——————
n + z?2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 R . Resultloo
2100 = u+ *2° + 2% —*u*(l-u)+ * 2 /.n-» SampleMax /. u» ——————
n + z?2 2xn n 4 xn? SampleMax

{0.0654525, 0.0698055, 0.113483, 0.158443, 0.261289}
{0.0754775, 0.080121, 0.126209, 0.173014, 0.278688}
{0.000759905, 0.00519146, 0.0825073, 0.154418, 0.274652}
{0.00222311, 0.00838749, 0.0936092, 0.168842, 0.292315}
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PlotCIunderlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIupperlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIunderlO[[change, 2]] =Log[10, z10[[change]]];

PlotCIupperlO[ [change, 2]] = Log[lO, z10[ [change]] ] ;

E

Log[lO, m]

N[Log[10, PlotpM10O[[All, 2]]]]

Log[10, z10]

gCIupperl0 = ListPlot[PlotCIupperl0, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderlO = ListPlot [PlotCIunderl0, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI1410 = Table[0, {i, 2}, {i, 2}1;
PlotCI2410 = Table[0, {i, 2}, {j, 2}]1;
PlotCI3410 = Table[0, {i, 2}, {j, 2}1;
PlotCI4410 = Table[0, {i, 2}, {j, 2}];
PlotCI5410 = Table[O, {i, 2}, {j, 2}];
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI1410[[1, 1]] = ResultparameterlO0[[1]];
PlotCI1410[[1, 2]] =Log[10, z10[[1]]];
PlotCI1410[[2, 1]] = Resultparameterl0[[1]];
PlotCI1410[[2, 2]] =Log[10, z10[[1]]];
PlotCI2410[[1, 1]] = Resultparameterl0[[2]];
PlotCI2410[[1, 2]] =Log[10, z10[[2]]1];
PlotCI2410[[2, 1]] = Resultparameterl0[[2]];
PlotCI2410[[2, 2]] =Log[10, z10[[2]]];
PlotCI3410[[1, 1]] = Resultparameterl0[[3]];
PlotCI3410[[1, 2]] =Log[10, z10[[3]]];
PlotCI3410[[2, 1]] = Resultparameterl0[[3]];
PlotCI3410[[2, 2]] = Log[10, zIO[[3]]];
PlotCI4410[[1, 1]] = Resultparameterl0[[4]];
PlotCI4410[[1, 2]] =Log[10, z10[[4]]];
PlotCI4410[[2, 1]] = Resultparameterl0[[4]];
PlotCI4410[[2, 2]] =Log[10, z10[[4]]];
PlotCI5410[[1, 1]] = Resultparameterl0[[5]];
PlotCI5410[[1, 2]] =Log[10, z10[[5]111;
PlotCI5410[[2, 1]] = ResultparameterlO[[5]];
PlotCI5¢10[[2, 2]] = Log[10, z10[[5]]];
E
gCI1410 = ListPlot[PlotCI1410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2410 = ListPlot [PlotCI2410, PlotRange - { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI3410 = ListPlot [PlotCI3410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4410 = ListPlot[PlotCI4410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5410 = ListPlot [PlotCI5410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
Show [gLogNumericallO, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderloO,
gCIupperlO]
{-1.12218, -1.09625, -0.89891, -0.761919, -0.554882}
{-1.15304, -1.1261, -0.921906, -0.78094, -0.568797}

{-1.18407, -1.15611, -0.945068, -0.800127, -0.582879}
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PlotCIunderl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIupperl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIunderl00[[change, 2]] =Log[10, z100[ [change]]];

PlotCIupperl00[ [change, 2]] = Log[lO, z100[ [change]] ] ;

E

Log[lO, W]

N[Log[10, PlotpM100[[All, 2]]]]

Log[10, z100]

gCIupperl00 = ListPlot[PlotCIupperl00, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderl00 = ListPlot [PlotCIunderl100, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI14100 = Table[0, {i, 2}, {j, 2}1;
PlotCI24100 = Table[0, {i, 2}, {j, 2}1;
P1lotCI34100 = Table[0, {i, 2}, {j, 2}1;
PlotCI44100 = Table[O, {i, 2}, {j, 2}];
PlotCI54100 = Table[0, {i, 2}, {j, 2}1;
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI14100[[1, 1]] = Resultparameter100[[1]];
PlotCI14100[[1, 2]] =Log[10, z100[[1]]];
PlotCI14100[[2, 1]] = Resultparameterl00[[1]];
PlotCI14100[[2, 2]] = Log[10, zI00[[1]]];
PlotCI24100[[1, 1]] = Resultparameterl00[[2]];
PlotCI24100[[1, 2]] = Log[10, z100[[2]]];
PlotCI24100[[2, 1]] = Resultparameter100[[2]];
PlotCI24100[[2, 2]] = Log[10, z100[[2]]];
PlotCI34100[[1, 1]] = Resultparameter100[[3]];
PlotCI34100[[1, 2]] =Log[10, z100[[3]]];
PlotCI34100[[2, 1]] = Resultparameterl00[[3]];
PlotCI34100[[2, 2]] = Log[10, zI00[[3]]];
PlotCI44100[[1, 1]] = Resultparameter100[[4]];
PlotCI44100[[1, 2]] =Log[10, z100[[4]]];
PlotCI44100[[2, 1]] = Resultparameterl100[[4]];
PlotCI44100[[2, 2]] = Log[10, z100[[4]]];
PlotCI54100[[1, 1]] = Resultparameterl00[[5]];
PlotCI54100[[1, 2]] = Log[10, z100[[5]11];
PlotCI54100[[2, 1]] = Resultparameter100[[5]];
PlotCI5#100[[2, 2]] = Log[10, z100[[5]]];
]:
gCI14100 = ListPlot [PlotCI14100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI24100 = ListPlot [PlotCI24100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI34100 = ListPlot [PlotCI34100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI44100 = ListPlot [PlotCI44100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI54100 = ListPlot [PlotCI54100, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumericall00, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00]
{-2.65304, -2.07637, -1.02868, -0.772518, -0.53415}
{-2.88606, -2.18046, -1.05601, -0.791827, -0.5476}

{-3.11924, -2.28471, -1.08351, -0.811303, -0.561218}
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st
Fixation probability from branching process approximation

Clear([y]

fR=0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM =2 *y;
SELwMM = 0.0;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR % (1 + SELwM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

wWRM - wRR
wWRR
1 SELfM 1
Saverage = — * ( + SELwM| + — % (SELwWMM * HETEROwW)
2 2
wRR
Equ = ;

S
fR*WR
2

EqoED = H

fR+wR . WwRR
2

fM + £R
avef = ——;
2

fR * wR

W= * EqoH + wRR x EqpD;

I

EgD4a

avef » wM
1-PH- Exp[—PD* —]

wWRM

EqD4b 1-PD-Exp[-PH* ];
2W

RepeatMax = 200;

ResultH = Table[0, {i, (RepeatMax + 1)}, {j, 2}]1;

ResultD = Table[0, {i, (RepeatMax + 1)}, {j, 2}1]1;

ResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}1;

LogResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}];

repeat = 0;
For[repeatl =1, repeatl < RepeatMax + 1, repeatl = repeatl + 1,

repeat = repeat + 1;
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(MaxV - 0)

x1=0+ —— % (repeatl -1);
RepeatMax

CondH = EqD4a /. y » x1;

CondD = EqD4b /. y » x1;

sol = Solve[CondH == 0 & CondD == 0 && 0 < PH&& PH< 1 && 0O < PD & PD< 1, {PH, PD}, Reals];

BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];
ResultH[ [repeat, 1]] = x1;
ResultD[[repeat, 1]] = x1;
ResultBPfix|[[repeat, 1]] = x1;
LogResultBPfix [ [repeat, 1]] = x1;
ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH 2 * EqoD
ResultBPfix[[repeat, 2]] = ————— *BPPaiH+ —M8M8M8M—
EqpH + 2 ¥ EqpD EqpH + 2 ¥ EqpD
EqpH
LogResultBPfix [ [repeat, 2]] = Log [10, —— % BPPaiH +

EqpH + 2 * EQoD

E

EqpH + 2 * EQoD

* BPPaiD] ;

gBPfix = ListPlot [ResultBPfix, Joined -» True, PlotRange -» {{0, MaxV}, {-0.01, 0.4}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]

gLogBPfix = ListPlot [LogResultBPfix, Joined -» True, PlotRange » {{0, MaxV}, {-5, 0}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]
0. +y

Solve::ratnz : SolveFHB TRVMEBDREM ZENTEXRBATLUL. BENNT IHBRAEMRE, EREMECTIRTZETHENE L.
Solve:ratnz : Solve[3EFE TRWMEABDARZB L ZENTEFRATLUR. BREANN T 2BEBRERS, GREFEICEMRIT I ETHELNELE.

Solve:ratnz : SolveldEZ CTRVMEBDRER ZENTEXBATURL. BENICT 2HBARAERE, BREMECTHRIZZETESNELL.

General::stop : ZOHERIC, Solverratnz®ZhIAEOENREETRENELA. >

04

03

02

0.

-5

Fixation probability from diffusion approximation

>

>

>
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Site =10;

fR*wR
2

Op = , sfM » SELfM,

vV wRR
4
' fR;wR + '\/WH fR*wR . ,\/m

Parameters = {SUM - Site, py >
2

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }

Additive = swMM - 2 * SWRM;
2 x Saverage + P * Additive
m=SUM*xp=* (1-p) * ;
2

p* (1L -p)* (B +2*05p)
v = = = 7
8 % Dy * Dp

m
Integrate[— /. Parameters, p] ;
v
1
INI = /. Parameters;
SUM * (E)H +2 *E)D)

10
1]

Integrate[Exp[-2*0Q], {p, O, INI}]

DFfixWS =
Integrate[Exp[-2*Q], {p, 0, 1}]

gDFfixWS10 = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]

gLogDFfixWS10 = Plot[Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio - 0.75]

{suM- 10, py>0.666667, pp >0.333333, sfM—> 0, swM—> 2y, SWRM— 0., swMM > 0. }

04
03

02

-5

Fixation probability from diffusion approximation
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Site =100;

fR*wR
2

Parameters = {SUM - Site, py > s Pp~ , sfM » SELfM,

V wRR

swM » SELwM, swRM -» SELwRM, swMM -» SELwMM }
Additive = swMM - 2 * SWRM;

2 * Saverage + P * Additive
m=SUMxp* (1 -p) * ;
2

p* (1-p) * (Pa+2*75p)
Vv =

.
4

8 % Py * Pp

m
0 = Integrate [ — /. Parameters, p] ;
v

1
INI = /. Parameters;
SUM * (f)H +2 *[)D)

Integrate[Exp[-2*0Q], {p, O, INI}]

Integrate[Exp[-2*Q], {p, 0, 1}]
gDFfixWS100 = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» { {MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]
gLogDFfixWS100 = Plot [Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]

{suM - 100, by~ 0.666667, pp— 0.333333, SfM—>0, swM—>2y, SWRM-> 0., sWwMM > 0. }

04

DFfixWS =

03

02

0.

-5

Analytical result (Lineary approximation)
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. . 8 % Dy * Dp
FixLinear = —————— % 2 * Sayerage/
(Pu + 2%5p)?
gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.4}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio - 0.75]
gLogFixLinear = Plot[Log[10, FixLinear /. Parameters], {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]
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-5
Show [gDFfixWS10, gDFfixWS100, gBPfix, gFixLinear, gNumericallO, gNumericallOO0]
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,

gLogNumericallOO0]

04

03

N
oo
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Figure for output

axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},
{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},
{-2, "0.01"}, {Log[l10, 0.05], "0.05"}, {-1, "0.1"}, {Log[l10, 0.5], "0.5"}, {0,
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericallO00O, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlo,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange -» {{MinV, MaxV}, {-5, O0}}, AxesOrigin - {0, -5},
Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

wWRR
fR*wWR
/ + + Y wRR
=
0.5+ ——
soo—=—cost——
0.11
005}
0.0001
0.00005
L L L L L L L L L L L L L L L L L Il
0.05 0.10 0.15 0.20
0.666667

Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange » {{MinV, MaxV}, {-5, 0}}, AxesOrigin-» {-0.02, -5},
Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

.

0.5+ I
T

0.1
0.05

001
0.005

0.001
0.0005

0.0001
0.00005

[ Y Y R TR TN
ResultlO0
N[SampleMax]
Resultl00
N[SampleMax]
{0.0703, 0.0748, 0.1197, 0.1656, 0.2699}
{0.0013, 0.0066, 0.0879, 0.1615, 0.2834}

= Fig.3(d)

Parameter values

"1"}};
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Clear([x]

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM = 0;
SELWMM = 4 % X;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wRM = wRR » (1 + HETEROW * SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = —————;
WRR

MinV = -0.02;
MaxV = 0.21;

Saverage = T *

1 SELfM 1
( + SELwM| + — » (SELwWMM x HETEROwW)
2

N

1.x
Simulation] (N = 10)

Site = 10;

SampleMax = 10000;

ChangeMax = 4;

OutputDatalO = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResultlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

VectpM = Table[0, {SampleMax}];
ResultparameterlO = Table[0, {ChangeMax + 1}]
ResultlO = Table[0, {ChangeMax + 1}];

~e

change = 1;

For [change = 1, change < ChangeMax + 1, change = change + 1,

If[change =1,
If[change == 2,

x=-0.01];
X =

If[change==3, x=0.05];
X
X

1
o
~e

If [change == 4,
If [change == 5,

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

V wRR

Equ = H

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;

XxMM = 0;



182 | SupplementaryFile.nb

sampleMutation = RandomVariate [MultinomialDistribution [1 ’ {

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
xRR = xRR - sampleMutation[[2]];
xRM = XxRM + sampleMutation[[2]];
xMM = 0;

4

xM
I:E[xRR+ XRM + XxMM == 0, pM = —]
XR + xM

XRM
— + xMM

If[xR+xM== ,pM:Z— ;
XRR + XRM + xXMM

1 %+xMM 1

xR 2 * XRR

xR+2*xRR’ XR + 2 * XRR

If[xR+xM;&0&&xRR+xRM+xMM;EO,pM:—* +
2 xRR + xRM + xMM 2

step = 2;
While[o <pM&&pM<1,

A4
cR = WRR * XRR + * XRM;

wWRM

cM = wMM » xMM + * XRM;

If[xR=20&& xM==0, cRR=0];

fR
1f[xR¢0||xM¢o, CRR = — *
2
If[xR==0&& xM==0, cRM=0];
fR + fM
If[xR¢0||xM¢0,cRM= *
2 WR * XR + WM * xM

If[xR=20&& xM==0, cMM=0];
E

wR? » xR?

I

WR * WM * XR * xM

WR * XR + wM * xM

E

£M wM? » xM?
If|xR#0 || xM#0, cMM= — *

2 WR * XR + WM % xM
cR

pCellR = ;
cR + cM + cRR + cRM + cMM

cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
pCellRR = ;
cR + cM + cRR + cCRM + cMM
cRM
PCellRM = ;
cR + cM + cRR + cRM + cMM
cMM
pCellMM = ;
cR + cM + cRR + cRM + cMM
sampleBirth = RandomVariate [MultinomialDistribution[Site,

{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = sampleBirth[[1]];
XM = sampleBirth[[2]];
xRR = sampleBirth[[3]];
XxRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

4

xM

If[xRR+xRM+xMM== 0, pM = —]
XR + xM

IRM . xMM

If[xR+xM==O, pM: -2 @@ .

’
xRR + xRM + xMM
%+XMM

1
If|xR+xM# 0 & XRR + XxRM + xMM # 0, pM= — % ———————
2 xRR + xRM + xMM

1
+ — %
2

I

xM ]
XR + xM

ik
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step = step + 1;
E
VectpM[ [sample] ] = pM;

OutputDatalO[ [countData, 1]] = x;
OutputDatalO[ [countData, 2]] = pM;
countData = countData + 1;

[—
~e

ResultparameterlO[ [change]] = x;
ResultlO[ [change]] = Total [VectpM];

OutputResultlO[ [countResult, 1]]
OutputResultlO[ [countResult, 2]]
countResult = countResult + 1;

X;
Total [VectpM] ;

Print [change]

u s W N

Simulationl (N = 100)

Site =100;

SampleMax = 10 000;

ChangeMax = 4;

OutputDatalOO = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResultl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;

countResult = 1;

VectpM = Table[0, {SampleMax}];
Resultparameterl1l00 = Table[0, {ChangeMax + 1}];
Resultl00 = Table[0, {ChangeMax + 1}];

change =1;
For [change =1, change < ChangeMax + 1, change = change + 1,
If[change==1, x=-0.01];
If[change == 2, x
If[change==3, x=0.05];
X
X

n
o
~e

If[change == 4,
If[change == 5,

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

EqPH = H

xR = Round [Site * EqoH] ;
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xM=0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

xR

2 * XRR

sampleMutation = RandomVariate [MultinomialDistribution [1 ’ {

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM::0,pM=—];
XR + xM
IR, xMM
If[xR+xM== ,pM:z—;
XRR + XRM + xMM
XRM
1 T+XMM 1 xM
If[xR+xM¢0&&xRR+xRM+xMM¢0,pM:—* P ];
2 xRR + xRM + xMM 2 xR+ xM

step = 2;
while[o <pM&&pM<1,

wRM
cR = WwRR * XRR +

* XRM;

wWRM
cM = wMM * XMM +

* XRM;

If[xR==0&& xM==0, cRR=0];

fR wR? » xR?
If[xR¢0||xM¢o, CRR = —*—]-
2 WR * XR + WM * XM

If[xR=2=0&& xM==0, cRM=0];

fR+ fM WR * WM % XR * XM
1f[xR¢0||xM¢o,cRM= * ]
2 WR * XR + wM * xM
If[xR==0&& xM==0, cMM = 0] ;
£M wM? » xM?
If[xR¢0||xM¢0, cMM:—*—];
2 WR * XR + WM * XM
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = 7
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM’
sampleBirth = RandomVariate[MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = sampleBirth[[1]];
XM = sampleBirth[[2]];
xXRR = sampleBirth[[3]];
XRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

14

xM
If[xRR+xRM+xMM== , PM = —]
XR + xM

14
xR + 2% xRR xR + 2 * XRR

H1s
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I, xMM
If[xR+xM==0, pMm- —2——|;

