ClearAll ["d obal " %"]
Pl ot Functi on[ExperData_, SinData_]:=Table[{
days = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

Li stLi nePl ot [{Tabl e[{days[[i]], ExperData[[11]1[[i 11}, {i, 1, 17}71,
Tabl e[{days[[i]], ExperData[[3]][[i11}, {i, 1, 17}1},
Mesh -> Ful |, Pl ot Styl e -> {Dashed, Bl ack}, Pl ot Markers -> Autonati c,
Pl ot Range -> {{0, 31}, {-0.02, 1}}, Frane -> {{True, Fal se}, {True, Fal se}},
FrameLabel -> {"Days", "Frequency"},
FrameTi cks -> {Table[i, {i, 0, 30, 2}], Table[i, (i, 0, 1, 0.1}1}1,

Li stLi nePl ot [{Tabl e[{days[[i]], SinData[[2]1]1[[i 11}, (i, 1, 1731}, Mesh ->Full,
Pl ot Styl e -> {{Bl ack, Dashed}, Bl ack, {Red, Dashed}, Red},
Pl ot Markers -> {Automatic, Medium}, Pl otRange -> {{0, 31}, {-0.02, 1.05}},
Frame -> {{True, Fal se}, {True, Fal se}},
FrameLabel -> {"Days", "Frequency"},
FrameTi cks -> {Table[i, {i, 0, 30, 2}], Table[i, {i, 0, 1, 0.1}1},
FrameStyl e -> {{Thi ck, Thi ck}, {Thick, Thick}},
BaseStyl e -> {Bol d, FontSize ->18}1,

Li stLinePl ot [{Table[{days[[i]1], SinData[[31]1[[i11}, (i, 1, 17}1,
Tabl e[{days[[i 1], SinData[[4]]1[[i11}, {i, 1, 17}],
Tabl e[{days[[i ]]1, SinData[[51][[i11}, {i, 1, 17}],
Tabl e[{days[[i]], SinData[[6]1]1[[i]11}, {i, 1, 17}1},
Mesh -> Ful |, PlotStyl e -> {Bl ack, Red, Orange, G ay},
Pl ot Markers -> {Automatic, Medium}, PIotRange -> {{0, 31}, {-0.02, 1.05}},
Frame -> {{True, Fal se}, {True, Fal se}}, FranelLabel -> {"Days", "Frequency"},
FrameTi cks -> {Table[i, {i, 0, 30, 2}], Table[i, {i, 0, 1, 0.1}1},
FrameStyl e -> {{Thi ck, Thick}, {Thick, Thick}},
BaseStyl e -> {Bol d, FontSize ->18}1}1;

Evol veFuncti onML[U_?NunericQ Ute_?NunericQ factorG ow hl mpAnc_?NunericQ
fact or G owm hMuc_?NunericQ factorG ow hl npMic_?Nuneri cQ
factorPredati onMic_?NunericQ] : =

Modul e[{results = {}, rmnucoi dOverDays = {},
nonmucoi dOver Days = {}, ancestral Over Days = {},
i mqpAncOver Days = {}, mucOverDays = {}, i npMucOver Days = {},
i, t, assayedDays,
Daytime =24, Exptime =31, limting =10"-8, bG ow hBase = 2. 3,
predati onBase = -3.7 »10" -6, nD =10"6, nGowth =0.1,
ancestral =1076, nutantMic =0, nutantlnmpAnc =0, rutant! nmpMic =0,
ance, mutaMic, nutal npAnc, nutal npMic, growt hMiuc, grow hl npAnc,
growt hl mpMuc, predati onMiuc, predationl npAnc,
predationl npMuc, fregAnc, fregMic, freql mpAnc, freql npMic},

(*Mucoi d derived from ancestral *)
growt hMuc = bGr owt hBase = f act or G owt hMuc;
(xCOST Factor should be between 0.9 and 1x)
predati onMic = predati onBase % f act or Predat i onMuc;
(*ADVANTAGE Factor should be between 0.8 and 1)