’
xRR + xRM + xMM
%? + xMM

1 1
If[xR+xM¢0&&xRR+xRM+xMM;&0, pM= —% ———— + — %
2 xRR + xRM + xMM 2

r

xM ]

xR + xM
step = step + 1;

E

VectpM|[ [sample]] = pM;

OutputDatalOO[ [countData, 1]] = x;

OutputDatalOO[ [countData, 2]] = pM;
countData = countData + 1;

Resultparameterl100[ [change]] = x;
Resultl00[ [change]] = Total [VectpM];

OutputResultl00[ [countResult, 1]] = x;
OutputResultl00[ [countResult, 2]] = Total [VectpM];

countResult = countResult + 1;

Print [change]

I

u s W N

Output of the data

ResultparameterlO

ResultlO0

Export["/Users/Bessho/Desktop/workstation/OutputDataFig3d_10.txt", OutputDatalO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3d_10.txt", OutputResultloO,
"Table"];

Resultparameterl100

Resultl100

Export["/Users/Bessho/Desktop/workstation/OutputDataFig3d_100.txt", OutputDatalOO,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig3d_100.txt",
OutputResultl00, "Table"];

{-0.01, 0, 0.05, 0.1, 0.2}
(697, 740, 1364, 1765, 2600}
{-0.01, 0, 0.05, 0.1, 0.2}
{12, 76, 900, 1699, 2901}

Plot
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PlotpM10 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMloglO = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpM100 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlogl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM10[ [change, 1]] = ResultparameterlO[ [change]];

ResultlO[ [change]]
PlotpM10[ [change, 2]] = ;

SampleMax
PlotpMloglO[ [change, 1]] = ResultparameterlO[ [change]];
Resulth[[change]]]

14

PlotpMlogl0[ [change, 2]] = Log[lo,
SampleMax

PlotpM100[ [change, 1]] = Resultparameterl00[ [change]];
Resultl100][ [change]]
7

PlotpM100[ [change, 2]] =
SampleMax

PlotpMloglOO[ [change, 1]] = Resultparameterl00[[change]];
ResulthO[[change]]]

’

PlotpMlogl00[ [change, 2]] =Log[10,

E

PlotpM10

PlotpM100

gNumericallO = ListPlot [PlotpM10, PlotRange -» {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Black}]

gNumericallOO = ListPlot [PlotpM100, PlotRange -» { {MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Black}]

gLogNumericallO = ListPlot [PlotpMlogl0O, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {PointSize[0.015], Black}]

gLogNumericallOO0 = ListPlot [PlotpMlogl00, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {PointSize[0.015], Black}]

697 37 341 353 13
{{—0.01, 10000}, {o, %}, {0.05, m}, {0.1, m}, {0.2, 5}}

: 19 9 1699 2901
{{-0.01, R}’ {o, R}' {o-0s, R}' {o-1, 10000}' {o-2, 10000}}

041

SampleMax

03

02

0.05 0.10 0.15 0.20
041

03

02

0.1
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Wilson score interval (95% Confidence interval)
Because the probability variable ——=
u(l-u)/n
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(where, estimated fixation probability 7 = * and the fixation probability u) approximately depends
n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

z=1.96;
n R 1 2 1 R 1 2 . Resultl0
z10 = u+ *2° -2z % —*u*(l—u)+ * 2 /.n- SampleMax /. U4 » ————
n + z?2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 2 R Resultl0
z10 = u+ *2° + 2% —*u*(l—u)+ * 2 /.n- SampleMax /. U4 » ————
n + z?2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 2 . Resultloo
2100 = u+ *2° -2z % —*u*(l—u)+ * 2 /.n-» SampleMax /. u» ——————
n + z?2 2xn n 4 xn? SampleMax
n R 1 2 1 R 1 R . Resultloo
2100 = u+ *2° + 2% —*u*(l-u)+ * 2 /.n-» SampleMax /. u» ——————
n + z?2 2xn n 4 xn? SampleMax

{0.0648725, 0.0690313, 0.129812, 0.169152, 0.251496}
{0.074858, 0.0792959, 0.143267, 0.184096, 0.268688}
{0.000686597, 0.00607676, 0.0845472, 0.162666, 0.281287}
{0.00209649, 0.00950142, 0.0957677, 0.177387, 0.299074}
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PlotCIunderlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperlO = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIupperlO[[change, 1]] = ResultparameterlO[[change]];
PlotCIunderlO[[change, 2]] =Log[10, z10[[change]]];

PlotCIupperlO[ [change, 2]] = Log[lO, z10[ [change]] ] ;

E

Log[lO, m]

N[Log[10, PlotpM10O[[All, 2]]]]

Log[10, z10]

gCIupperl0 = ListPlot[PlotCIupperl0, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderlO = ListPlot [PlotCIunderl0, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI1410 = Table[0, {i, 2}, {i, 2}1;
PlotCI2410 = Table[0, {i, 2}, {j, 2}]1;
PlotCI3410 = Table[0, {i, 2}, {j, 2}1;
PlotCI4410 = Table[0, {i, 2}, {j, 2}];
PlotCI5410 = Table[O, {i, 2}, {j, 2}];
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI1410[[1, 1]] = ResultparameterlO0[[1]];
PlotCI1410[[1, 2]] =Log[10, z10[[1]]];
PlotCI1410[[2, 1]] = Resultparameterl0[[1]];
PlotCI1410[[2, 2]] =Log[10, z10[[1]]];
PlotCI2410[[1, 1]] = Resultparameterl0[[2]];
PlotCI2410[[1, 2]] =Log[10, z10[[2]]1];
PlotCI2410[[2, 1]] = Resultparameterl0[[2]];
PlotCI2410[[2, 2]] =Log[10, z10[[2]]];
PlotCI3410[[1, 1]] = Resultparameterl0[[3]];
PlotCI3410[[1, 2]] =Log[10, z10[[3]]];
PlotCI3410[[2, 1]] = Resultparameterl0[[3]];
PlotCI3410[[2, 2]] = Log[10, zIO[[3]]];
PlotCI4410[[1, 1]] = Resultparameterl0[[4]];
PlotCI4410[[1, 2]] =Log[10, z10[[4]]];
PlotCI4410[[2, 1]] = Resultparameterl0[[4]];
PlotCI4410[[2, 2]] =Log[10, z10[[4]]];
PlotCI5410[[1, 1]] = Resultparameterl0[[5]];
PlotCI5410[[1, 2]] =Log[10, z10[[5]111;
PlotCI5410[[2, 1]] = ResultparameterlO[[5]];
PlotCI5¢10[[2, 2]] = Log[10, z10[[5]]];
E
gCI1410 = ListPlot[PlotCI1410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI2410 = ListPlot [PlotCI2410, PlotRange - { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI3410 = ListPlot [PlotCI3410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4410 = ListPlot[PlotCI4410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI5410 = ListPlot [PlotCI5410, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
Show [gLogNumericallO, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderloO,
gCIupperlO]
{-1.12576, -1.10075, -0.843855, -0.734955, -0.570751}
{-1.15677, -1.13077, -0.865186, -0.753255, -0.585027}

{-1.18794, -1.16095, -0.886683, -0.771722, -0.599469}



L
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PlotCIunderl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupperl00 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCIunderl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIupperl00[[change, 1]] = Resultparameterl00[ [change]];
PlotCIunderl00[[change, 2]] =Log[10, z100[ [change]]];

PlotCIupperl00[ [change, 2]] = Log[lO, z100[ [change]] ] ;

E

Log[lO, W]

N[Log[10, PlotpM100[[All, 2]]]]

Log[10, z100]

gCIupperl00 = ListPlot[PlotCIupperl00, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

gCIunderl00 = ListPlot [PlotCIunderl100, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];

PlotCI14100 = Table[0, {i, 2}, {j, 2}1;
PlotCI24100 = Table[0, {i, 2}, {j, 2}1;
P1lotCI34100 = Table[0, {i, 2}, {j, 2}1;
PlotCI44100 = Table[O, {i, 2}, {j, 2}];
PlotCI54100 = Table[0, {i, 2}, {j, 2}1;
For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI14100[[1, 1]] = Resultparameter100[[1]];
PlotCI14100[[1, 2]] =Log[10, z100[[1]]];
PlotCI14100[[2, 1]] = Resultparameterl00[[1]];
PlotCI14100[[2, 2]] = Log[10, zI00[[1]]];
PlotCI24100[[1, 1]] = Resultparameterl00[[2]];
PlotCI24100[[1, 2]] = Log[10, z100[[2]]];
PlotCI24100[[2, 1]] = Resultparameter100[[2]];
PlotCI24100[[2, 2]] = Log[10, z100[[2]]];
PlotCI34100[[1, 1]] = Resultparameter100[[3]];
PlotCI34100[[1, 2]] =Log[10, z100[[3]]];
PlotCI34100[[2, 1]] = Resultparameterl00[[3]];
PlotCI34100[[2, 2]] = Log[10, zI00[[3]]];
PlotCI44100[[1, 1]] = Resultparameter100[[4]];
PlotCI44100[[1, 2]] =Log[10, z100[[4]]];
PlotCI44100[[2, 1]] = Resultparameterl100[[4]];
PlotCI44100[[2, 2]] = Log[10, z100[[4]]];
PlotCI54100[[1, 1]] = Resultparameterl00[[5]];
PlotCI54100[[1, 2]] = Log[10, z100[[5]11];
PlotCI54100[[2, 1]] = Resultparameter100[[5]];
PlotCI5#100[[2, 2]] = Log[10, z100[[5]]];
]:
gCI14100 = ListPlot [PlotCI14100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI24100 = ListPlot [PlotCI24100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI34100 = ListPlot [PlotCI34100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI44100 = ListPlot [PlotCI44100, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI54100 = ListPlot [PlotCI54100, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show [gLogNumericall00, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00]
{-2.67851, -2.02221, -1.01878, -0.751078, -0.524221}
{-2.92082, -2.11919, -1.04576, -0.769807, -0.537452}

{-3.1633, -2.21633, -1.0729, -0.788702, -0.55085}
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L L L
0.05 0.10 0.15 0.20

st
Fixation probability from branching process approximation

Clear([y]

fR=0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;
SELwM =0.0;
SELWMM = 4 x y;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR % (1 + SELwM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

wWRM - wRR
wWRR
1 SELfM 1
Saverage = — * ( + SELwM| + — * (SELWMM * HETEROw)
2 2 2
wWRR
Equ = ;

fR*wWR
2

fR+wR
2

EqpD =

~e

+ V wRR

fM + £fR

2

fR * wR
W= ——

avef =

~

* EqoH + WwRR x* EqoD;

avef » wM
[-ppa T2

EqD4a = 1 - PH - Exp ;
w
wRM]

2w

.
4

EqD4b =1 - PD - Exp[—PH*

RepeatMax = 200;

ResultH = Table[0, {i, (RepeatMax + 1)}, {j, 2}1]1;
ResultD = Table[0, {i, (RepeatMax + 1)}, {j, 2}]1;
ResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}1;
LogResultBPfix = Table[0, {i, (RepeatMax + 1)}, {j, 2}];
repeat = 0;

For[repeatl =1, repeatl < RepeatMax + 1, repeatl = repeatl + 1,

repeat = repeat + 1;
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(MaxV - 0)

x1=0+ —— % (repeatl -1);
RepeatMax

CondH = EqD4a /. y » x1;

CondD = EqD4b /. y » x1;

sol = Solve[CondH == 0 & CondD == 0 && 0 < PH&& PH< 1 && 0O < PD & PD< 1, {PH, PD}, Reals];

BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];
ResultH[ [repeat, 1]] = x1;
ResultD[[repeat, 1]] = x1;
ResultBPfix|[[repeat, 1]] = x1;
LogResultBPfix [ [repeat, 1]] = x1;
ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH 2 * EqoD
ResultBPfix[[repeat, 2]] = ————— *BPPaiH+ —M8M8M8M—
EqpH + 2 ¥ EqpD EqpH + 2 ¥ EqpD
EqpH
LogResultBPfix [ [repeat, 2]] = Log [10, —— % BPPaiH +

EqpH + 2 * EQoD

E

EqpH + 2 * EQoD

* BPPaiD] ;

gBPfix = ListPlot [ResultBPfix, Joined -» True, PlotRange -» {{0, MaxV}, {-0.01, 0.4}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]

gLogBPfix = ListPlot [LogResultBPfix, Joined -» True, PlotRange » {{0, MaxV}, {-5, 0}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]
0. +1.y

Solve::ratnz : SolveFHB TRVMEBDREM ZENTEXRBATLUL. BENNT IHBRAEMRE, EREMECTIRTZETHENE L.
Solve:ratnz : Solve[3EFE TRWMEABDARZB L ZENTEFRATLUR. BREANN T 2BEBRERS, GREFEICEMRIT I ETHELNELE.

Solve:ratnz : SolveldEZ CTRVMEBDRER ZENTEXBATURL. BENICT 2HBARAERE, BREMECTHRIZZETESNELL.

General::stop : ZOHERIC, Solverratnz®ZhIAEOENREETRENELA. >

04

03

02

0.

-5

Fixation probability from diffusion approximation

>

>

>



SupplementaryFile.nb | 193

Site =10;

fR*wR
2

Op = , sfM » SELfM,

vV wRR
4
' fR;wR + '\/WH fR*wR . ,\/m

Parameters = {SUM - Site, py >
2

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }

Additive = swMM - 2 * SWRM;
2 x Saverage + P * Additive
m=SUM*xp=* (1-p) * ;
2

p* (1L -p)* (B +2*05p)
v = = = 7
8 % Dy * Dp

m
Integrate[— /. Parameters, p] ;
v
1
INI = /. Parameters;
SUM * (E)H +2 *E)D)

10
1]

Integrate[Exp[-2*0Q], {p, O, INI}]

DFfixWS =
Integrate[Exp[-2*Q], {p, 0, 1}]

gDFfixWS10 = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]

gLogDFfixWS10 = Plot[Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio - 0.75]

{SUM% 10, py > 0.666667, pp— 0.333333,
~1000 + 1000 (1 +2.y)

sfM-> 0, swM—> 0., swRM - ,stMa4y}
1000

04

03

02

0.1

-5

Fixation probability from diffusion approximation
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Site = 100;

fR*wR
2

Op = , sfM » SELfM,

vV wRR
4
' fR;wR + '\/WH fR*wR . ,\/m

Parameters = {SUM - Site, py >
2

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }

Additive = swMM - 2 * SWRM;
2 x Saverage + P * Additive
m=SUM*xp=* (1-p) * ;
2

p* (1L -p)* (B +2*05p)
v = = = 7
8 % Dy * Dp

m
Integrate[— /. Parameters, p] ;
v
1
INI = /. Parameters;
SUM * (E)H +2 *E)D)

10
1]

Integrate[Exp[-2*0Q], {p, O, INI}]

DFfixWS =
Integrate[Exp[-2*Q], {p, 0, 1}]

gDFfixWS100 = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» { {MinV, MaxV}, {-0.01, 0.4}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio —» 0.75]

gLogDFfixWS100 = Plot [Log[10, DFfixWS], {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio - 0.75]

{SUM% 100, py > 0.666667, pp— 0.333333,
~1000 + 1000 (1 +2.y)

sfM-> 0, swM—> 0., swRM - ,stMa4y}
1000

04

03

02

0.1

-5

Analytical result (Lineary approximation)



SupplementaryFile.nb | 195

. . 8 % Dy * Dp
FixLinear = —————— % 2 * Sayerage/
(Pu + 2%5p)?
gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.4}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio - 0.75]
gLogFixLinear = Plot[Log[10, FixLinear /. Parameters], {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-5, 0}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

04 .

- ,I,

- ,,’

- 4

4

- ’,,
03 )

L -

L .

L,
L "
.

L L

02} '
,’
L "
L .
-
- d
7’

- ,’
0.1 o

- ,’

,/

L L

L

7

\d L L L L

005 0.10 0.15 020
. . . .

[ 005 0.10 0.15 020
-1t PPtians

L

Foe

- 7

4
L7
’

-2

Lr

1

7
Y

b

L

r

F
b

r

L

3

L

-5
Show [gDFfixWS10, gDFfixWS100, gBPfix, gFixLinear, gNumericallO, gNumericallOO0]
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,

gLogNumericallOO0]

04

03
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Figure for output

axeslabels = {{-5, "0.00001"}, {Log[10, 0.00005], "0.00005"}, {-4, "0.0001"},

{Log[10, 0.0005], "0.0005"}, {-3, "0.001"}, {Log[10, 0.005], "0.005"},

{-2, "0.01"}, {Log[10, 0.05], "0.05"}, {-1, "0.1"}, {Log[10, 0.5], "0.5"}, {0, "1"}};
Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericallO00O, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlo,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange -» {{MinV, MaxV}, {-5, O0}}, AxesOrigin - {0, -5},
Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

wWRR

0.0001
0.00005

S S S SO S
0.05 0.10 0.15 0.20

0.666667

Show [gLogDFfixWS10, gLogDFfixWS100, gLogBPfix, gLogFixLinear, gLogNumericallO,
gLogNumericall00, gCI1410, gCI2410, gCI3410, gCI4410, gCI5410, gCIunderlO,
gCIupperl0, gCI14100, gCI24100, gCI34100, gCI44100, gCI54100, gCIunderl00,
gCIupperl00, PlotRange » {{MinV, MaxV}, {-5, 0}}, AxesOrigin-» {-0.02, -5},
Ticks » {Automatic, axeslabels}, AspectRatio - 0.75]

.

051 ————
—oo—=———————

0.1
0.05

001
0.005

0.001
0.0005

0.0001
0.00005

‘ 0.00 — ().(‘)5 . ().‘l() — ().‘15 E— (J.‘Z(J ‘
= Fig.4(a)
Linear approximation (Moran)

Parameter values
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Clear([x]

Site = 100;
fR=0.5;
BR = x;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

s =0.05;

SELfM = 0;
SELBM = s;
SELSMM = 2 % S;
HETEROSB = 0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELAM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELSMM) ;

dM = dR * (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - BRR
SELARM = —;
BRR
dRR - dRM
SELdRM = ———;
dRR

MinV =0;
MaxV =1;

Saverage = T *

1 SELfM 1
( + SELSM + SELdM| + — * (SELSMM x» HETEROf3 + SELAM x* HETEROd)
2

N

0.05
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4/ BRR * dRR
B —vr

soll = Solve[ = 0.05, x]

2

/BRR * dRR

sol2 = Solve[ =0.2, x]

/ fR+fRxdR | o/BRR * dRR

2

/BRR * dRR

sol3 = Solve[ =0.4, x]

’ fR+fR+dR | \/BRR * dRR

2

/BRR * dRR

sol4 = Solve[ =0.6, x]

’ £R+fR+dR | \/BRR * dRR

2
v BRR * dRR
sol5 = Solve[ =0.8, x]

/ fR+fRxdR | A/BRR % dRR

2

+/ BRR * dRR
N, vy

sol6 = Solve[ =0.95, x]

2

{{x->1.444x10°%}}
{{x—-64000.})}
{{x—-9000.}}
{{x>1777.78}})
{{x>250.}}
{{x—>11.0803}}

Out put

SampleMax = 10000;

ChangeMax =5;

OutputData = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulation

VectpM = Table[0, {SampleMax}];
Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change =1, x= (x/.soll[[1]])];
If[change =2, x = (x/.sol2[[1]])];
If[change =3, x= (x/.sol3[[1]])];
If[change =4, x= (x/.sol4[[1]])];
If[change =5, x= (x/.s0l5[[1]])];
If[change =6, x= (x/.s0l6[[1]])];

sample = 1;



For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqpH = ;

/ —“‘*’32“*‘“‘ + VBRR % dRR

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
XxMM = 0;

xR
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sampleMutation = RandomVariate [MultinomialDistribution [1 ’ {

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
xRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM==0, pPM = —];
XR + xM
IR xMM
If[xR+xM==0, pMm- —2——|;
XRR + XRM + xMM
XRM
dRR 5t MM drR

14
XR + 2 * XxRR

2 * XRR }”
XR + 2 * XxRR !

If[xR+xM#O&&xRR+xRM+xMM#O,pM=

step = 2;
While[O <pM&&pM< 1,

dR * xR
pDeathR = 7
dR * XR + dM % XM + dRR * XRR + dRM * xRM + dMM * xMM
dM * xM
pDeathM = ;
dR * xR + dM * xM + dRR * XxRR + dRM * xRM + dMM * xMM
dRR * XRR
pDeathRR = H
dR * xR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dRM * xRM
pDeathRM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + dRR % XRR + ARM % XRM + dMM % xMM
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
xR = XR - sampleDeath[[1]];
XM = XM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = xRM - sampleDeath[[4]];
XMM = XMM - sampleDeath[[5]];

cR = BRR * XRR +

* XRM;

RM

cM = SMM % xMM + * XRM;

If[xR==0&& xM==0, cRR=0];

fR BR? % xR?
If[xn;eonxm;eo, CRR = —*—]
2

4

BR * XR + M % xM
If[xR=20&& xM==0, cRM=0];

* + *
dR + dRR xRR + XxRM + xMM dR + dRR

4

xM ]
XR + xM
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fR+ fM  BR % BM % XR * xM
1f[xR¢0||xM¢o,cRM= * ];
2 BR * XR + M % xM
If[xR==0&& xM==0, cMM = 0] ;
M BM? 3 xM?
If[xR;eo || xM#£0, cMM = —*—];
2 BR * XR + M * XM
cR
pCellR = H
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
PCellRR = i
cR + cM + cRR + cRM + cMM
cRM
pPCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM’
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
XRR = xRR + sampleBirth[[3]];
XRM = xRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+xMM== , PM = —];
XR + xM
%+XMM
If[xR+xM==O, pM= ——————|;
xRR + xRM + xMM
XRM
dRR 5, txMM dr xM
If[xR+xM¢0&&xRR+xRM+xMM;£O,pM: * + * ];
dR + dRR XRR + XRM + xMM dR + dRR xR + XM

step = step + 1;
E
VectpM[ [sample]] = pM;

OutputData[[countData, 1]] = EqpoH;
OutputData[ [countData, 2]] = pM;
countData = countData + 1;

Resultparameter [ [change]] = EqpH;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]] = EqpH;
OutputResult[ [countResult, 2]] = Total [VectpM];

countResult = countResult + 1;

Print [change]

—_—
~e
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3
4
5
6
Output of the data

Resultparameter

Result

Export[" /Users/Bessho/Desktop/workstation/OutputDataFig4a.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFig4a.txt", OutputResult, "Table"];
{0.05, 0.2, 0.4, 0.6, 0.8, 0.95}

{71., 192., 335., 440., 453., 195.}
Plot

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM[ [change, 1]] = Resultparameter[[change]];

1 Result [ [change]]
PlotpM|[ [change, 2]] * ;

E
gNumerical = ListPlot[PlotpM, PlotRange -» {{0, 1}, {0, 1}},
PlotStyle » {Thickness[0.005], Black}, AspectRatio - 0.75]
PlotpM

10

Saverage SampleMax

081

041 .

02

T S I T S N RO S |
02 04 0.6 08 1.0

{{0.05, 0.142}, {0.2, 0.384}, {0.4, 0.67}, {0.6, 0.88}, {0.8, 0.906}, {0.95, 0.39}}

Wilson score interval (95% Confidence interval)

Because the probability variable e (where, estimated fixation probability 7z = = and the fixation probability u) approximately depends
u(l-u)/n n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

z2=1.96;
n R 1 2 1 R 1 2 . Result
z= u+ *Z° - Z % —*u*(l—u)+ * Z /.n- SampleMax /. u» ———
n + z?2 2%n n 4 xn? SampleMax
n R 1 2 1 R 1 2 . Result
Z = u+ *Z° + 2% —*u*(l—u)+ * 2 /.n- SampleMax /. u» ———
n + z?2 2%n n 4 xn? SampleMax

{0.00563309, 0.0166892, 0.0301485, 0.0401522, 0.0413956, 0.0169686}
{0.00894547, 0.0220801, 0.0372098, 0.048198, 0.0495536, 0.0224004}
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PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper[[change, 1]] = Resultparameter[[change]];

1
PlotCIunder[[change, 2]] = — % z[ [change]];
Saverage
1
PlotCIupper[[change, 2]] = — *Z[ [change]];
Saverage

E
gCIupperDot = ListPlot[PlotCIupper, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot[PlotCIunder, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gNumerical, gCIunderDot, gCIupperDot]

0.6F .
041 . .

024

S S S TS S B S |
02 04 0.6 08 1.0

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];
gCIunder = ListPlot [PlotCIunder, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle -» {Thickness[0.005], Black}, PlotMarkers » {"-"}];

Show [gNumerical, gCIunder, gCIupper]

08 -

0.6 -

021

T S S TS S B SR |
02 04 0.6 08 1.0

PlotCIl = Table[0, {i, 2}, {j, 2}];
PlotCI2 = Table[O0, {i, 2}, {j, 2}];
PlotCI3 = Table[O, {i, 2}, {j, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}];
PlotCI5 = Table[O, {i, 2}, {j, 2}];
PlotCI6 = Table[O, {il 2}, ‘[Jl 2}1;

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI1[[1, 1]] = Resultparameter[[1l]];

1
PlotCI1[[1, 2]] = —*z[[1]];

S average

PlotCI1[[2, 1]] = Resultparameter[[1l]];



PlotCI1l[[2, 2]]

*Z[[1]];

saverage

PlotCI2[[1, 1]] = Resultparameter[[2]];

1
PlotCI2[[1l, 2]] = —— %z [[2]];

Saverage

PlotCI2[[2, 1]] = Resultparameter[[2]];

1
PlotCI2[[2, 2]] = —— *Z[[2]];

S average

PlotCI3[[1, 1]] = Resultparameter[[3]];

1
PlotCI3[[1, 2]] = — %z[[3]1];

saverage

PlotCI3[[2, 1]] = Resultparameter[[3]];

1
PlotCI3[[2, 2]] = —— *Z[[3]];

Saverage

PlotCI4[[1, 1]] = Resultparameter|[[4]];

1
PlotCI4[[1, 2]] = —*z[[4]1];

Saverage

PlotCI4[[2, 1]] = Resultparameter[[4]];

1
PlotCI4[[2, 2]] = — *xZ[[4]];

Saverage

PlotCI5[[1, 1]] = Resultparameter[[5]];

1
PlotCI5[[1, 2]] = —— xz[[5]];

saverage

PlotCI5[[2, 1]] = Resultparameter[[5]];

1
PlotCI5[[2, 2]] = —— *xZ[[5]];

Saverage

PlotCI6[[1, 1]] = Resultparameter[[6]];

1
PlotCI6[[1, 2]] = —— %xz[[6]];

Saverage

PlotCI6[[2, 1]] = Resultparameter[[6]];

1
PlotCI6[[2, 2]] = —— *Z[[6]];

Saverage
E

gCIl = ListPlot[PlotCI1l, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4 = ListPlot[PlotCI4, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot[PlotCI6, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];

Show [gNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCIunder, gCIupper]
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Analytical result (Branching process)

Clear([y]

Site =100;
fR=0.5;
BR=y;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

s =0.05;
SELfM = O;
SELBM = s;

SELSMM = 2 % S;
HETEROB = 0.5;
SELAM = 0;
SELdAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BAMM = BRR * (1 + SELSMM) ;

dM = dR x (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELdMM) ;

BRM - SRR
SELSRM = ———— ;
BRR
dRR - dRM
SELdRM = ———
dRR
+/BRR x dRR
EqPH = H

—fR*BZR*dR + VBRR * dRR

£R2BRrdR
2

EqoED = H

—fR*BZR*dR + V BRR % dRR

FaiR= —;

FaiM =



SupplementaryFile.nb | 205

BRR
FaiRR = —;

dRR

BRM
FaiRM = ;

dRM

fM + fR
avef = ——;
2

fR
FaiR2 = — * FaiR;
2

avef

FaiM2 = * FaiM;

FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

FaiM2 % FaiRM + % * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 x* FaiRR
BPPaiD = ;

FaiM2 x FaiRM + 2 * FaiM2 » ¥ FaiR2 * FaiRR

EqpH 2 x EqoD
BPfix = ————  — x BPPaiH + ——— x BPPaibD;
EqpH + 2 * EQoD EqpH + 2 * EQoD
MinV =0;
MaxV = 10;
RepeatMax = 100;
PlotBP = Table[0, {i, RepeatMax}, {j, 2}];

For [repeat =1, repeat < RepeatMax - 1, repeat = repeat + 1,

(MaxV - MinV)

yl=MinV + ————  * (repeat - 1) ;
RepeatMax
v BRR * dRR 1
fracH = /.y-107";

’ —fR*B:*"R + VBRR % dRR

U=BPfix /.y - 10Y};
PlotBP[ [repeat, 1]] = fracH;

U
PlotBP[ [repeat, 2]]

E
gBPfix = ListPlot [PlotBP, PlotRange » {{0, 1}, {0, 1}}, PlotStyle » {Thickness[0.005], Red},
Joined » True, AspectRatio - 0.75]

.
4
Saverage

0.

o

04

0.2

02 04 0.6 0.8 10

Analytical result (Diffusion/Additive gene)
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Parameters = {SUM - Site, dg » dR, dzg > dRR, pp > 1 - By, sfM -» SELfM, sf3M -» SELSM,
sRM -» SEL3RM, sMM - SELBMM, sdM -» SELdM, sdRM -» SELdRM, sdMM -» SELdMM }

— dg + dgr

d = — /. Parameters;

Se = 2 * Saverage’

2 % Py * Pp
Ne = 3 3 * SUM;
Ry +2x B xpy
d d
1
INI = / . Parameters;

SUM * (51{ +2 *;3D)
EffectiveS = s, /. Parameters;
EffectiveN = N, /. Parameters;
1 -Exp[-2*xEffectiveS *EffectiveN % INI]

DFfixWS2 =
1 -Exp[-2*xEffectiveS * EffectiveN]
DFfixWS2
gDF£ixWS2 = Plot[—, {Bus 0, 1}, PlotRange » {{0, 1}, {0, 1}},
Saverage

PlotStyle » {Thickness[0.005], Blue}, AspectRatio - 0.75] ;
Show [gDFfixWS2]
{SUM» 100, dg > 0.005, dgr > 0.005, pp>1-py, sftM-> 0,
sfpM- 0.05, sBRM > 0.05, spMM > 0.1, sdM—> 0, sdRM-~ 0., deM%O}
) 0.4 (1-5}1) OH
1-e (2 (1-pu)+Pu) (2. (1-Pu)+1- on)

40. (1-py) pu

1_e 2 (1-pg)+1. bm

Analytical result (Linear approximation)
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. 8 % py * Pp
Ulinear =

ﬁ * Saverage /+«pPp->1-pu;
Pu + 4 * Op

Ulinear
gUlinear = Plot| —

/. Parameters, {py, 0, 1}, PlotRange-» {{O, 1}, {0, 1.0}},

S average

PlotStyle » {Thickness[0.005], Black, Dashed}, AspectRatio » 0.75] ;

Show[gUlinear]
101 P
-
[ /,/’ \\\
L e N
I’ AY
0.8 /l \\
L ,, \
L ,, \
L J/ \
0.6 4 \
7/ \
L / \
L / v
L i \‘
04 / \
L V4 1
L J/ \
L / \
4 \
02F / \
L 4 1
[/ \
L/ !
4 L L L L \
02 04 0.6 0.8 10
Fully hap and dip

fully = Plot[1 + O x py /. Parameters, {py, O, 1}, PlotRange » {{0, 1}, {0, 2.0}},
PlotStyle » {Thickness[0.005], Gray}, AspectRatio - 0.75];

Show[gUlinear, gDFfixWsS2, gBPfix, gNumerical, fully, gCIl, gCI2, gCI3, gCI4, gCI5,
gCI6, gCIunder, gCIupper, AspectRatio - 0.75]

10

08
0.6

04

0.

i

= Fig.4(b)
Linear approximation (WF)

Parameter values
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Clear([x]
Site = 100;

fR=0.5;
wWR = x;
wRR = 1000;

s =0.05;

SELfM = 0;
SELWM = s
SELWMM = 2 x S;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR % (1 + SELwM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = ———;
wRR

MinV = 0;
MaxV =1;

Saverage = T *

1 (SELfM 1
( + SELwM| + — % (SELwWMM * HETEROwW)
2

N

0.05
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“ wRR
soll = Solve[ = 0.05, x]
fR*wR WRR
V wRR
sol2 = Solve[ =0.2, x]
fR*wR WRR
2
v wRR
sol3 = Solve[ =0.4, x]
fR*wWR WRR
v wRR
sol4 = Solve[ =0.6, x]
fR*WR WRR
2
V wRR
sol5 = Solve[ =0.8, x]
fR*wR WRR
2
V wRR
sol6 = Solve[ = 0.95, x]
fR*wR WRR

2

{{x->1.444x10°%}}
{{x—-64000.})}
{{x—-9000.}}
{{x>1777.78}})
{{x>250.}}
{{x—>11.0803}}

Out put

SampleMax = 10000;

ChangeMax =5;

OutputData = Table[0, {i, SampleMax » (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulaton

VectpM = Table[0, {SampleMax}];
Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change = 1;

For [change = 1, change < ChangeMax + 1, change = change + 1,

If[change =1, x= (x/.soll[[1]])];
If[change =2, x = (x/.sol2[[1]])];
If[change =3, x= (x/.sol3[[1]])];
If[change =4, x= (x/.sol4[[1]])];
If[change =5, x= (x/.s0l5[[1]])];
If[change =6, x= (x/.s0l6[[1]])];

sample = 1;
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For[sample =1, sample < SampleMax, sample = sample + 1,

v wRR

Equ = H

xR = Round [Site * EqoH] ;

xM=0;

XRR = Site - xR;
XRM = 0;
xMM = 0;

. . . . . . xR 2 x* XRR
sampleMutation = RandomVariate [Mult:.nom:.alD:.str:.but:.on [1 ’ { ’ }] ] 7
XR + 2% xRR  XR + 2 » XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM==0, pM:—];
XR + xM
IR, xMM
If[xR+xM==0, pMm- —2——|;
XRR + XRM + xMM

XRM
T + xMM 1 xM

1
If[xR+xM#O&&xRR+xRM+xMM#O,pM:—* + — % ];
2 XxRR+XRM+xMM 2 xR+ xM
step = 2;
while[o <pM&&pM<1,
wWRM

cR = WRR * XRR + * XRM;

wRM

CcM = WwMM % XMM + * XRM;

If[xR==0&& xM==0, cRR=0];

fR wR? » xR?
If[xn;eo [] XM#0, CRR = —*—]
2 WR * XR + WM * XM

If[xR=20&& xM==0, cRM=0];

4

fR+ fM WR * WM * XR % xM
If[xn¢0||xM¢o,cRM= * ];
2 WR * xR + WM » xM
If[xR==0&& xM==0, cMM = 0] ;
M wM? % xM?
If|xR#0 || xM#0, cMM:—*—]-
2 WR * XR + wM * xM
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = i
cR + cM + cRR + CRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cRM + cMM
cMM
pCellMM =

cR+cM+cRR+cRM+cMM'
sampleBirth = RandomVariate [MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = sampleBirth[[1]];
XM = sampleBirth[[2]];
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XRR = sampleBirth[[3]];
XRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

xM
If[xRR+xRM+xMM==O,pM=—];
XR + xM
R, xMM
If[xR+xM==0, pM:z—;
XRR + xRM + xMM
XRM
1 T+XMM 1 *M
If[xR+xM¢0&&xRR+xRM+xMM;EO,pM:—*—+—*—];
2 xRR+xRM+xMM 2 xR+ xM

step = step + 1;
E
VectpM[ [sample]] = pM;

OutputData[ [countData, 1]] = EqpH;
OutputData[ [countData, 2]] = pM;
countData = countData + 1;

Resultparameter|[ [change]] = EqpH;
Result[[change]] = Total [VectpM];

OutputResult[ [countResult, 1]] = EqpH;
OutputResult[ [countResult, 2]] = Total [VectpM];

countResult = countResult + 1;

Print [change]

1

2

3

4

5

6

Output of the data
Resultparameter
Result

Export["/Users/Bessho/Desktop/workstation/OutputDataFig4b.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFig4b.txt", OutputResult, "Table"];

{0.05, 0.2, 0.4, 0.6, 0.8, 0.95}
(185, 424, 703, 885, 858, 436}

Plot
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PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
For [change = 1, change < ChangeMax + 1, change = change + 1,

PlotpM[ [change, 1]] = Resultparameter[[change]];

1 Result [ [change]]
* .
Saverage SampleMax

PlotpM[ [change, 2]]

E
gNumerical = ListPlot[PlotpM, PlotRange » {{0, 1}, {0, 2.0}},
PlotStyle » {Thickness[0.005], Black}, AspectRatio-» 0.75]
PlotpM

20

051

S T S I T S N RO S S|
02 04 0.6 0.8 1.0

{{0.05, 0.37}, {0.2, 0.848}, {0.4, 1.406}, {0.6, 1.77}, {0.8, 1.716}, {0.95, 0.872}}

Wilson score interval (95% Confidence interval)

Yfl*ll

\/ u(1-u)/n

Because the probability variable

(where, estimated fixation probability # = = and the fixation probability u) approximately depends
n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

z2=1.96;
n R 1 2 1 " 1 2 ~
z= u+ *2° -z % —*u*(l—u)+ *Z /.n- SampleMax /. u -
n+ z2 2%n n 4 % n?
n R 1 2 1 . 1 2 ~
Z = u + *Z° + Z % —*u*(l—u)+ * Z /.n- SampleMax /. U -
n+ z2 2%n n 4 % n?