(x| nproved ancestral *)
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gr owt hl mpAnc = bG owt hBase = f act or G owt hl npAnc;
(*ADVANTACGE Factor should be between 1 and 1. 1)
predati onl mpAnc = predati onBase; (*FI XED Shoul d not change from ancestral %)

(=1 mproved Micoi dx)
gr owt hl mpMuc = gr omt hMuc = f act or G owt hl npMuc;
(*ADVANTAGE Factor should be between 1 and 1. 1x)
predati onl npMiuc = predati onMuc;
(*FI XED Shoul d not change fromfirst mucoi dx)

assayedDays = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

For [i =1, i <Exptine, i ++,

s = NDSol ve [

{

ance' [t] == ance[t] * (bG owt hBase -
l[imting=* (ance[t] +mutaMic[t] +mnutal npAnc[t] +mnutal npMuc[t]) +
predationBase » mD *x Exp[-nGrowt hxt]) - (U-Ue) xance[t],

mut aMuc' [t] == mutaMuc[t] = (growt hMuc -l imiting=
(ance[t ] +nmutaMic [t ] +mutal mpAnc[t ] +nmutal mpMuc[t]) +predati onMic =
M« Exp[-mGrowthxt]) + texance[t] -4 *Ux*nutaMict],

mut al mpAnc' [t ] == mut al npAnc [t ] = (gr owt hl npAnc -
l[imting=* (ance[t] +mutaMic[t] +mnutal npAnc[t] +mutal npMuc[t]) +
predationl mpAnc * nD * Exp[-nromt hxt]) + Uxance[t],

mut al mpMuc' [t ] == mut al npMuc [t ] = (gr owt hl npMuc -
l[imting=* (ance[t] +mutaMic[t] +mnutal npAnc[t] +mnutal npMuc[t]) +
predationl mpMiuc * m0 « Exp[-nm&Growth xt 1) +4 » Ux nut aMuc [t ],

ance[0] == ancestral, nutaMic[0] == rmut ant Muc,
mut al npAnc [0] == nut ant | npAnc, rmut al npMuc [0] == nrut ant | npMuc}

, {ance, nmut aMuc, nutal npAnc, nutal npMic}
,» {t, Daytime}];

ancestral =ance[Daytinme] /. s; nutant Muic = nut aMuc [Dayti ne] /. s; nutant| npAnc =
mut al npAnc [Dayti me] /. s; nutant| npMuc = nut al npMuc [Dayti ne] /. s;

freqMuc = mutant Muc[[1]] /
(mutantMuc[[1]] +ancestral [[1]] +nutant| npAnc[[1]] +nutant|npMic[[1]]);
freqgl npAnc = nutant | npAnc[[1]] / (mutantMuc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] + mutant | npMic[[1]]);
freqgl npMuc = nutant I npMuc[[1]] / (mutantMuc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] + mutant | npMic[[1]]);
freqAnc =1 - (fregMuc +freqgl npAnc +freql npMic);

mut ant Muc = Fl oor [fregMic « 10" 6]; nut ant | npAnc = Fl oor [freql npAnc » 10" 67;
mut ant | npMuc = Fl oor [freql npMic * 107 6]; ancestral = Fl oor [freqAnc » 10" 6]7;

If[i ==1,
i mpAncOver Days = Append[i npAncOver Days, 01];
nmucOver Days = Append [nucOver Days, 01;
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i npMucOver Days = Append[i npMucOver Days, 0];
ancestral Over Days = Append[ancestral Over Days, 17;

mucoi dOver Days = Append [nucoi dOver Days, (fregMuic +freql npMic) ];
nonmucoi dOver Days = Append [nonnucoi dOver Days, (freqAnc +freql npAnc)];