{0.0160378, 0.0386232, 0.0654525, 0.08309, 0.0804685, 0.0397698}
{0.021332, 0.0465283, 0.0754775, 0.094226, 0.0914497, 0.0477807}
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PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper[[change, 1]] = Resultparameter[[change]];

1
PlotCIunder[[change, 2]] = — % z[ [change]];
Saverage
1
PlotCIupper[[change, 2]] = — *Z[ [change]];
Saverage

E
gCIupperDot = ListPlot[PlotCIupper, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot[PlotCIunder, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Blue}];
Show [gNumerical, gCIunderDot, gCIupperDot]

05

S S S TS S B S |
02 04 0.6 08 1.0

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers » {"-"}];
gCIunder = ListPlot [PlotCIunder, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle -» {Thickness[0.005], Black}, PlotMarkers » {"-"}];

Show [gNumerical, gCIunder, gCIupper]

05

T S S TS S B SR |
02 04 0.6 08 1.0

PlotCIl = Table[0, {i, 2}, {j, 2}];
PlotCI2 = Table[O0, {i, 2}, {j, 2}];
PlotCI3 = Table[O, {i, 2}, {j, 2}1;
PlotCI4 = Table[O0, {i, 2}, {j, 2}];
PlotCI5 = Table[O, {i, 2}, {j, 2}];
PlotCI6 = Table[O, {il 2}, ‘[Jl 2}1;

For [change =1, change < ChangeMax + 1, change = change + 1,
PlotCI1[[1, 1]] = Resultparameter[[1l]];

1
PlotCI1[[1, 2]] = —*z[[1]];

S average

PlotCI1[[2, 1]] = Resultparameter[[1l]];
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PlotCI1l[[2, 2]]

*Z[[1]];

saverage

PlotCI2[[1, 1]] = Resultparameter[[2]];

1
PlotCI2[[1l, 2]] = —— %z [[2]];

Saverage

PlotCI2[[2, 1]] = Resultparameter[[2]];

1
PlotCI2[[2, 2]] = —— *Z[[2]];

S average

PlotCI3[[1, 1]] = Resultparameter[[3]];

1
PlotCI3[[1, 2]] = — %z[[3]1];

saverage

PlotCI3[[2, 1]] = Resultparameter[[3]];

1
PlotCI3[[2, 2]] = —— *Z[[3]];

Saverage

PlotCI4[[1, 1]] = Resultparameter|[[4]];

1
PlotCI4[[1, 2]] = —*z[[4]1];

Saverage

PlotCI4[[2, 1]] = Resultparameter[[4]];

1
PlotCI4[[2, 2]] = — *xZ[[4]];

Saverage

PlotCI5[[1, 1]] = Resultparameter[[5]];

1
PlotCI5[[1, 2]] = —— xz[[5]];

saverage

PlotCI5[[2, 1]] = Resultparameter[[5]];

1
PlotCI5[[2, 2]] = —— *xZ[[5]];

Saverage

PlotCI6[[1, 1]] = Resultparameter[[6]];

1
PlotCI6[[1, 2]] = —— %xz[[6]];

Saverage

PlotCI6[[2, 1]] = Resultparameter[[6]];

1
PlotCI6[[2, 2]] = —— *Z[[6]];

Saverage
E

gCIl = ListPlot[PlotCI1l, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI2 = ListPlot[PlotCI2, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI3 = ListPlot[PlotCI3, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI4 = ListPlot[PlotCI4, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined -» True];
gCI5 = ListPlot [PlotCI5, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
gCI6 = ListPlot[PlotCI6, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Black}, Joined - True];
Show[gNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCIunder, gCIupper]
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Analytical result (Branching process)

Clear([y]

Site =100;
fR=0.5;
WR =Y;
wRR = 1000;

s=0.05;

SELfM = 0;
SELWM = s;
SELWMM = 2 x S;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELwM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

wWRM - wRR
SELWRM = ——;
wRR
wRR
EqPH = H
Bk uRR
fR+wR
2
EqED = H
fR*wR WRR
2
fM + fR
avef = ———;
fR * wR
W= —— % EqoH + WwRR » EqoD;
2

avef x wM
EgD3a =1 - PH - Exp[—PD* —]
w

WRM]

i

EgqD3b =1 - PD—Exp[—PH*
2%W
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MinV =0;

MaxV = 10;

RepeatMax = 100;

ResultBPfix = Table[0, {i, (RepeatMax)}, {j, 2}];
repeat = 0;

For[repeatl =1, repeatl < RepeatMax, repeatl = repeatl + 1,

repeat = repeat + 1;

(MaxV - MinV)

yl=0+ * repeatl;

RepeatMax
CondH = EqD3a /. y » 10¥};
CondD = EqD3b /. y » 107};
sol = NSolve[CondH == 0 & CondD == 0 && O < PH && PH< 1 && O < PD & PD< 1, {PH, PD}, Reals];
BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];

fracH = /.y~ 10%%;

wRR

EqpH 2 * EQoD

s * BPPaiD /. y » 10¥%;
EqpH + 2 * EqoD

U * BPPaiH

+

EqpH + 2 * EqoD

ResultBPfix[[repeat, 1]] = fracH;
U
ResultBPfix[[repeat, 2]] = ;
Saverage

|
gBPfix = ListPlot [ResultBPfix, Joined » True, PlotRange -» {{0, 1}, {0, 2}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio—» 0.75];

Show [gBPfix]

NSolve::ratnz :
NSolve::ratnz :
NSolve::ratnz :

General::stop :

20

0.5

02 04 0.6 0.8 10

Analytical result (Diffusion/Additive gene)

NSolve [ @Z CRVMAREIR DREM I ENTEEFEATLUR.
NSolve [FEZ TIRUVMERERFI DREMS ZENTEEHATULUL.
NSolve[@BZTRWMERZERF DRERL ZENTEELBATUR.

ZDFEARIC, NSolverratnzOZhM EOEHERRThERA.

BEEMIST 2HEBRERVT, BREMERKT BT LTHOINELE.

ZEEWIST2BBRERNC, BGREMEXT S ETHINEILL.

ZEERWIST SBBRERNT,

>

EREHErITZZETHRENELE.

>

>

>
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Parameters = {SUM - Site, By » 1 - By, sfM > SELfM, swM - SELwM, swRM » SELWRM, swMM - SELwMM }
Se = 2 * Saverage’

4 %Dy * Dp
N. = ———— » SUM;

P +2%*Pp

1
/. Parameters;
SUM * (ﬁﬂ +2 *ﬁn)

INI =

EffectiveS = s, /. Parameters;
EffectiveN = N, /. Parameters;

1 -Exp[-2xEffectiveS *EffectiveN % INI]
DFfixWS2 =

1 -Exp[-2xEffectiveS * EffectiveN]
DFfixWS2
gDF£ixWS2 = Plot[—

I {bﬂl o, 1}1 PlotRange » {{0, 1}, {0, 2}},
Saverage

PlotStyle » {Thickness[0.005], Blue}, AspectRatio—- 0. 75] ;
Show [gDFfixWS2]

0.8 (1-pw) Au

{suM 100, pp—>1- Py, sfM—>0, swM— 0.05, SWRM - 0.05, swMM - 0.1}
1_e (2(1-Pu)+tu)?

_80. (1-6m) om

1_¢ 2 (l—bH)+[3H

L L L ,
02 04 0.6 0.8

Analytical result (Linear approximation)

. 8 % py * Pp
Ulinear = ——M8M8M8M8MM

2 * 2 % Sayerage /+ Pp 2 1 - Pu;
(ou + 2 * pp)
Ulinear
gUlinear = Plot

/. Parameters, {py, 0, 1}, PlotRange -» {{0O, 1}, {0, 2.0}},
Saverage

PlotStyle » {Thickness[0.005], Black, Dashed}, AspectRatio » 0.75] ;

Show[gUlinear]
20 JUETLES -
Ras \\
’/ Y
’

1.0

0.

7

L \
Q

\
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\

\

\

4 'y

Fully hap and dip

fully = Plot[2 + O *py /. Parameters, {py, 0, 1}, PlotRange - {{0, 1}, {0, 2.0}},
PlotStyle » {Thickness[0.005], Gray}, AspectRatio - 0.75];
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Show[gBPfix, gUlinear, gDFfixWS2, gNumerical, fully, gCIl, gCI2, gCI3, gCI4, gCI5,
gCI6, gCIunder, gCIupper, AspectRatio» 0.75]

20 =
- ’/’ \‘\
- \
L /z \\
r /
L /% \S
15 Y \
L W \
4
L /4
4
L 4
L /
10+ ¥
05
[, 1
\
S T S Y Y NSRS
02 04 0.6 0.8 1.0
= Fig.5(a)

Linear approximation (Moran)

Parameter values (dR << dRR)
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Site =100;
fR=0.5;
BR =x;
BRR = 1000;

dR = 0.0005;
dRR = 0.005;

s =0.05;
SELfM = 0;
SELBM: S;

SELSMM = 2 xS ;
HETEROB = 0.5;
SELAM = 0;
SELdMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELSM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELARM = ——;
BRR
dRR - dRM
SELARM = ——8M8M;
dRR
MinV = 0;
MaxV =1;
dR
dr
dR+dRR
dRrR
dR + dRR
1 SELfM 1
Saverage = — * ( + SELAM + SELdM) + — % (SELMM » HETEROf3 + SELdM » HETEROd)
2 2
0.0055
0.0909091

0.05
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4/ BRR * dRR
B —vr

soll = Solve[ = 0.05, x]

2

/BRR % dRR
/ fR+fRxdR | o/BRR * dRR

sol2 = Solve[ =0.2, x]

2

4/ BRR * dRR
vy

2

sol3 = Solve[ =0.5, x]

4/ BRR * dRR
BN,y

sol4 = Solve[ =0.8, x]

2
4/ BRR * dRR
EE ey

2

sol5 = Solve[ =0.95, x]

{{x>1.444x107}}
{{x>640000.}}
{{x—>40000.}}
{{x—>2500.}}
{{x>110.803}}

Out put

SampleMax = 10 000;

ChangeMax = 4;

OutputDatal = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResultl = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulation

VectpM = Table[0, {SampleMax}];
Resultparameterl = Table[0, {ChangeMax + 1}];
Resultl = Table[0, {ChangeMax + 1}];

change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x= (x/.soll[[1]])];
If[change =2, x = (x/.sol2[[1]])];
If[change =3, x= (x/.sol3[[1]])];
If[change =4, x= (x/.sol4[[1]])];
If[change =5, x= (x/.s0l5[[1]])];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqPH = H

/ —fR*BZ“*dR + VBRR % dRR
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xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
XxMM = 0;

xR 2 * XRR
sampleMutation = RandomVariate [MultinomialDistribution [1 ’ { }] ] ;

XR + 2% XRR xR + 2  XRR
xR = xR - sampleMutation[[1]];

XM = XM + sampleMutation[[1]];

XRR = XRR - sampleMutation[[2]];

XRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM==0, pM:—];
XR + xM
R, xMM
If[xR+xM==0, pMm- —2——|;
XRR + XRM + xMM
XRM
dRR 5t xMM drR XM
If[xR+xM#0&&xRR+xRM+xMM#O,pM= * + * ];
dR + dRR xXRR + XRM + xMM dR + dRR xR + XM

step = 2;
while[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * xR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dM * xM
pDeathM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dRR * XRR
pDeathRR = ;
dR * XR + dM * XM + dRR * XRR + dRM * XxRM + dMM * XMM
dRM * xRM
pDeathRM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + ARR # XRR + dRM % XRM + dMM » xMM _
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
%R = XR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = XRM - sampleDeath[[4]];
XMM = XxMM - sampleDeath[[5]];

ARM
cR = BRR * XRR +

* XRM;

BRM
cM = MM * xMM +

* XRM;

If[xR=20&& xM==0, cRR=0];
fR BR? % xR?
If[xR#O || xXM#0, cRR = —*—]
2 BR * XR + M % XM
If[xR=2=0&& xM==0, cRM=0];
fR + £M BR*BM*XR*XM]
* .

4

14

If[xR¢0||xM¢0, CcRM =

2 BR * xR + M % XM
If[xR==0&& xM==0, cMM = 0] ;
M BM? & xM?
If|xR#0 || xM#0, cMM:—*—];
2 BR % XR + M * xM

cR

pCellR = ;
cR + cM + cRR + CRM + cMM
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cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
pPCellRM = :
cR + cM + cRR + cRM + cMM
cMM
pCellMM = o

cR+cM+cRR+cRM+cMM’
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
%RR = xRR + sampleBirth[[3]];
XxRM = xRM + sampleBirth[[4]];
XMM = xMM + sampleBirth[[5]];

xM
If[xRR+xR.M+xMM==0, pM = —];
XR + xM
?+x1~m
If[xR+xM==O, pM= —————|;
xRR + xRM + xMM
XRM
dRR 5 dr xM
If[xR+xM¢0&&xRR+xRM+xMM¢0,pM: * + * ];
dR + dRR XRR + XRM + xMM dR + dRR xR + XM

step = step + 1;
E
VectpM[ [sample]] = pM;

OutputDatal[[countData, 1]] = EqpoH;
OutputDatal[[countData, 2]] = pM;
countData = countData + 1;

[E—
~e

Resultparameterl[[change]] = EqpH;
Resultl[[change]] = Total [VectpM];
OutputResultl[[countResult, 1]] = EqpH;
OutputResultl[[countResult, 2]] = Total [VectpM];
countResult = countResult + 1;

Print [change]

[E—
~e

u s W N

BH)T
Clear([x]

Parameter values (dR << dRR)
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fR=0.5;
BR = x;
BRR = 1000;

dR = 0.005;
dRR = 0.0005;

s =0.05;
SELfM = 0;
SELSM = s;

SELSMM = 2 xS ;
HETEROSB = 0.5;
SELAM = 0;
SELdMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROf3 * SEL3MM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - BRR
SELSRM = —8M8M8;
BRR
dRR - dRM
SELARM = —M8M;
dRR
dR
dR
dR+dRR
dRr
dR + dRR
1 SELfM 1
Saverage = T * ( + SELM + SELdM) + — % (SEL3MM » HETEROf3 + SELAM » HETEROd)
2 2
0.0055
0.909091

0.05
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4/ BRR * dRR
B —vr

soll = Solve[ = 0.05, x]

2

/BRR % dRR
/ fR+fRxdR | o/BRR * dRR

sol2 = Solve[ =0.2, x]

2

4/ BRR * dRR
vy

2

sol3 = Solve[ =0.5, x]

4/ BRR * dRR
BN,y

sol4 = Solve[ =0.8, x]

2
4/ BRR * dRR
EE ey

2

sol5 = Solve[ =0.95, x]

{{x—->144400.}}
{{x—>6400.}}
{{x—>400.}}
{{x->25.}}
{{x—>1.10803}}

Out put

OutputData2 = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}1;
OutputResult2 = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult =1;

Simulation

VectpM = Table[0, {SampleMax}];
Resultparameter2 = Table[0, {ChangeMax + 1}];
Result2 = Table[0, {ChangeMax + 1}];

change = 1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x= (x/.soll[[1]])];
If[change =2, x = (x/.sol2[[1]])];
If[change =3, x= (x/.sol3[[1]])];
If[change =4, x= (x/.sol4[[1]])];
If[change==5, x= (x/.s0l5[[1]])];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

EqpPH = H

/ —fR*BZ“*dR + VBRR % dRR

xR = Round [Site * EqoH] ;
xM =0;




SupplementaryFile.nb | 225

XRR = Site - xR;
XRM = 0;
XxMM = 0;

xR 2 x* XRR
sampleMutation = RandomVariate [MultinomialDistribution [1 p { ’ }] ]
xR+ 2% xRR  XR + 2 » XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];
XxMM = 0;

XRM
dRR 5 txMM drR XM
PM = * + * ;
dR + dRR  xRR + XRM + xMM dR + dRR xR + XM

step = 2;
while[o <pM&&pM<1,

dR * xR
pDeathR = 7
dR * XR + dM * XM + dRR * XRR + dRM * xRM + dMM * xMM
dM * xM
pDeathM = ;
dR * xR + dM * xM + dRR * XxRR + dRM * XxRM + dMM * xMM
dRR * XRR
pDeathRR = H
dR * xR + dM % XM + dRR * XRR + dRM * XxRM + dMM * xMM
dRM * xRM
pDeathRM = 7
dR * xR + dM * XM + dRR * XxRR + dRM * XxRM + dMM * xMM
dMM » xMM
pDeathMM =

dR % XR + dM % XM + ARR * XRR + dRM % XRM + dMM * xMM _
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
%R = XR - sampleDeath[[1]];
XM = XM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = XxRM - sampleDeath[[4]];
XMM = XMM - sampleDeath[[5]];

cR = BRR * XRR + * XRM;

BRM

cM = MM % xMM + * XRM;

If[xR==0&& xM==0, cRR=0];

fR BR? % xR?
If[xR#OIIxM;&O, CRR = —*—]
2

4

BR * xR + M * xM
If[xR=2=0&& xM==0, cRM=0];

fR+ fM  BR *x BM % XR * xM
If[xR¢0||xM¢0,cRM= * ];
2 BR * xR + M % XM
If[xR==0&& xM==0, cMM = 0] ;
M BM? & xM?
If[xR;eo || xXM#0, cMM = —*—];
2 BR * XR + M * xM
cR
pCellR = H
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + cCRM + cMM
cRR
PCellRR = ;
cR + cM + cRR + cRM + cMM
cRM
pPCellRM = ;

r
cR + cM + cRR + CRM + cMM
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cMM

pCellMM = ;
cR + cM + cRR + cRM + cMM

sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

%R = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
XRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
xMM = xMM + sampleBirth[[5]];

XRM
dRR 5 rxm dr xM
= * + * H
dR+dRR XRR + XRM + xXMM dR + dRR xR + XM

pM

step = step + 1;
E
VectpM|[ [sample]] = pM;

OutputData2|[ [countData, 1]] = EqpH;
OutputData2[[countData, 2]] = pM;
countData = countData + 1;

[E—
~e

Resultparameter2[[change]] = EqpH;
Result2[[change]] = Total [VectpM];
OutputResult2[[countResult, 1]] = EqpH;
OutputResult2[[countResult, 2]] = Total [VectpM];
countResult = countResult + 1;

Print [change]

u s W N

Output of the data

Resultparameterl

Resultl

Resultparameter2

Result2

Export["/Users/Bessho/Desktop/workstation/OutputDataFig5al.txt", OutputDatal, "Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig5al.txt", OutputResultl,
"Table"];

Export["/Users/Bessho/Desktop/workstation/OutputDataFig5a2.txt", OutputData2, "Table"];

Export["/Users/Bessho/Desktop/workstation/OutputResultFig5a2.txt", OutputResult2,
"Table"];

{0.05, 0.2, 0.5, 0.8, 0.95}

{58., 112., 333., 570., 488.}

{0.05, 0.2, 0.5, 0.8, 0.95}

{230., 471., 570., 301., 131.}
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PlotpMl = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpM2 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpMl[ [change, 1]] = Resultparameterl[[change]];

PlotpMl[ [change, 2]] =

Resultl][[change]]
* .
Saverage SampleMax !

PlotpM2 [ [change, 1]] = Resultparameter2[ [change]];

PlotpM2 [ [change, 2]] =

I

*
Saverage SampleMax

Result2[[change]]
i

gNumericall = ListPlot[PlotpMl, PlotRange -» {{0, 1}, {0, 1.5}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]
gNumerical2 = ListPlot [PlotpM2, PlotRange -» {{0, 1}, {0, 1.5}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio -» 0.75]
PlotpM1l
PlotpM2

12

1.0

0.8

0.6

04

02

0.6

04f

14]-

08

L
02

L
04

L
0.6

L ,
0.8 10

{{0.05, 0.116}, {0.2, 0.224}, {0.5, 0.666}, {0.8, 1.14}, {0.95, 0.976}}
{{0.05, 0.46}, {0.2, 0.942}, {0.5, 1.14}, {0.8, 0.602}, {0.95, 0.262}}

Wilson score interval (95% Confidence interval)

Because the probability variable

u—u

v u(1-u)/n

(where, estimated fixation probability # = = and the fixation probability u) approximately depends
n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
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z=1.96;
n R 1 2 1 R 1 2 R Resultl
zl = u + *2° -2z % —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z?2 2x%n n 4 xn? SampleMax
_ n R 1 2 1 R 1 2 . Resultl
zl = u + *2° + 2% —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z2 2%n n 4 % n? SampleMax
n R 1 2 1 R 1 2 . Result2
z2 = u + *Z2° - 2% —*u*(l—u)+ * Z /.n- SampleMax /.U > ————
n + z2 2%n n 4 % n? SampleMax
_ n R 1 2 1 R 1 2 . Result2
z2 = u+ *2° + 2% —*u*(l—u)+ *Z /.n- SampleMax /. u» ———
n + z2 2%n n 4 % n? SampleMax

{0.00448966, 0.00931696, 0.0299587, 0.0526237, 0.0447477}
{0.0074899, 0.0134585, 0.0369997, 0.0617165, 0.0531988}
{0.0202399, 0.0431188, 0.0526237, 0.0269273, 0.011051}
{0.0261264, 0.0514291, 0.0617165, 0.0336336, 0.015523}

PlotCIunderl = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotCIupperl = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotCIunderl[[change, 1]] = Resultparameterl[[change]];
PlotCIupperl[[change, 1]] = Resultparameterl|[[change]];

1
PlotCIunderl[[change, 2]] = *zl[[change]];
Saverage
PlotCIupperl[[change, 2]] = % z1[[change]];
saverage

E
zl
Resultl
SampleMax
zl
gCIupperl = ListPlot [PlotCIupperl, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Red}, PlotMarkers -» {"-"}];
gCIunderl = ListPlot[PlotCIunderl, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Red}, PlotMarkers » {"-"}];

PlotCI141 = Table[O0, {i, 2}, {j, 2}1;
PlotCI241 = Table[O0, {i, 2}, {j, 2}1;
PlotCI341 = Table[O0, {i, 2}, {j, 2}];
PlotCI441l = Table[O0, {i, 2}, {j, 2}];
PlotCI5#1 = Table[0, {i, 2}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotCI141[[1, 1]] = Resultparameterl[[1]];

1
PlotCI141[[1, 2]] = —— »21[[1]];

Saverage

PlotCI141[[2, 1]] = Resultparameterl[[1]];

1
PlotCI141[[2, 2]] = —— %21[[1]];

Saverage

PlotCI241[[1, 1]] = Resultparameterl[[2]];

1
PlotCI241[[1, 2]] = — %z1[[2]];

saverage

PlotCI241[[2, 1]] = Resultparameterl[[2]];

1
PlotCI241[[2, 2]] = —— *z1[[2]];

Saverage



].

PlotCI34¢1[[1, 1]] = Resultparameterl[[3]];

1
PlotCI341[[1, 2]] = —— +z1[[3]];

Saverage

PlotCI34¢1[[2, 1]] = Resultparameterl[[3]];

1
PlotCI341[[2, 2]] = ——— »z1[[3]];

Saverage

PlotCI441[[1, 1]] = Resultparameterl[[4]];

1
PlotCI4#1[[1, 2]] = — %21[[4]];

saverage

PlotCI441[[2, 1]] = Resultparameterl[[4]];

1
PlotCI4#1[[2, 2]] = —— x21[[4]];

Saverage

PlotCI541[[1, 1]] = Resultparameterl[[5]];

1
PlotCIS5®1[[1l, 2]] = — *21[[5]];

Saverage

PlotCI541[[2, 1]] = Resultparameterl[[5]];

1
PlotCIS5®1[[2, 2]] = —— *xz1[[5]];

saverage

4

gCI1l4l = ListPlot[PlotCI1¢1l, PlotRange -» {{MinV, MaxV}, {0, 2}},

PlotStyle » {Thickness[0.001], Red}, Joined - True];

gCI241 = ListPlot [PlotCI241, PlotRange -» {{MinV, MaxV}, {0, 2}},

PlotStyle » {Thickness[0.001], Red}, Joined -» True];

gCI34l = ListPlot [PlotCI3¢1l, PlotRange -» {{MinV, MaxV}, {0, 2}},

PlotStyle » {Thickness[0.001], Red}, Joined -» True];

gCI44l = ListPlot[PlotCI441l, PlotRange -» {{MinV, MaxV}, {0, 2}},

PlotStyle » {Thickness[0.001], Red}, Joined - True];

gCI541 = ListPlot [PlotCI5¢1, PlotRange -» {{MinV, MaxV}, {0, 2}},

Show [gNumericall, gCI14¢1l, gCI241, gCI341l, gCI441l, gCI541, gCIunderl, gCIupperl]

{0
{0
{0

05

20

PlotStyle » {Thickness[0.001], Red}, Joined -» True];

.0074899, 0.0134585, 0.0369997, 0.0617165, 0.0531988}
.0058, 0.0112, 0.0333, 0.057, 0.0488}
.00448966, 0.00931696, 0.0299587, 0.0526237, 0.0447477}

[

L oot

L P R |
02 04 0.6 08 1.0

PlotCIunder2 = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotCIupper2 = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

].

PlotCIunder2[[change, 1]] = Resultparameter2[[change]];
PlotCIupper2[[change, 1]] = Resultparameter2[[change]];
1

PlotCIunder2[[change, 2]] *z2[ [change]];

saverage

1

%22 [ [change]];

Saverage

PlotCIupper2[[change, 2]]

I’
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z2
Result2

SampleMax

z2

gCIupper2 = ListPlot [PlotCIupper2, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Blue}, PlotMarkers -» {"-"}];

gCIunder2 = ListPlot[PlotCIunder2, PlotRange » {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.005], Blue}, PlotMarkers » {"-"}];

PlotCI142 = Table[O0, {i, 2}, {j, 2}];
PlotCI242 = Table[0, {i, 2}, {j, 2}];
PlotCI342 = Table[O0, {i, 2}, {j, 2}];
PlotCI442 = Table[O0, {i, 2}, {j, 2}];
PlotCI542 = Table[0, {i, 2}, {j, 2}1;

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotCI142[[1, 1]] = Resultparameter2[[1]];

1
PlotCI142[[1, 2]] = —— %22[[1]];

saverage

PlotCI142[[2, 1]] = Resultparameter2[[1]];

1
PlotCI142[[2, 2]] = — *22[[1]];

Saverage

PlotCI242[[1, 1]] = Resultparameter2[[2]];

1
PlotCI2#2[[1, 2]] = —— *22[[2]];

Saverage

PlotCI242[[2, 1]] = Resultparameter2[[2]];

1
PlotCI2#2[[2, 2]] = —— *2z2[[2]];

saverage

PlotCI342[[1, 1]] = Resultparameter2[[3]];

1
PlotCI342[[1l, 2]] = — *22[[3]];

Saverage

PlotCI342[[2, 1]] = Resultparameter2[[3]];

1
PlotCI342[[2, 2]] = —— %22[[3]];

Saverage

PlotCI442[[1, 1]] = Resultparameter2[[4]];

1
PlotCI4#2([[1, 2]] = — %x22[[4]];

Saverage

PlotCI442[[2, 1]] = Resultparameter2[[4]];

1
PlotCI442[[2, 2]] = —— *z2[[4]];

S average

PlotCI542[[1, 1]] = Resultparameter2[[5]];

1
PlotCI542[[1, 2]] = —— #22[[5]1;

Saverage

PlotCI542[[2, 1]] = Resultparameter2[[5]];

1
PlotCI542[[2, 2]] = —— % 22[[5]]1;

Saverage
E

gCI142 = ListPlot[PlotCI142, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Blue}, Joined - True];

gCI242 = ListPlot [PlotCI242, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Blue}, Joined -» True];

gCI342 = ListPlot [PlotCI342, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Blue}, Joined - True];

gCI442 = ListPlot[PlotCI442, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Blue}, Joined - True];



gCI542 = ListPlot [PlotCI542, PlotRange -» {{MinV, MaxV}, {0, 2}},
PlotStyle » {Thickness[0.001], Blue}, Joined - True];
Show[gNumerical2, gCI142, gCI242, gCI342, gCI44¢2, gCI542, gCIunder2, gCIupper2]

{0.0261264, 0.0514291, 0.0617165, 0.0336336, 0.015523}
{0.023, 0.0471, 0.057, 0.0301, 0.0131}

{0.0202399, 0.0431188, 0.0526237, 0.0269273, 0.011051}
20

0.5

ot
et

02 04

0.6 08

. I‘.()
Fixation probability (Moran-model)

dgr + dgrr

d-= ;
2
. 8 * Dy * Op " ~
Ulinear = 3 3 * Saverage /« Op =2 1 - Py
(;3H+2*;3D) * (?*51-1"'2*_5&*59)
drR =0.005;

dRR = 0.005;

Ulinear
gUlinearl = Plot| ———

. dg > dR /. dgs > dRR, {By, 0, 1}, PlotRange -» {{0, 1}, {0, 2}},
Saverage
PlotStyle - {Thickness[0.005], Black, Dashed}];

dR = 0.0005;
dRR = 0.005;

Ulinear
gUlinear2 = Plot [ _—

.dr > dR /. dgr > dRR, {By, 0, 1}, PlotRange » {{0, 1}, {0, 2}},
Saverage
PlotStyle » {Thickness[0.005], Red, Dashed}] i

dR = 0.005;
dRR = 0.0005;

Ulinear
gUlinear3 = Plot| ———

s average

.dr > dR /. dgr > dRR, {By, 0, 1}, PlotRange » {{0, 1}, {0, 2}},

PlotStyle » {Thickness[0.005], Blue, Dashed}, AspectRatio - 0.75] H
Show[gUlinearl, gUlinear2, gUlinear3]
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Analytical result (Branching process)
fR=0.5;

BR=Y;
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BRR = 1000;

dR = 0.0005;
dRR = 0.005;

SELfM = 0;
SELBM = s;
SELSMM = 2 % S;
HETERORB = 0.5;
SELAM = 0;
SELdAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BAM = BR* (1 + SELM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BAMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELdMM) ;

BRM - SRR
SELBSRM = ———— ;
BRR
dRR - dRM
SELdRM = ————;
dRR
“V BRR * dRR
EqPH = H

—fR*B:*"R + VBRR # dRR

fR*BRxdR
2

—fR*BZR*‘“‘ + VBRR * dRR

BR
FaiR= —;
dR
AM
FaiM = ;
dMm
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ——;
2

fR
FaiR2 = — x FaiR;
2

avef
FaiM2 =

* FaiM;

FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

FaiM2 % FaiRM + % * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 %* FaiRR

BPPaiD = ;
FaiM2 x FaiRM + 2 * FaiM2 » ¥ FaiR2 * FaiRR
EqpH 2 x EqoD
BPfix = ————  — » BPPaiH + ———— x BPPaiD;

EqpH + 2 * EQoD EqpH + 2 * EqQoD
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MinV =0;

MaxV = 10;

RepeatMax = 100;

PlotBP = Table[0, {i, RepeatMax}, {j, 2}];

For [repeat =1, repeat < RepeatMax - 1, repeat = repeat + 1,

(MaxV - MinV)

yl=MinV + ———— % (repeat - 1) ;
RepeatMax
v BRR * dRR 1
fracH = /.y~ 107";

’ —f“*ﬁz“*"“ + VBRR % dRR

U=BPfix /.y 10Y};

PlotBP[ [repeat, 1]] = fracH;
u
PlotBP[ [repeat, 2]] = ;
Saverage

E
gBPfix1l = ListPlot [PlotBP, PlotRange -» {{0, 1}, {0, 2}}, PlotStyle » {Thickness[0.005], Black},
Joined » True, AspectRatio - 0.75]

S I S S N S S S|
02 04 0.6 0.8 1.0

fR=0.5;
BR=y;
BRR = 1000;
dR = 0.005;

dRR = 0.0005;

SELfM = 0;
SELBM = s;
SELSMM = 2 % S;
HETEROB = 0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRM = ———
BRR
dRR - dRM
SELdRM = ——;

dRR
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/BRR % dRR
—fR*Bz“*dR + VBRR * dRR

fR*BR*xdR
2

—fR*B:*dR + VBRR * dRR

BR
FaiR= —;
dR
AM
FaiM = ;
dMm
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ——;
2
fR
FaiR2 = — x FaiR;
2
avef
FaiM2 = * FaiM;

FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = i

FaiM2 % FaiRM + Fa:““ * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 x* FaiRR
BPPaiD = ;

FaiM2 » FaiRM + 2 * FaiM2 » VY FaiR2 * FaiRR
EqpH 2 x» EqoD
BPfix = ———— — ¥ BPPaiH + ———— x BPPaibD;
EqpH + 2 * EQoD EqpH + 2 * EqQoD

MinV = 0;

MaxV = 10;

RepeatMax = 100;

PlotBP = Table[0, {i, RepeatMax}, {j, 2}];

For [repeat =1, repeat < RepeatMax - 1, repeat = repeat + 1,

(MaxV - MinV)

yl =MinV + ————— % (repeat - 1) ;
RepeatMax
4/ BRR * dRR .
fracH = /.y~ 107";

[ fR+fR+dR | \/BRR  dRR
2

U =BPfix /.y - 10Y};

PlotBP[[repeat, 1]] = fracH;
u
PlotBP[[repeat, 2]] = ;
Saverage

E
gBPfix2 = ListPlot [PlotBP, PlotRange » {{0, 1}, {0, 2}}, PlotStyle » {Thickness[0.005], Black},
Joined » True, AspectRatio - 0.75]
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1.0

05

02 04 0.6 0.8 10

Analytical result (Diffusion)

drR = 0.0005;
dRR = 0.005;

Parameters = {SUM - Site, dg » dR, dgg » dRR, Py > 1 - Py, sfM > SELfM, sM - SELSM,
sBRM -» SELBRM, sfMM - SELAMM, sdM - SELdM, sdRM -» SELdRM, deM-eSELdMM};

— dr +dgr

d = — /. Parameters;

Se=2% Saverage 7

2 % Dy * DOp
N, = - . * SUM;
—_B-*f)H + 2% —EB-*[SD
d d
1
INI = /. Parameters;

SUM * (E)H +2 *E)D)
EffectiveS = s, /. Parameters;
EffectiveN = N, /. Parameters;
1 -Exp[-2*xEffectiveS xEffectiveN % INI]

DFfixWS1 =
1 -Exp[-2*xEffectiveS xEffectiveN]
DFfixWS1 __
gDFfix1 = plot[—, {Bur 0, 1}, PlotRange - {{0, 1}, {0, 2}},
saverage

PlotStyle » {Thickness[0.005], Black}, AspectRatio - 0.75] ;

Show[gDFfix1]

20

02 04 0.6 08 1.0
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dR = 0.005;
dRR = 0.0005;

Parameters = {SUM - Site, dg » dR, dgg » dRR, Py > 1 - Py, sfM > SELfM, sM - SELSM,
SBRM » SELARM, sfMM - SELBMM, sdM -» SELdM, sdRM -» SELAdRM, deM-eSELdMM};
— dr +dgr
d = — /. Parameters;
2