]

| f [Count [assayedDays, i1 >0,

i mpAncQOver Days = Append[i mnpAncOver Days, freql npAnc];

nmucOver Days = Append [rmucOver Days, freqMicl;

i npMucOver Days = Append[i npMiucOver Days, freql npMicl;

ancestral Over Days = Append[ancestral Over Days, ancestral /10"67;

mucoi dOver Days = Append [nucoi dOver Days, (fregMuic +freql npMic)1;
nonmucoi dOver Days = Append [nonnucoi dOver Days, (freqAnc +freql mnpAnc)];
1
1;
results = Append[resul ts, nonmucoi dOver Days];

results = Append[results, nmucoi dOver Days];

results = Append[results, ancestral Over Days];
results = Append[results, nucOverDays];
results = Append[results, i npMicOver Days];
results = Append[results, i npAncOver Days];
results]

Evol veFuncti onM2[U_?NumericQ U e_?NumericQ factorG owt hl npAnc_?NunericQ
fact or G owm hMuc_?NunericQ factorG ow hl npMic_?Nuneri cQ
factorPredati onMuc_?NunericQ] : =

Modul e[{results = {}, nucoi dOver Days = {},
nonmucoi dOver Days = {}, ancestral Over Days = {},
i mpAncOver Days = {}, mucOverDays = {}, i npMucOver Days = {},
i, t, assayedDays,
Daytinme =24, Exptine =31, limting=10"-8, bG owt hBase = 2. 3,
predati onBase = -3.7 % 10" -6, nD =10"6, nGowh=0.1,
ancestral =1076, nmutantMuc =0, mnutant!| npAnc =0, nmut ant | npMuc = 0,
ance, mutaMic, nutal npAnc, nutal npMic, growt hMuc, growt hl npAnc,
growt hl npMuc, predati onMiuc, predationl npAnc,
predati onl mpMuc, fregAnc, fregMic, freql npAnc, freql npMic},

(*Mucoi d derived from ancestral )
growt hMuc = bGr owt hBase = f act or G owt hMuc;
(*COST Factor should be between 0.9 and 1x)
predati onMiuc = predati onBase *f act or Predat i onMic;
(*ADVANTAGE Factor should be between 0.8 and 1x)

(x| nproved ancestral *)
gr owt hl mpAnc = bG owt hBase = f act or G owt hl npAnc;
(*ADVANTACGE Factor should be between 1 and 1. 1x)
predati onl mpAnc = predati onBase; (*FI XED Shoul d not change from ancestral %)

|3
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(=l mproved Micoi dx)
gr owt hl mpMuc = gr omt hMuc = f act or G owt hl npMuc;
(*ADVANTAGE Factor should be between 1 and 1. 1)
predati onl npMic = predati onMic;
(xFI XED Shoul d not change fromfirst mucoi dx)

assayedDays = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

For [i =1, i <Exptine, i ++,

s = NDSol ve [

{

ance' [t] ==ance[t] = (bG owt hBase -
l[imting=* (ance[t] +mutaMic[t] +mutal npAnc[t] +mutal npMuc[t]) +
predationBase » mD x Exp[-nrowmt hxt]) - (U+ U e) xance[t],

mut aMuc' [t ] == mutaMuc[t] » (growt hMuc -l imting=
(ance[t ] +mutaMuic [t ] +mnmutal npAnc[t] +mutal npMuc [t ]) + predati onMic =
M« Exp[-mGowth=xt]) + texance[t] -Ux4 *nutaMic[t],

nmut al npAnc' [t ] == nut al npAnc [t ] * (gr owt hl npAnc -
l[imtings* (ance[t] +mutaMic[t] +nutal npAnc[t] +nutal npMic[t]) +
predationl npAnc *m0 * Exp[-maowh*t]) + Uxance[t],

mut al npMuc' [t ] == mut al npMuc [t ] = (gr owt hl npMic -
l[imting=* (ance[t] +mutaMic[t] +mnutal npAnc[t] +mutal npMuc[t]) +
predationl mpMiuc * nD * EXp[-nGrowm hxt]) + Ux4 % nut aMuc [t ],

ance[0] == ancestral, nutaMic[0] == nut ant Muc,
mut al npAnc [0] == nut ant | npAnc, nut al npMuc [0] == nut ant | npMuc}