Se - 2 * Saverage;

2 % Dy * DOp
Ne = 3 3 * SUM;
—_B-*ﬁﬂ + 2% —EB-*;SD
d d
1
INI = /. Parameters;

SUM * (f)ﬂ +2 *E)D)
EffectiveS = s, /. Parameters;
EffectiveN = N, /. Parameters;
1 -Exp[-2*xEffectiveS xEffectiveN % INI]

DFfixWS2 =
1 -Exp[-2*xEffectiveS xEffectiveN]
DFfixWS2
gDFfix2 = plot[—, {Bur 0, 1}, PlotRange - {{0, 1}, {0, 2}},
saverage

PlotStyle —» {Thickness[0.005], Black}, AspectRatio - 0.75] ;

Show [gDFfix2]

20

02 04 0.6 08 1.0

Plot
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Show[gUlinearl, gUlinear2, gUlinear3, gNumericall, gNumerical2, gCI141l, gCI24¢1,
gCI341l, gCI44l, gCI541, gCIunderl, gCIupperl, gCI142, gCI242, gCI3¢2, gCI4¢2,
gCI542, gCIunder2, gCIupper2, PlotRange » {{0, 1}, {0, 1.5}}, AspectRatio > 0.75]

Show[gUlinearl, gUlinear2, gUlinear3, gNumericall, gNumerical2, gBPfix1l, gBPfix2,
gCIl4l, gCI241, gCI341l, gCI441l, gCI541, gCIunderl, gCIupperl, gCI142, gCI242,
gCI342, gCI442, gCi542, gCIunder2, gCIupper2, PlotRange -» {{0, 1}, {0, 1.5}},
AspectRatio -» 0.75]

Show[gUlinearl, gUlinear2, gUlinear3, gNumericall, gNumerical2, gDFfix1l, gDFfix2,
gCIl¢1l, gCI241, gCI341, gCI441l, gCI5¢1, gCIunderl, gCIupperl, gCI142, gCI242,
gCI342, gCI442, gCI542, gCIunder2, gCIupper2, PlotRange -» {{0, 1}, {0, 1.5}},
AspectRatio -» 0.75]

Show[gUlinearl, gUlinear2, gUlinear3, gNumericall, gNumerical2, gBPfixl, gBPfix2,
gDFfixl, gDFfix2, gCI141l, gCI241, gCI341l, gCI44l, gCI541, gCIunderl, gCIupperl,
gCI1l42, gCI242, gCI342, gCI442, gCI542, gCIunder2, gCIupper2, PlotRange -» {{0, 1}, {0, 1.5}},
AspectRatio —» 0.75]

14f

12 ot ~< ] N
’ ~ 4 \
’ AN ‘- 1
’ N e
4 - 4 o
10 / PO
’ - - /’ N, ~
’ - NN 1
. / NS
/ - 4 N,
0. ! ’ ’ ™ N,
- F e 2 N\

0.6

%
LA L s e e s
~
Y
\
/
’

AVEAY 1
F /' el Nyl
/ . 1
. LY
04r f S R
1 9 . A
) 7 Ay !
W\ 1
1 / ,? M
021 o 71 N
T \
i %
& L L L Il L L L Il L L L Il L L L Il L L L \
02 04 0.6 0.8 1.0
14
P D Ly PrElY
- ;
12 s RN s “
’ ~ »
/ . , \
’ N ’
/ N
1.0 /, - ~
R/ f” ’ S
/ - \
/ e - S,
’ 7 N S,

%
LA L e s
N
N\
N,
\
\
@
Q
/s

L < > X
r / N Z
F 4 S o,
Y, . Z
L P Qe 1
101 SN
: - ~
L - ~
L e S,
L L R \\
0.8 id N,
L Pid \
L ’ \
e \
L L, \
0.6 ’ - \
L 7 \
L . \
L e N\ Y
L \
04 L \
r Z \
F . 4

02 S




238 | SupplementaryFile.nb

Figure for output

Show[gUlinearl, gUlinear2, gUlinear3, gNumericall, gNumerical2, gCI141l, gCI24¢1,
gCI341l, gCI44l, gCI541, gCIunderl, gCIupperl, gCI142, gCI242, gCI3¢2, gCI4¢2,
gCI542, gCIunder2, gCIupper2, PlotRange » {{0, 1}, {0, 1.5}}, AspectRatio > 0.75]

Omegal = Table[10, { (RepeatMax - 1) * (RepeatMax -1)}];
Omega2 = Table[10, {i, (RepeatMax - 1) * (RepeatMax -1)}, {j, 3}1;

repeat = 0;

For[repeatl =1, repeatl < RepeatMax - 1, repeatl = repeatl +1,

For[repeatz =1, repeat2 < RepeatMax - 1, repeat2 = repeat2 +1,

repeat = repeat + 1;

(MaxV - MinV)
x1 =MinV 4 —

RepeatMax

(MaxV - MinV)
X2 =MinV + —M8M8M8M8MMM

RepeatMax
U=Ulinear /. py » x1 /. Ry -» x2;

index =-1;
If[O<U&&U<1.0,
index = 1;

1:

I1f[1.0< U,
index = 2;

1;

Omegal [ [repeat]] = index;

Omega2|[ [repeat, 1]]
Omega2|[ [repeat, 2]]
Omega2 [ [repeat, 3]]

E

[E—
~e

x1;
x2;
uU;

* (repeatl - 1);

* (repeat2 -1);
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= Fig.5(b)
drR drR 8+ O %0 e
Because of , E:Z * ma , Eq. (13b) becomes ® H*PD = _ 2 H*PD =
R+dRR B+ 20D * (2% 2o s P24 2% = o ep | B+2+0p) * pu+2 5
(Pr+240p) * (2% 4o "qpg *PHT 252 g gpp *PD (Pr+2+5D) * | Gr qre *PH 2% gr,are *7D
MaxV = 0.99;
MinV = 0.01;
RepeatMax = 301;
. 4 * Oy * Pp 1 ~ ~
Ulinear = " " " " * Saverage * /«Pbp>1-py/.Rp—>1-Ryg;
Py + 2*91;)) * (RH*DH + 2*RD*DD) Saverage
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PlotOmegal = Reverse [Transpose[Partition[Omegal, {(RepeatMax -1)}]11];
ArrayPlot[PlotOmegal, AspectRatio » 1, ColorRules -» {1 » Blue, 2 » Red}]
ListContourPlot[Omega2, Contours -» {0.5, 1.0, 1.5, 2.0}, ContourShading - None]

08

0.6

04

02

00
0.0 02 04 0.6 08 1.0

= Fig.6(a)

Parameter values
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Clear([x]

Site = 100;
fR=0.5;
BR =1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELSM =0.2 + x;
SELSMM = -2 % X;
HETEROSB = 0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0.5;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROf3 * SEL3MM) ;
BMM = BRR * (1 + SELAMM) ;

dM = dR % (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRM = —
BRR
dRR - dRM
SELdRM = ————;
dRR

MinV = -0.51;
MaxV = 0.21;

1 SELfM 1
Saverage = — * ( + SELAM + SELAM| + — * (SELSMM » HETEROS + SELAM * HETEROd)
2 2 2
1 1
— (0. -1.x) +— (0.2 +x)
2 2
Out put

SampleMax = 10000;

ChangeMax = 7;

OutputData = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulation

VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

change =1;

For [change =1, change < ChangeMax + 1, change = change + 1,

If[change==1, x=-0.5];
If[change =2, x=-0.4];
If[change==3, x=-0.3];
If[change==4, x=-0.2];
If [change =5, x=-0.1];
If[change =6, x=0];
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If[change==7, x=0.1];
If[change =8, x=0.2];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

/BRR * dRR

Equ = H

/ —f“*ﬁ:*d“ + VBRR % dRR

xR = Round [Site * EqoH] ;

xM=0;
XRR = Site - xR;
XRM = 0;
xMM = 0;

. . . . . . . xR 2 x* XRR
sampleMutation = RandomVariate [Mult:.nom:.alDJ.strlbutlon [1 ’ { ’ }] ] ;
xR+ 2% xRR XR + 2 XRR

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XxRM + sampleMutation[[2]];

xMM = 0;
xM
If[xRR+xRM+xMM==0, pPM = —];
XR + xM
%+xMM
If[xR+xM== , pPM= ———M8M8 | ;
XRR + XRM + xMM
XRM
dRR 5t xMM dr xM
If[xR+xM;&O&&xRR+xRM+xMM;&O,pM: * + * ];
dR + dRR  xRR + XxRM + xMM dR + dRR xR + xM

step = 2;
While[o <pM&&pM< 1,

dR * xR
pDeathR = 7
dR * xR + dAM * XM + dRR * XxRR + dRM * xRM + dMM * xMM
dM * xM
pDeathM = ;
dR * XR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dRR * XxRR
pDeathRR = 7
dR * XR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dRM * XRM
pDeathRM = ;
dR * XR + dM * XM + dRR * XRR + dRM * XxRM + dMM * xMM
dMM % xXMM
pDeathMM =

dR * XR + dM * XM + dRR * XRR + dRM * XRM + dMM*xMM'
sampleDeath =
RandomVariate[MultinomialDistribution[1,
{pDeathR, pDeathM, pDeathRR, pDeathRM, pDeathMM}]];
%R = xR - sampleDeath[[1]];
XM = xM - sampleDeath[[2]];
XRR = XRR - sampleDeath[[3]];
XRM = XRM - sampleDeath[[4]];
XxMM = XMM - sampleDeath[[5]];

B
cR = BRR * XRR +

* XRM;

BRM

cM = SMM % xMM + * XRM;
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If[xR==0&& xM==0, cRR=0];
fR BR? % xR?
If[xR;&O || xM#0, CRR = —*—]
2 BR * XR + M % XM

If[xR==0&& xM==0, cRM=0];

’

fR+ fM 3R % BM % XR % xM
1f[xR¢0||xM¢o,cRM= * ];
2 BR * XR + M % xM
If[xR=20&& xM==0, cMM=0];
£M BM2 % xM?
If|xR#0 || xM#0, cMM:—*—];
2 BR * XR + M * XM
cR
pCellR = ;
cR + cM + cRR + cRM + cMM
cM
pCellM = ;
cR + cM + cRR + cRM + cMM
cRR
PCellRR = i
cR + cM + cRR + cCRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + cRM + cMM
cMM
pCellMM = ;

cR+cM+cRR+cRM+cMM’
sampleBirth =
RandomVariate[MultinomialDistribution[1,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = xR + sampleBirth[[1]];
XM = xM + sampleBirth[[2]];
XRR = XRR + sampleBirth[[3]];
XRM = XRM + sampleBirth[[4]];
xMM = xMM + sampleBirth[[5]];

xM
If[xRR+xRM+xMM==0, pM = —];
XR + xM
%+x1~m
If[xR+xM==O, pM= —— | ;
XRR + XRM + xXMM
XRM
dRR 5 dr xM
If[xR+xM¢0&&xRR+xRM+xMM¢0,pM= * + * ];
dR + dRR XRR + XRM + xMM dR + dRR xR + XM

step = step + 1;
E
VectpM[ [sample]] = pM;

OutputData[ [countData, 1]] = x;
OutputData[ [countData, 2]] = pM;
countData = countData + 1;

[E—
~e

Resultparameter|[ [change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[[countResult, 1]]
OutputResult[ [countResult, 2]]
countResult = countResult + 1;

X;
Total [VectpM] ;

Print [change]

1.
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1
2
3
4
5
6
7
8
Output of the data
Resultparameter
Result
Export["/Users/Bessho/Desktop/workstation/OutputDataFig6b.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFig6b.txt", OutputResult, "Table"];
{-0.5, -0.4, -0.3, -0.2, -0.1, 0, 0.1, 0.2}
{67., 428., 722., 809., 891., 876., 732., 491.}
Resultparameter = {-0.5~, -0.4~, -0.3", -0.2°, -0.17, 0, 0.17, 0.27};
Result = {67.°, 428.~, 722.°, 809.~, 891.°, 876.~, 732.7, 491.7};
Plot

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM[ [change, 1]] = Resultparameter [ [change]];
Result [ [change]]
7

PlotpM|[ [change, 2]]

SampleMax
PlotpMlog|[ [change, 1]] = Resultparameter|[[change]];

Result [ [change]]
PlotpMlog|[ [change, 2]] = Log[lO, ] ;

E
gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.12}},
PlotStyle » {PointSize[0.012], Black}]

012~

SampleMax

0.10f

. 008

0021

T S T N Y N R AR
0.5 -04 -03 -0.2 -0.1 F 0.1 0.2

Wilson score interval (95% Confidence interval)

Because the probability variable e (where, estimated fixation probability z = = and the fixation probability u) approximately depends
n

u(l-u)/n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.

z=1.96;

N

n+z n 4%xn

n R 1 2 1 N 1 2 ~
z= u+ *Z° - Z % —*u*(l—u)+ * 2 /.n- SampleMax /. u >

n+ z2 2%n n 4 % n?

n R 1 2 1 R 1 2 o
u+ *Z° + 2% —*u*(l—u)+ * 2 /.n- SampleMax /. U >

Result

SampleMax

Result

SampleMax

{0.00527961, 0.0390053, 0.0672897, 0.075715, 0.0836728, 0.082216, 0.0682571, 0.0450353}
{0.00849926, 0.0469458, 0.0774388, 0.0864069, 0.0948428, 0.0933007, 0.0784707, 0.053511}
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PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] = z[[change]];

PlotCIupper|[[change, 2]] = Z[[change]];
1:
gCIupperDot = ListPlot [PlotCIupper, PlotRange » { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Red}];
gCIunderDot = ListPlot[PlotCIunder, PlotRange -» { {MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Blue}];
Show[gNumerical, gCIunderDot, gCIupperDot]

0.12

0.06[~

0041

]
L L L L L L L
-0.5 -04 -03 -02 -0.1 r 0.1 02

gCIupper = ListPlot [PlotCIupper, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"—"}];

gCIunder = ListPlot [PlotCIunder, PlotRange » {{MinV, MaxV}, {-5, 0}},
PlotStyle » {Thickness[0.005], Black}, PlotMarkers -» {"—"}];

Show [gNumerical, gCIunder, gCIupper]

0.101~
* 0.08T

0.06-

004f

002




PlotCI1 = Table[O,
PlotCI2 = Table|[O,
PlotCI3 = Table[O,
PlotCI4 = Table[O,
PlotCI5 = Table[O,
PlotCI6 = Table[O,
PlotCI7 = Table[O,
PlotCI8 = Table|[O,

{1,
{1,
{i,
{i,
{i,
{i,
{1,
{i,

2},
2},
2},
2},
2},
2},
2},
2},

{3, 2}1;
{i, 2}1;
{ir 2}1;
{3, 2}]1;
{3, 2}1;
{3, 2}]1;
{3, 2}1;
{i, 2}1;

For [change = 1, change < ChangeMax + 1, change = change + 1,

PlotCI1[[1, 1]] = Resultparameter[[1l]];

PlotCI1[[1, 2]]
PlotCI1[[2, 1]]
PlotCI1[[2, 2]]
PlotCI2[[1, 1]]
PlotCI2[[1, 2]1]
PlotCI2[[2, 1]]
PlotCI2[[2, 2]]
PlotCI3[[1, 1]]
PlotCI3[[1, 2]]
PlotCI3[[2, 1]]
PlotCI3[[2, 2]]
PlotCI4[[1, 1]]
PlotCI4[[1, 2]]
PlotCI4[[2, 1]]
PlotCI4[[2, 2]]
PlotCI5[[1, 1]]
PlotCI5[[1, 2]1]
PlotCI5[[2, 1]]
PlotCI5[[2, 2]]
PlotCI6[[1, 1]]
PlotCI6[[1, 2]]
PlotCI6[[2, 1]]
PlotCI6[[2, 2]]
PlotCI7[[1, 1]]
PlotCI7[[1, 2]]
PlotCI7[[2, 1]]
PlotCI7[[2, 2]]
PlotCI8[[1, 1]]
PlotCI8[[1, 2]]
PlotCI8[[2, 1]]
PlotCI8[[2, 2]]
1;

=z[[1]1];

= Resultparameter[[1]];

=z[[1]];

= Resultparameter[[2]];
z[[2]];

= Resultparameter[[2]];

=z[[2]];

= Resultparameter[[3]];

=z[[31];

= Resultparameter[[3]];

=Z[[31];

= Resultparameter[[4]];

=z[[4]1];

= Resultparameter[[4]];

=z[[4]1];

= Resultparameter[[5]];

=z[[5]];

= Resultparameter[[5]];

=zZ[[5]1];

= Resultparameter[[6]];

=z[[6]];

= Resultparameter[[6]];

=zZ[[6]];

= Resultparameter[[7]];

=z[[7]1];

= Resultparameter[[7]];

=z[[7]1];

= Resultparameter[[8]];

=z[[8]];

= Resultparameter[[8]];

=z[[8]];

gCIl = ListPlot[PlotCIl1,
gCI2 = ListPlot[PlotCI2,
gCI3 = ListPlot[PlotCI3,
gCI4 = ListPlot[PlotCI4,
gCI5 = ListPlot [PlotCI5,
gCI6 = ListPlot[PlotCI6,
gCI7 = ListPlot[PlotCI17,
gCI8 = ListPlot[PlotCI8,
Show [gNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCI8, gCIunder, gCIupper]

et

L)
I

0.12

0.10

0.08F

0.06

0.04

0.02

PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],

.t
o+

P T S IS RS S T R
=05 -04 -03 -0.2

-0.1

0.1 02

Analytical result (Branching process approximation)

Black},
Black},
Black},
Black},
Black},
Black},
Black},
Black},

Joined - True];
Joined -» True];
Joined - True];
Joined - True];
Joined - True];
Joined - True];
Joined - True];
Joined -» True];
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Clear([y]

fR=0.5;
AR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELSM =0.2 +y;
SELSMM = -2 % y;
HETEROB3 = 0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELSM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELSMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRN[: ———
BRR
dRR - dRM
SELdRM = ——8M8M8;
dRR
1 SELfM 1
Saverage = — * ( + SELM + SELdAM| + — * (SEL3MM x* HETEROf3 + SELAM » HETEROd)
2 2
A/ BRR * dRR
EqpH = ’

—“*’32“*‘“‘ + VBRR % dRR

fRx3RxdR
2

—fR*Bz“*"R + Y BRR * dRR

BR
FaiR= —;
R
AM
FaiM = ;
dMm
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ———;
2

fR
FaiR2 = — x FaiR;
2

avef
FaiM2 =

* FaiM;
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FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

I
FaiM2  FaiRM + % * Y FaiR2 * FaiRR

FaiM2 x FaiRM - FaiR2 * FaiRR

BPPaiD = ;
FaiM2 x FaiRM + 2 * FaiM2 * W FaiR2 % FaiRR
EqpH 2 x EqoD
BPfix = ——— ¥ BPPaiH + ———— % BPPaibD;
EqpPH + 2 * EqQoD EqpH + 2 * EqoD

gBPfix = Plot [BPfix, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.12}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio - 0.75]

1
-0.5y+ — (0.2 +y)
2

L L L L L
0.5 -04 -03 -0.2 -0.1 L 0.1 02

Analytical result (Diffusion approximation)
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. . V BRR % dRR
Parameters = {SUM - Site, dgr » dR, dgr » dRR, py > ’
’ —f“*”:*d“ + VBRR « dRR
fRx3RxdR
2
Pp = , sfM - SELfM, sM - SELAM, sSRM -» SELBSRM, sBMM - SELBMM,

’ fR«BRxdR | A/BRR % dRR
2

sdM -» SELdAM, sdRM -» SELdRM, sdMM -» SELdMM }
Additive = sBMM - 2 * SBRM + sdMM - 2 x* sdRM;

2
dhar:monic = i;
dr  drr
a=dR*ﬁH+dRR*(l—ﬁH);
_  dp + dgr
d:—;
2
2 * Saverage + P * Additive
m=SUM*p*(1_P)* ;
2
&R .5 %R , 5
P*(l—P)*(a*pH+2* = *pD)
v = = — ;
4 % Py * Dp

m
Q= Integrate[— /. Parameters, p] ;
v

INI = /. Parameters;
SUM * (By + 2 * Bp)

Integrate[Exp[-2*Q], {p, O, INI}]

DFfixWS =
Integrate[Exp[-2*0Q], {p, 0, 1}]

gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange -» {{MinV, MaxV}, {-0.01, 0.12}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

{SUM% 100, dg > 0.005, dgg > 0.005, Py > 0.666667, pp—> 0.333333, sfM-> 0,
-1000 + 1000 (1 -1.y)

SBM > 0.2 +y, SBRM - , SBMM > -2y, sdM > 0, sdRM 5 0., deMeO}
1000

0.12

0.04

0.02

S Y TS S N B SR |
=05 -04 =03 -0.2 -0.1 L 0.1 02

Analytical result (Lineary approximation)
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8 % Py * Pp

A A dg .~ d ~
(pH+2*pD) * (—d}*pﬂ+2*—5&*pn)

FixLinear = * Saverage 7

gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {0, 0.12}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio - 0.75]

0.08
0.06
0.04

0.02

7(;.5 70‘.4 7(‘)3 7(‘).2 70‘,1 0.1 02
Figure for output
Show [gDFfixWS, gBPfix, gFixLinear, gNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6,
gCIi7, gCi8, gCIunder, gCIupper, PlotRange -» { {MinV, MaxV}, {0, 0.12}},

AxesOrigin-» {-0.51, 0}]
0.12

0.10

0.08

0.06

0.04

0.02

-04 -03 -0.2 -0.1 0.0 0.1 02

Export["~/Desktop/Fig6a.PDF", %, "PDF"];

/BRR * dRR

/ —fR*BZ“*dR + VBRR % dRR

0.666667

As ploidally antagonistic selection becomes stronger, however, the M allele stops being beneficial when common. We can measure selection
on M as the difference in fitness of M-bearing versus R-bearing individuals relative to the common genotypes (MM and M):
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Clear([z]

fR=0.5;
AR = 1000;
BRR = 1000;
dR = 0.005;
dRR = 0.005;

SELfM = 0;
SELAM =0.2 + z;
SELSMM = -2 % 2;
HETEROSB = 0.5;
SELAM = 0;
SELAMM = 0;
HETEROd = 0.5;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELSM) ;

BRM = BRR * (1 + HETEROp * SELAMM) ;
BMM = BRR * (1 + SELSMM) ;

dM = dR % (1 - SELdAM) ;

dRM = dRR * (1 - HETEROd * SELdMM) ;
dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELARM = ———
BRR
dRR - dRM
SELdRM = —
dRR
1 SELfM 1
Saverage = — ¥ ( + SELSAM + SELAM| + — % (SELBMM x HETEROB + SELAM * HETEROd) // Simplify
2 2

0.1

We next derive the selection coefficient of allele R, reversing the effects of allele M and R.
To consider this fixation probability, we now define the rare allele as m (actually allele R) and the resident allele as r (actually allele M).
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fr = fM;
fm = £R;

Br = BM;
pm = BR;

Brr = fMM;
Brm = BRM;
Amm = BRR;

dr = dM;
dm = dR;

drr = dMM;
drm = dRM;
dmm = dRR;

fm - fr
SELfm = ——;
fr
Am - Br
SELAm = ——;
Br
dr - dm
SELdm = ——;
dr
Brm - Brr
SELBrm = ——;
Brr

drr - drm

SELdrm= ———;
drr

1 SELfm
aveselMcommon = — *
2

1
+ SELAm + SELdm| + — % (SELArm + SELdrm) // Simplify
2

0.5z 0.1 0.5z
0. + - -

1-2z 1.2+z 1.2+2z
NSolve[aveselMcommon == 0, z]
{{z->-0.376887}, {z—>0.176887}}

This is when M stops being selected when common.

We next ask when R can actually invade a population fixed on M, according to the Moran model, so that both M and R are predicted to
invade when rare.

We first plot the fixation probability of allele M when allele M is rare.

fR=0.5;
AR = 1000;
BRR = 1000;
dR = 0.005;

dRR = 0.005;

SELfM = 0;
SELSM =0.2 + z;
SELSMM = -2 % 2;
HETEROSB = 0.5;
SELdM = 0;
SELAMM = 0;
HETEROd = 0.5;

fM = fR* (1 + SELfM) ;

BM = BR* (1 + SELf3M) ;

BRM = BRR * (1 + HETEROR * SELSMM) ;
BMM = BRR * (1 + SELMM) ;

dM = dR * (1 - SELAM) ;

dRM = dRR * (1 - HETEROd * SELAMM) ;
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dMM = dRR * (1 - SELAMM) ;

BRM - SRR
SELBRM = ———
BRR
dRR - dRM
SELdRM = ————;
dRR

/BRR % dRR
—fR*B:*"R + VBRR # dRR

fR*BRxdR
2

—fR*BZR*dR + VBRR * dRR

BR
FaiR= —;
dR
AM
FaiM = ;
dMm
BRR
FaiRR = —;
dRR
BRM
FaiRM = ;
dRM
fM + fR
avef = ——;
2

fR
FaiR2 = — x FaiR;
2

avef
FaiM2 =

* FaiM;

FaiM2 x FaiRM - FaiR2 * FaiRR
BPPaiH = ;

FaiM2 % FaiRM + % * VFaiR2 % FaiRR

FaiM2 x FaiRM - FaiR2 %* FaiRR

BPPaiD = ;
FaiM2 x FaiRM + 2 x FaiM2 * WV FaiR2 * FaiRR
EqpH 2 x EqoD
BPfixM = ———— ¥ BPPaiH + ———— % BPPaiD
EqpH + 2 * EqpD EqpPH + 2 * EqoD

0.5 (-1.x10M +1.x10% (1-1.2) (1.2 +2)) 0.5 (-1.x10M +1.x10% (1-1.2) (1.2 +2))
+

1.x10%° (1 -1.2) +1.x101% (1 -1.2) (1.2 +2) 1.x10%° (1.2 +2) +1.x10° (1 -1.2) (1.2 +2z2)

plotl = Plot [BPfixM, {z, -0.5, 0.5}, PlotStyle » Blue, AxesLabel -» {"y", "Fix"},
PlotRange » {Automatic, {-0.1, 0.2}}]
Fix
020

0.15F

0.10F

0.0s]-

L
-04 -0.2

-00sF

—o0.10t

We next derive the invasibility of allele R, reversing the effects of allele M and R.
To consider this fixation probability, we now define the rare allele as m (actually allele R) and the resident allele as r (actually allele M).



fr = fM;
fm = £R;

Br = BM;
pm = BR;

Brr = fMM;
Brm = BRM;
Amm = BRR;

dr = dM;
dm = dR;

drr = dMM;
drm = dRM;
dmm = dRR;

vV Brr xdrr

EqPH = H

+ vV Brr +drr

frxBrxdr
2

frxBrxdr

2
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r

_Br
Fair = —;
dr
Am
Faim = —;
dm
. Brr
Fairr = ;
drr
Brm
Fairm= —;
drm
fm + fr
avef = ——;
2
fr
Fair2 = — % Fair;
2
. avef .
Faim2 = * Faim;
. Faim2 x Fairm - Fair2 x Fairr
BPPaiH = - ;
Faim2 % Fairm + Fa% * VFair2 % Fairr
Faim2 x Fairm - Fair2 x Fairr
BPPaiD =
Faim2 * Fairm + 2 * Faim2 » V Fair2 x Fairr
. EqpH . 2 x» EqoD
BPfixm = * BPPaiH +

EqpH + 2 * EqoD

EqpH + 2 * EqoD

* BPPaiD // Simplify

2.23607V1-2z

(-2.x10% + 4.x10% z + 2. x 100 2?%)
(1-1.

2.23607 V1.2 +2

+

z) (1.x10% +1.x101°/(1-22) (1.2 +z) )

1.x100-1.x100z+1.x1000+/(1-2

/(2.23607\/1—22 +2.23607\/1.2+z)
z) (1.2 + 2)
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plot2 = Plot [BPfixm, {z, -0.5, 0.5}, PlotStyle -» Red]

03

Show[plotl, plot2]

Fix
020~

0.15]

We have to hold y between -0.43 and 0.23 for M to invade when rare and to resist invasion by R when common.

NSolve[BPfixm == 0, z]
{{z—>-0.431662}, {z—>0.231662}}

= Fig.6(b)
Parameter values

Clear([x]
Site =100;

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM =0;

SELwM = 0.2 + x;
SELWMM = -2 % X;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wWRM = wRR * (1 + HETEROwW * SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = —————;
WRR

MinV = -0.51;
MaxV = 0.21;

1 ( SELfM

Saverage = — *

2

1
-0.5x+ — (0.2 +x)
2

1
+ SELwM| + — » (SELwWMM * HETEROW)
2

Out put



SampleMax = 10 000;
ChangeMax = 7;

OutputData = Table[0, {i, SampleMax * (ChangeMax + 1)}, {j, 2}];
OutputResult = Table[0, {i, ChangeMax + 1}, {j, 2}];

countData =1;
countResult = 1;

Simulaton
VectpM = Table[0, {SampleMax}];

Resultparameter = Table[0, {ChangeMax + 1}];
Result = Table[0, {ChangeMax + 1}];

For [change =1, change < ChangeMax + 1, change++,

If[change==1, x=-0.5];
If [change==2, x=-0.4];
If[change =3, x=-0.3];
If[change=4, x=-0.2];
If[change==5, x=-0.1];
If[change =6, x=0];

If[change==7, x=0.1];
If [change =8, x=0.2];

sample = 1;

For[sample =1, sample < SampleMax, sample = sample + 1,

EqPH = H

xR = Round [Site * EqoH] ;

xM=0;

XRR = Site - xR;
XRM = 0;

xMM = 0;

sampleMutation = RandomVariate [MultinomialDistribution [1 ’ {

xR = xR - sampleMutation[[1]];
XM = xM + sampleMutation[[1]];
XRR = XRR - sampleMutation[[2]];
XRM = XRM + sampleMutation[[2]];

XxMM = 0;
xM
If[xRR+xRM+xMM== ,pM:—];
xR + xM
IR, xMM
If[xR+xM== ,pM:z—;
XRR + XRM + xMM

1
If[xR+xM;£0&&xRR+xRM+xMM¢O,pM:—*
2

step = 2;
While[o <pM&&pM<1,
wWRM

cR = WRR * xRR + * XRM;

RM
=+ xMM
2

XR
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2 * XRR

XRR + XRM + xMM

xR+2*xRR’ xR+2*xRR}”’
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wWRM

cM = wMM * xXMM + * XRM;

If[xR=20&& xM==0, cRR=0];
fR wR? % xR?
If[xR¢0||xM¢0, CRR = —*—]-
2 WR * XR + WM * xM
If[xR==0&& xM==0, cRM=0];

fR+ fM WR * WM * XR % xXM
If[xR¢0||xM¢0,cRM= * ]
2 WR * XR + WM * xM
If[xR=20&& xM==0, cMM=0];
M wM? * xM?
If(xR#0 || xM#£0, cMM:—*—];
2 WR * XR + WM * xM
cR
pCellR = H
cR + cM + cRR + CRM + cMM
cM
pCellM = ;
cR + cM + cRR + CRM + cMM
cRR
PCellRR = 7
cR + cM + cRR + cRM + cMM
cRM
pCellRM = ;
cR + cM + cRR + CRM + cMM
cMM
pCellMM = 7

cR+cM+cRR+cRM+cMM,
sampleBirth = RandomVariate [MultinomialDistribution[Site,
{pCellR, pCellM, pCellRR, pCellRM, pCellMM}]];

xR = sampleBirth[[1]];
XM = sampleBirth[[2]];
XRR = sampleBirth[[3]];
XxRM = sampleBirth[[4]];
XMM = sampleBirth[[5]];

xM
If[xRR+xRM+xMM== ,pM:—];
xR + xM
?+x1~m
If[xR+xM== , pPM= —————|;
XRR + XRM + xMM
XRM
1 T+xMM 1 xM
If xR+xM¢0&&xRR+xRM+xMM¢0,pM=—*—+—*—];
2 xRR + xRM + xMM 2 xR+ xM

step = step + 1;
E
VectpM[ [sample]] = pM;

OutputData[ [countData, 1]]
OutputData[ [countData, 2]]
countData = countData + 1;

non
LI
5 ~

[E—
~e

Resultparameter|[ [change]] = x;
Result[[change]] = Total [VectpM];

OutputResult[[countResult, 1]]
OutputResult[ [countResult, 2]]
countResult = countResult + 1;

X;
Total [VectpM] ;

Print [change]
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Output of the data

Plot

Resultparameter
Result
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Export["/Users/Bessho/Desktop/workstation/OutputDataFig6b.txt", OutputData, "Table"];
Export["/Users/Bessho/Desktop/workstation/OutputResultFig6b.txt", OutputResult, "Table"];

{-0.5, -0.4, -0.3, -0.2, -0.1, 0, 0.1, 0.2}
{104, 1019, 1467, 1671, 1675, 1628, 1134, 162}

Resultparameter = {-0.5~, -0.4~, -0.3", -0.2°, -0.17, 0, 0.17, 0.27};
Result = {104, 1019, 1467, 1671, 1675, 1628, 1134, 162};

PlotpM = Table[0, {i, ChangeMax + 1}, {j, 2}];
PlotpMlog = Table[0, {i, ChangeMax + 1}, {j, 2}];

For [change =1, change < ChangeMax + 1, change = change + 1,

PlotpM[ [change, 1]] = Resultparameter[[change]];
Result[ [change]]

PlotpM[ [change, 2]]

E
gNumerical = ListPlot [PlotpM, PlotRange -» {{MinV, MaxV}, {-0.01, 0.24}},
PlotStyle » {PointSize[0.012], Black}]

PlotpM

SampleMax

020

. 0.10[~

[ .
S T S T Y S [ R R SR
-05 -04 -0.3 -02 -0.1 - 0.1 02

13 1019 1467
{{_0'5' 1555}' {_0'4' 10000}' {_0'3' 10000}'

1671 67 407 567 81
{70.2, 10000}, {70.1, 155}' {o, 5?55}' {0.1, 5555}' {0.2, 5666}}

Wilson score interval (95% Confidence interval)

Because the probability variable _douw (where, estimated fixation probability & = = and the fixation probability u) approximately depends
n

u(l—u)/n

on the normal distribution, Normal (0,1), we have 95% Confidence interval for the fixation probability, Pr[z <u <Z] ~0.95.
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z=1.96;
n R 1 2 1 R 1 2 R Result
z= u + *2° -2z % —*u*(l—u)+ *Z /.n- SampleMax /. u» ——
n + z?2 2x%n n 4 xn? SampleMax
n R 1 2 1 R 1 2 . Result
Z = u + *2° + 2% —*u*(l—u)+ * Z /.n- SampleMax /. u» ——
n+ z2 2%n n 4 % n? SampleMax

{0.00859113, 0.0961227, 0.139901, 0.159916, 0.160309, 0.155694, 0.107333, 0.0139049}
{0.0125849, 0.107983, 0.15377, 0.17454, 0.174946, 0.170165, 0.119764, 0.0188667}

PlotCIunder = Table[0, {i, ChangeMax + 1}, {j, 2}];

PlotCIupper = Table[0, {i, ChangeMax + 1}, {j, 2}];

For[change = 1, change < ChangeMax + 1, change = change + 1,
PlotCIunder[[change, 1]] = Resultparameter[[change]];
PlotCIupper[[change, 1]] = Resultparameter[[change]];
PlotCIunder[[change, 2]] = z[[change]];

PlotCIupper|[[change, 2]] =Z[[change]];
1;

gCIupperDot = ListPlot [PlotCIupper, PlotStyle » {Thickness[0.005], Red}];

gCIunderDot = ListPlot [PlotCIunder, PlotStyle » {Thickness[0.005], Blue}];

Show [gNumerical, gCIunderDot, gCIupperDot]

020

T

H 0.0k

—(;.5 —(‘1.4 —[;.3 —(;.2 —(;Al - [)‘.] 02

z

N[PlotpM[[All, 2]]1]

z

gCIupper = ListPlot [PlotCIupper, PlotStyle » {Thickness[0.005], Black},
PlotMarkers -» {"-"}];

gCIunder = ListPlot[PlotCIunder, PlotStyle » {Thickness[0.005], Black},
PlotMarkers » {"-"}];