, {ance, nmut aMuc, nutal npAnc, nutal npMic}
. {t, Daytime}];

ancestral =ance[Daytine] /. s; mutant Muc = nut aMuc [Dayti ne] /. s; nutant| npAnc =
nmut al npAnc [Daytime] /. s; mutant | nmpMic = nut al npMuc [Daytinme] /. s;

freqMuc = mutant Muc[[1]] /
(mutantMuc[[1]] +ancestral [[1]] +rmutant| mpAnc[[1]] +mutant | npMic[[1]]);
freql npAnc = nutant I npAnc[[1]] / (nutant Muc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] +mutant | npMic[[1]]);
fregl npMuc = nutant I npMuc[[1]] / (mutant Muc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] + mutant | npMic[[1]]);
fregAnc =1 - (fregMuc +freql npAnc +freql npMic);

nmut ant Muc = Fl oor [fregqMic » 107 6]; mut ant | npAnc = Fl oor [freql npAnc » 107 67;
nmut ant | npMuc = Fl oor [freqgl npMuc » 107 6]; ancestral = Fl oor [fregAnc » 10" 6];

If[i ==1,

i npAncOver Days = Append[i npAncOver Days, 01;
mucOver Days = Append [rmucOver Days, 07;

i mpMucOver Days = Append[i npMiucOver Days, 0];
ancestral Over Days = Append[ancestral Over Days, 17;

nmucoi dOver Days = Append [rucoi dOver Days, (fregMic +freql npMic)1;
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nonmucoi dOver Days = Append [nonnucoi dOver Days, (freqAnc +freql npAnc)1;
1

| f [Count [assayedDays, i] >0,

i mpAncOver Days = Append[i mpAncOver Days, freql npAnc];

nmucOver Days = Append [rmucOver Days, freqMicl;

i mpMucOver Days = Append[i mpMucOver Days, freql mpMicl;

ancestral Over Days = Append[ancestral Over Days, ancestral /10767;

mucoi dOver Days = Append [nucoi dOver Days, (freqgMuc +freql npMic)1;
nonmucoi dOver Days = Append [nonnucoi dOver Days, (freqAnc +freql mpAnc)1;
1
1;
results = Append[resul ts, nonrmucoi dOver Days];

results = Append[resul ts, rmucoi dOver Days];

results = Append[results, ancestral Over Days];
results = Append[resul ts, nucOver Days];
results = Append[results, i npMucOver Days];
results = Append[results, i npAncOver Days];
results]

Evol veFuncti onMB[U_?NunericQ Ute_?NunericQ factorGow hl mpAnc_?NunericQ
fact or G owm hMuc_?NunericQ factorG ow hl npMic_?Nuneri cQ
fact or G owm hSecl npMuc_?Nuneri cQ factor G owt hSecl npAnc_?Nuneri cQ
factorPredati onMuc_?NunericQ] : =

Modul e[{results = {}, mrucoi dOver Days = {}, nonnucoi dOver Days = {},
ancestral Over Days = {}, i npAncOverDays = {}, nucOverDays = {},
i mpMucOver Days = {}, secl mpMicOverDays = {}, secl npAncOver Days = {},

i, t, assayedDays,

Daytime =24, Exptinme =31, limting=10"-8,
bGr owt hBase = 2.3, predationBase = -3.7 %107-6, nD = 10”6,
maxowh=0.1, ancestral =1076, mutantMic =0, mnutantl|npAnc =0,
nmut ant | npMuc = 0, nut ant Secl npMiuc = 0, nut ant Secl npAnc = 0,

ance, nmutaMic, nutal npAnc, nut al npMic, nmut aSecl npAnc, nmut aSecl npMuic,
growt hMuc, growt hl npAnc, growt hl npMic, growt hSecl npMic,
growt hSecl npAnc, predati onMic, predationl npAnc, predationlnpMic,
predati onSecl npMuc, predationSecl npAnc, freqAnc, fregMic,
freqgl npAnc, freql mpMuc, freqgSecl npMic, freqSecl npAnc},

(*Mucoi d derived from ancestral x)
growt hMuc = bGrowt hBase * f act or G owmt hMuc;
(*COST Factor should be between 0.9 and 1x)
predati onMuc = predati onBase *f act or Predat i onMic;
(*ADVANTAGE Factor should be between 0.8 and 1x)

(*l mproved ancestral *)
gr owt hl mpAnc = bG owt hBase = f act or G owt hl npAnc;
(*ADVANTAGE Factor should be between 1 and 1. 1)
predati onl mpAnc = predati onBase; (*FI XED Shoul d not change from ancestral %)
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(=l mproved Micoi dx)
gr owt hl mpMuc = gr omt hMuc = f act or G owt hl npMuc;
(*ADVANTAGE Factor should be between 1 and 1. 1)
predati onl npMic = predati onMic;
(xFI XED Shoul d not change fromfirst mucoi dx)

(*Second | nproved Micoi dx)
gr owt hSecl npMuc = gr owt hl npMuc;
(*ADVANTAGE Factor should be between 1 and 1.1x)
predati onSecl mpMic = predati onMic = f act or G owt hSecl npMuc;
(*FI XED Shoul d not change fromfirst mucoi dx)

(»Second | mproved Ancestral )
gr owt hSecl npAnc = gr owt hl npAnc = f act or G owt hSecl npAnc;
(*ADVANTAGE Factor should be between 1 and 1. 1)
predati onSecl npAnc = predati onBase;
(xFI XED Shoul d not change fromfirst mucoi dx)

assayedDays = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

For [i =1, i <Exptime, i ++,

s = NDSol ve[
{
ance' [t] ==

ance[t] » (bGow hBase-limtings (ance[t] +nutaMic[t] +nutal npAnc[t] +
nmut al npMuc [t ] + mut aSecl npAnc [t ] + nut aSecl npMuc [t ]) +
predationBase » mD x Exp[-nerowmt hxt]) - (U+ U e) xance[t],

mut al mpAnc' [t ] == mut al npAnc [t ] = (gr owt hl npAnc -
[imtings* (ance[t] +mutaMic[t] +nutal npAnc[t] +nutal npMic[t] +
nmut aSecl npAnc [t ] + nut aSecl npMuc [t 1) + predati onl mpAnc =
M)« Exp[-maowthxt]) +Uxance[t] -Uxnutal npAnc [t ],

mut aSecl npAnc' [t ] == nut aSecl npAnc [t ] =
(growt hSecl npAnc -limting=* (ance[t] +nmutaMic[t] +nmutal npAnc[t] +
nmut al npMuc [t ] + mut aSecl npAnc [t ] + nut aSecl npMuc [t ]) +
predati onSecl npAnc » mD « Exp[-n&rowt h *t 1) + Ux mut al npAnc [t ],

mut aMuc' [t ] == mutaMic [t ] *
(growt hMuc -limting=* (ance[t] +nutaMic[t] +nutal mpAnc [t ] + mutal mpMic [
t 1 + nut aSecl npAnc [t ] + mut aSecl npMuc [t ]) +predati onMic
M« Exp[-mGrowth=xt]) + texance[t] -Ux4 *nutaMict],

mut al npMuc' [t ] == nut al npMuc [t ] *
(growt hl mpMuc -l imting=* (ance[t] +nmutaMic[t] +nutal npAnc[t] +
nmut al npMuc [t ] + mut aSecl npAnc [t ] + nut aSecl npMuc [t ]) +
predationl mpMiuc * nD « EXp[-nGrom h xt]) +
Ux4 xnmutaMic[t] - Ux4 «nutal npMuc [t ],

mut aSecl npMuc' [t ] == nut aSecl npMiuc [t ] *
(growt hSecl npMiuc -limting=x (ance[t] +nmutaMic[t] +nmutal npAnc[t] +
mut al npMuc [t ] + mut aSecl npAnc [t ] + nut aSecl npMuc [t ]) +
predati onSecl npMic = D * Exp[-narowth =t 1) + Ux4 % nmut al npMuc [t ],
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ance[0] == ancestral, nutaMic[0] == nmut ant Muc,
mut al npAnc [0] == nut ant | npAnc, nut al npMuc [0] == nut ant | npMuc,
mut aSecl npAnc [0] == nmut ant Secl npAnc, nut aSecl npMuc [0] == nut ant Secl npMuc}