Show [gNumerical, gCIunder, gCIupper]

{0.0125849, 0.107983, 0.15377, 0.17454, 0.174946, 0.170165, 0.119764, 0.0188667}
{0.0104, 0.1019, 0.1467, 0.1671, 0.1675, 0.1628, 0.1134, 0.0162}
{0.00859113, 0.0961227, 0.139901, 0.159916, 0.160309, 0.155694, 0.107333, 0.0139049}

.

e

7
T

005

T SRR MR RR .
=05 -04 -03 -0.2 -0.1 - 0.1 02



PlotCI1 = Table[O,
PlotCI2 = Table|[O,
PlotCI3 = Table[O,
PlotCI4 = Table[O,
PlotCI5 = Table[O,
PlotCI6 = Table[O,
PlotCI7 = Table[O,
PlotCI8 = Table|[O,

{1,
{1,
{i,
{i,
{i,
{i,
{1,
{i,

2},
2},
2},
2},
2},
2},
2},
2},

{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,

2}1;
2}1;
2}1;
2}];
2}];
2}1;
2}1;
2}1;

For [change = 1, change < ChangeMax + 1, change = change + 1,

PlotCI1[[1, 1]] = Resultparameter[[1l]];

PlotCI1[[1, 2]]
PlotCI1[[2, 1]]
PlotCI1[[2, 2]]
PlotCI2[[1, 1]]
PlotCI2[[1, 2]1]
PlotCI2[[2, 1]]
PlotCI2[[2, 2]]
PlotCI3[[1, 1]]
PlotCI3[[1, 2]]
PlotCI3[[2, 1]]
PlotCI3[[2, 2]]
PlotCI4[[1, 1]]
PlotCI4[[1, 2]]
PlotCI4[[2, 1]]
PlotCI4[[2, 2]]
PlotCI5[[1, 1]]
PlotCI5[[1, 2]1]
PlotCI5[[2, 1]]
PlotCI5[[2, 2]]
PlotCI6[[1, 1]]
PlotCI6[[1, 2]]
PlotCI6[[2, 1]]
PlotCI6[[2, 2]]
PlotCI7[[1, 1]]
PlotCI7[[1, 2]]
PlotCI7[[2, 1]]
PlotCI7[[2, 2]]
PlotCI8[[1, 1]]
PlotCI8[[1, 2]]
PlotCI8[[2, 1]]
PlotCI8[[2, 2]]
1;

=z[[1]1];

= Resultparameter[[1]];

=z[[1]];

= Resultparameter[[2]];
z[[2]];

= Resultparameter[[2]];

=z[[2]];

= Resultparameter[[3]];

=z[[31];

= Resultparameter[[3]];

=Z[[31];

= Resultparameter[[4]];

=z[[4]1];

= Resultparameter[[4]];

=z[[4]1];

= Resultparameter[[5]];

=z[[5]];

= Resultparameter[[5]];

=zZ[[5]1];

= Resultparameter[[6]];

=z[[6]];

= Resultparameter[[6]];

=zZ[[6]];

= Resultparameter[[7]];

=z[[7]1];

= Resultparameter[[7]];

=z[[7]1];

= Resultparameter[[8]];

=z[[8]];

= Resultparameter[[8]];

=z[[8]];

gCIl = ListPlot[PlotCIl1,
gCI2 = ListPlot[PlotCI2,
gCI3 = ListPlot[PlotCI3,
gCI4 = ListPlot[PlotCI4,
gCI5 = ListPlot [PlotCI5,
gCI6 = ListPlot[PlotCI6,
gCI7 = ListPlot[PlotCI17,
gCI8 = ListPlot[PlotCI8,
Show [gNumerical, gCIl, gCI2, gCI3, gCI4, gCI5, gCI6, gCI7, gCI8, gCIunder, gCIupper]

et

0.20

0.10

3
0.15]

PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],
PlotStyle » {Thickness[0.001],

L3
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Fixation probability from branching process approximation

Black},
Black},
Black},
Black},
Black},
Black},
Black},
Black},

Joined - True];
Joined -» True];
Joined - True];
Joined - True];
Joined - True];
Joined - True];
Joined - True];
Joined -» True];
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Clear([y]

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;

SELwM=0.2 +y;
SELWMM = -2 % y;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

wRM = wRR » (1 + HETEROW * SELWMM) ;
wMM = wRR % (1 + SELWMM) ;

WRM - wRR
SELWRM = ——8M8M8;
wWRR
1 SELfM 1
Saverage = T * ( + SELwM| + — * (SELWMM » HETEROW)
2 2
WRR
Equ = ;
Bem, \fuRR
fR*WR
2
Equ = ;
fR*wR " WRR
2
fM + fR
avef = ——;
2
fR * wR
W= —— % EqoH + WRR » EqoD;
2
avef » wM
EqD4a =1 - PH - Exp[—PD* —] ;
w
wWRM
EqD4b=1—PD—Exp[—PH* ];
2W

RepeatMax = 100;

ResultH = Table[0, {i, RepeatMax}, {j, 2}];
ResultD = Table[0, {i, RepeatMax}, {j, 2}];
ResultBPfix = Table[0, {i, RepeatMax}, {j, 2}];

For [repeat = 0, repeat < RepeatMax, repeat++,

(MaxV - MinV)

x1 =MinV + ——— *x repeat;

RepeatMax
CondH = EqD4a /. y -» x1;
CondD = EqD4b /. y » x1;
sol = Solve[CondH == 0 & CondD == 0 && 0 < PH&& PH< 1 && O < PD && PD< 1, {PH, PD}, Reals];
BPPaiH = Part[(PH /. sol), 1];
BPPaiD = Part[(PD /. sol), 1];
ResultH[ [repeat, 1]] = x1;
ResultD[[repeat, 1]] = x1;
ResultBPfix[[repeat, 1]] = x1;
ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;



EqpH 2 x EqoD
ResultBPfix[[repeat, 2]] = —————— ¥ BPPaiH + —————— % BPPaiD;
EqpH + 2 ¥ EqpD EqpH + 2 ¥ EqoD
E
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gBPfix = ListPlot [ResultBPfix, Joined » True, PlotRange -» {{MinV, MaxV}, {-0.01, 0.24}},

PlotStyle » {Thickness[0.005], Red}, AspectRatio-» 0.75]
1
0.5y + — (0.2 +y)
2

Solve::ratnz : Solve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

Solve::ratnz : Solve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

General::stop : Further output of Solve::ratnz will be suppressed during this calculation. >

0.20

0.05

-0.5 -04 -03 -0.2 -0.1 L 0.1 02

Fixation probability from diffusion approximation
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fR+wR
wWRR R 2

Parameters = {SUM - Site, py > s Dp = , sfM - SELfM,

swM -» SELwM, swRM -» SELWRM, swMM -» SELwMM }

Additive = swMM - 2 * SWRM;

2 Saverage + P * Additive
m=SUM#*p+ (1-p) ;
2

p* (L-p) * (Pg+2*75p)
vV =

= = 7
8 % Py * Dp
m
Q= Integrate[— /. Parameters, p] ;
v

1
INI = /. Parameters;
SUM * (f)l.l +2 *50)

Integrate[Exp[-2*0Q], {p, O, INI}]

Integrate[Exp[-2*0Q0], {p, O, 1}]
gDFfixWS = Plot [DFfixWS, {y, MinV, MaxV}, PlotRange » {{MinV, MaxV}, {-0.01, 0.24}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio—» 0.75]

DFfixWs =

{SUM»lOO, Py —>0.666667, pp—0.333333, sfM- 0,

-1000 + 1000 (1 -1.y)
swM—- 0.2 +y, SswRM > ,stMe—Zy}
1000

0.15

0.05

-0.5 -04 -03 -02 -0.1 L 0.1 0.2

Analytical result (Linear approximation)

. . 8 % Dy * Op
FixLinear = — % 2 % Saverage 7
(51-1 + 2% ﬁD) 2
gFixLinear = Plot[FixLinear /. Parameters, {y, MinV, MaxV},
PlotRange -» { {MinV, MaxV}, {-0.01, 0.24}}, PlotStyle » {Thickness[0.005], Black, Dashed},
AspectRatio -» 0.75]

0.10[~

S S S S U SATER EU R B L
0.5 -04 -03 -02 -0.1 L 0.1 0.2

Figure for output
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Show [gDFfixWS, gBPfix, gFixLinear, gNumerical, gCIl1, gCI2, gCI3, gCI4, gCI5, gCI6,
gCIi7, gCi8, gCIunder, gCIupper, PlotRange -» { {MinV, MaxV}, {-0.01, 0.24}},
AxesOrigin-» {-0.51, 0}]

(0,20 o o o o

0.15

¥

-04 -03 -02 -0.1 0.0 0.1 02

Export|["~/Desktop/Figéb.PDF", %, "PDF"];

L e S LA A R s

wWRR
e
0.666667

As ploidally antagonistic selection becomes stronger, however, the M allele stops being beneficial when common. We can measure selection
on M as the difference in fitness of M-bearing versus R-bearing individuals relative to the common genotypes (MM and M):

Clear([z]
1 1 1 1-2
aveselMcommon = — (1——) + — (1— )
2 1+0.2+2z 2 1-22z
1 1-2z 1 1
TR Py
2 1-2z 2 1.2 +2

Solve[%==0, z]
{{z—>-0.376887}, {z—>0.176887}}

This is when M stops being selected when common.

We next ask when R can actually invade a population fixed on M, according to the Moran model, so that both M and R are predicted to
invade when rare.

We first plot the fixation probability of allele M when allele M is rare.

Clear([z]
MaxV =0.6;
MinV =-0.6;

fR = 0.5;
wR = 1000;
wRR = 1000;

SELfM = 0;

SELwM=0.2 + z;
SELWMM = -2 % Z;
HETEROw = 0.5;

fM = fR* (1 + SELfM) ;

wM = wR * (1 + SELWM) ;

WRM = WRR * (1 + HETEROW * SELWMM) ;
wMM = wRR * (1 + SELWMM) ;

wWRM - wRR
SELWRM = ———;
wWRR
1 SELfM 1
Saverage = T * ( + SELWM| + — * (SELwMM » HETEROwW)
2 2
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wRR
EqpH = ;
fR*WR WRR
2
fR*wWR
2
EqoED = ;
fR*WR . WRR
2
fM + £fR
avef = ——;
fR * wR
W= ————%EqpH + wWRR x EqPD;

avef » wM]
- I

EqD4a =1 - PH - Exp[—PD*
\

WRM]

.
r

EqD4b = 1 - PD - Exp[—PH*
2w

RepeatMax = 100;

ResultH = Table[0, {i, RepeatMax}, {j, 2}];
ResultD = Table[0, {i, RepeatMax}, {j, 2}];
ResultBPfixM = Table[0, {i, RepeatMax}, {j, 2}];

For [repeat = 0, repeat < RepeatMax, repeat++,

. (MaxV - MinV)
x1l =MinV + ———  x repeat;
RepeatMax

CondH = EqD4a /. z » x1;

CondD = EqD4b /. z » x1;

sol = NSolve[CondH == 0 && CondD == 0, {PH, PD}, Reals];
BPPaiH = Max[Part[(PH /. sol), 1], Part[(PH /. sol), 2]];
BPPaiD = Max[Part[(PD /. sol), 1], Part[(PD /. sol), 2]];
ResultH[ [repeat, 1]] = x1;

ResultD[ [repeat, 1]] = x1;

ResultBPfixM[ [repeat, 1]] = x1;

ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH 2 x» EqoD
ResultBPfixM[ [repeat, 2]] = ———————— % BPPail + ————————— % BPPaiD;
EqpH + 2 * EqQoD EqpH + 2 * EqQpD
E

1
-0.5z2+ — (0.2 +2)
2

ResultBPfixM;
plotl = ListPlot [ResultBPfixM, Joined -» True, PlotRange -» { {MinV, MaxV}, {-0.5, 0.5}},
PlotStyle » {Thickness[0.005], Blue}, AspectRatio - 0.75, AxesLabel » {"z", "Fix"}]

es]
B

04

\
/

L z
-0.6 -04 -02 0.6

&
=
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We next derive the invasibility of allele R, reversing the effects of allele M and R.
To consider this fixation probability, we now define the rare allele as m (actually allele R) and the resident allele as r (actually allele M).

fr = fM;
fm = £R;
wr = wM;
wm = WR;

wrr = wMM;
wrm = wRM;
wmm = WRR;

Equ = H

frxwr
2

EqpD = i
frrwr
+ Vwrr
2
fm + fr
avef = ——;
2
fr+wr
W= —— % EqpH + wrr x EqoD;
2

avef*wm]
’

EqD4a =1 - PH - Exp[—PD*

wrm
E

EgqD4b =1 - PD - Exp[—PH*
2w

RepeatMax = 100;

ResultH = Table[0, {i, RepeatMax}, {j, 2}];
ResultD = Table[0, {i, RepeatMax}, {j, 2}];
ResultBPfixm = Table[0, {i, RepeatMax}, {j, 2}];

For [repeat = 0, repeat < RepeatMax, repeat++,

(MaxV - MinV)

x1 =MinV + ————  x repeat;

RepeatMax
CondH = EqD4a /. z » x1;
CondD = EqD4b /. z » x1;
sol = NSolve[CondH == 0 && CondD == 0, {PH, PD}, Reals];
BPPaiH = Max[Part[(PH /. sol), 1], Part[(PH /. sol), 2]];
BPPaiD = Max[Part[(PD /. sol), 1], Part[(PD /. sol), 2]];
ResultH[ [repeat, 1]] = x1;
ResultD[[repeat, 1]] = x1;
ResultBPfixm[ [repeat, 1]] = x1;

ResultH[ [repeat, 2]] = BPPaiH;
ResultD[ [repeat, 2]] = BPPaiD;

EqpH 2 x EqoD
ResultBPfixm[[repeat, 2]] = —————  *BPPaiH + ————— % BPPaiD /. z » x1;
EqpH + 2 * EQoD EqpH + 2 * EQoD

[E—
~e
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ResultBPfixm;
plot2 = ListPlot [ResultBPfixm, Joined -» True, PlotRange -» { {MinV, MaxV}, {-0.5, 0.5}},
PlotStyle » {Thickness[0.005], Red}, AspectRatio > 0.75]

04

-0.6 -04 -0.2 L 02 04 0.6

Show[plotl, plot2]

o
=

04

-0.6 -04 -02 0.2 04 0.6

-0.2

Again, we have to hold z between -0.432 and 0.232 for the allele to be beneficial when rare AND beneficial when common. Otherwise, the
sign of selection flips so that M is actually deleterious when common.



MaxV = -0.43;
MinV = -0.44;
RepeatMax = 10;

For [repeat = 0, repeat < RepeatMax, repeat++,

(MaxV - MinV)

x1 = MinV + ————  x repeat;

RepeatMax
CondH = EqD4a /. z » x1;
CondD = EqD4b /. z » x1;
sol = NSolve[CondH == 0 && CondD == 0, {PH, PD}, Reals];
BPPaiH = Max[Part[(PH /. sol), 1], Part[(PH /. sol), 2]];
BPPaiD = Max[Part[(PD /. sol), 1], Part[(PD /. sol), 2]];

EqpH 2 * EqpD

Print[xl, " ", ——————— *BPPaiH+ ——————— % BPPaiD /. z » xl]

EqpH + 2 * EqoD EqpH + 2 * EqoD
|
PolynomialGCD::Irgexp : Exponent is out of bounds for function PolynomialGCD. >
PolynomialGCD::Irgexp : Exponent is out of bounds for function PolynomialGCD. >
PolynomialGCD::Irgexp : Exponent is out of bounds for function PolynomialGCD. >
General::stop : Further output of PolynomialGCD::Irgexp will be suppressed during this calculation. >

NSolve::ratnz : NSolve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

-0.44 0.0076254

NSolve::ratnz : NSolve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

-0.439 0.00670556

NSolve::ratnz : NSolve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

General::stop : Further output of NSolve::ratnz will be suppressed during this calculation. >
-0.438 0.00578714

-0.437 0.00487015

-0.436 0.00395459

-0.435 0.00304047

-0.434 0.00212778

-0.433 0.00121654

-0.432 0.000306748

-0.431 0.

-0.43 0.
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MaxV = 0.23;
MinV = 0.24;
RepeatMax = 10;

For [repeat = 0, repeat < RepeatMax, repeat++,
(MaxV - MinV)

x1 = MinV + ————  x repeat;
RepeatMax

CondH = EqD4a /. z » x1;

CondD = EqD4b /. z » x1;

sol = NSolve[CondH == 0 && CondD == 0, {PH, PD}, Reals];
BPPaiH = Max[Part[(PH /. sol), 1], Part[(PH /. sol), 2]];
BPPaiD = Max[Part[(PD /. sol), 1], Part[(PD /. sol), 2]];

EqpH 2 * EqpD
Print[xl, """, ——————— x*BPPaiH+ ————  xBPPaiD /. z > xl]
EqpH + 2 * EqpoD EqpH + 2 * EgpoD
E

NSolve::ratnz : NSolve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

0.24 0.0145035

NSolve::ratnz : NSolve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

0.239 0.0127283

NSolve::ratnz : NSolve was unable to solve the system with inexact
coefficients. The answer was obtained by solving a corresponding exact system and numericizing the result. >

General::stop : Further output of NSolve::ratnz will be suppressed during this calculation. >
0.238 0.0109628

0.237 0.00920711

0.236 0.00746117

0.235 0.00572494

0.234 0.00399838

0.233 0.00228144

0.232 0.000574104

0.231 0.

0.23 0.

We next discuss whether a single copy of allele M could fix with a positive probability, according to a branching process model, if we were to
consider M within a population alternating in states between {R,MM} and {M,RR}. The geometric mean fitness of the two alleles is then:

M fR
RelativeAdvantage = Sqgrt [ — *WM=* wMM] - Sqrt [ — *WR* wRR]
2 2

-500. +500.+(1-22) (1.2 + 2)
Solve[RelativeAdvantage == 0, z]
{{z->-0.821699}, {z—->0.121699}}

Plot [RelativeAdvantage, {z, -0.5, 0.25}]
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