, {ance, nmut aMuc, nut al npAnc, nutal npMuc, nmut aSecl npAnc, nut aSecl npMuc}
, {t, Daytime}];

ancestral =ance[Daytine] /. s;
mut ant Muc = nut aMuc [Daytine] /. s; nutant| npAnc = nut al npAnc [Dayti nme] /. s;
mut ant | npMuc = nut al npMuc [Dayti me] /. s; nutant Secl npMic =
mut aSecl npMuc [Dayti me] /. s; nut ant Secl npAnc = nut aSecl npAnc [Dayti ne] /. s;

freqMuc = mutant Muc[[1]] /7 (mutantMuc[[1]] +ancestral [[1]] +rmutant| npAnc[[1]1] +
mut ant | npMuc [ [1]] + mut ant Secl npAnc[[1]] + nut ant Secl npMuc[[11]);
fregl npAnc = nutant I npAnc[[1]] / (mutantMuc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] +rutant I npMuc[[1]] +
nmut ant Secl npAnc[[1]] + nut ant Secl npMuc[[1]1]);
fregl npMuc = nutant I npMuc[[1]] / (mutant Muc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] + nutant I npMuc[[1]] +
nmut ant Secl npAnc [[1]] + nut ant Secl npMuc[[1]1]);
fregSecl npAnc = rut ant Secl npAnc[[1]] / (nutant Muc[[1]] +
ancestral [[1]] +nutantlmpAnc[[1]] +mutant|npMuc[[1]] +
mut ant Secl npAnc[[1]] + nut ant Secl npMuc[[1]1]);
freqSecl npMuc = rmutant Secl npMuc[[1]] / (nutant Muc[[1]] +
ancestral [[1]] +nutant | npAnc[[1]] +utant | mpMuc[[1]] +
mut ant Secl npAnc[[1]] + nut ant Secl npMuc[[1]1]);

fregAnc =1 - (fregMuc +freqgl npAnc +freql npMic +freqSecl npAnc +freqSecl npMic);

nmut ant Muc = Fl oor [fregMic » 107 6]; mut ant | npAnc = Fl oor [freql npAnc » 107 67;
mut ant | npMiuc = Fl oor [freql npMic » 10" 6];
nmut ant Secl npMuc = Fl oor [freqgSecl mnpMuc * 107 6]; mut ant Secl npAnc =
Fl oor [freqgSecl mpAnc » 107 6]; ancestral = Fl oor [freqAnc x10767;

If[i ==1,

i mpAncOver Days = Append[i npAncOver Days, 01;
mucOver Days = Append [rmucOver Days, 07;

i mpMucOver Days = Append[i npMucOver Days, 0];

secl mpMucOver Days = Append [secl npMicOver Days, 01;
secl npAncOver Days = Append [secl npAncOver Days, 01;
ancestral Over Days = Append[ancestral Over Days, 17;

nmucoi dOver Days = Append [rucoi dOver Days, (fregMic +freql mpMic +freqSecl mpMic) ];
nonnucoi dOver Days =
Append [nonnucoi dOver Days, (fregAnc +freql npAnc +freqSecl npAnc)1;

1

| f [Count [assayedDays, i] >0,

i mpAncOver Days = Append[i npAncOver Days, freql npAnci;

mucOver Days = Append [mucOver Days, fregMic];

i mpMucOver Days = Append[i npMiucOver Days, freqgl npMic];

secl npMucOver Days = Append [secl npMiucOver Days, freqSecl npMic];
secl mpAncOver Days = Append [secl npAncOver Days, freqgSecl npAnc];
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ancestral Over Days = Append[ancestral Over Days, ancestral /10"67;

mucoi dOver Days = Append [nucoi dOver Days, (fregMic +freql npMic +freqgSecl npMic) 1;
nonmucoi dOver Days =
Append [nonnucoi dOver Days, (freqgAnc +freql npAnc +freqgSecl npAnc)J;
1
IN
results = Append[resul ts, nonmucoi dOver Days];
results = Append[results, nmucoi dOver Days];

results = Append[resul ts, ancestral Over Days];
results = Append[resul ts, mucOver Days];
results = Append[results, i npMicOver Days];
results = Append[results, i npAncOver Days];

results = Append[results, secl npMicOver Days];
results = Append[resul ts, secl npAncOver Days];

results]

Evol veFuncti onMA[U_?Nuneri cQ
Ue ?NunericQ Utelon_?NunericQ exciseLon_?NunericQ
factorGow hl A_?NumericQ factorG owt hFirst Muc_?NumericQ
fact or G owm hLon_?Nuneri cQ factor G ow hl nprovLon_?Nuneri cQ
factorGowt hYi aw_?Nuneri cQ factor G owt hSecl mpAnc_?Nuneri cQ
factor Predati onFirstMic_?NunericQ factorPredationLon_?NunericQ
factorPredationYi aw_?NunericQ] : =

Modul e[{results = {}, rnucoi dOverDays = {}, nonnucoi dOver Days = {},
ancestral Over Days = {}, i nprovAncestral Over Days = {},
secl nprovAncestral Over Days = {}, nmuclOver Days = {},
muc2C0ver Days = {}, muc3Over Days = {}, muc4Over Days = {},

i, t, assayedDays,

Daytinme =24, Exptinme =31, limting=10"-8,
bG owt hBase = 2.3, predati onBase = -3.7 %*10"-6, nD = 10”6,
mxowh=0.1, ancestral =106, ancestar =0, ancestartwo =0,
muclyrff =0, nuc2lon =0, nmuc3l onyi aw=0, nmucdyrffyiaw=0,

Ut el on2, ance, inprovedAnce, secl nprovedAnce, firstMic,
| onMuc, inprovedLonMic, inprovedMic, growt hl nprovAnce,
growt hFi rst Muc, growt hLonMuc, growt hl nprovLonMic, growt hYi aw,
gr owt hSecl npr ovAnce, predationSecl nprovAnce, predationl nprovAnce,
predati onFirst Muc, predati onLonMic, predationl nprovLonMic,
predationYiaw, alllndividuals, fregAnc, freqgl npAncestral,
fregMucl, freqWuc2, fregMuc3, fregMic4, freqAnceTwo},

(*Ancestral )
(*U -> Generates | nproved Ancestral sx)

(*l nproved ancestral *)
growt hl nprovAnce = bGrowt hBase = f act or G- owt hl A;

(*ADVANTAGE Factor for growth should be between 1 and 1. 1x)
predati onl nprovAnce = pr edat i onBase;
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(*FI XED Shoul d not change from ancestral *)

(=l mproved ancestral 2x)
gr owt hSecl npr ovAnce = growt hl nprovAnce = f act or G owt hSecl npAnc;
(*ADVANTAGE Factor for growth should be between 1 and 1. 1x)
predati onSecl npr ovAnce = predati onBase;
(xFI XED Shoul d not change from ancestral )

(xFirst Mucoid (yrfF) appearing, derived from ancestral =)
growt hFi rst Muc = bGr owt hBase = f act or G owt hFi r st Muc;
(*COST Factor for growth should be between 0.9 and 1x)
predati onFirst Mic = predati onBase = f act or Predati onFi r st Muc;
(*ADVANTAGE Factor for predation should be between 0.8 and 1x)
(xUte -> Generates |on nmucoid OR yi aws)

(%l mproved LON Mucoid, derived fromlon rucoidx)
gr owt hl mprovLonMic = gr owt hFi r st Muc = f act or G owt hl nmpr ovLon;
(*ADVANTAGE Factor for growh should be between 1 and 1. 1x)
pr edati onl nprovLonMic = predati onFir st Mic;
(*FI XED Shoul d not change from | on rucoi dx)
(xexci seLon -> Can generate yi aws)

(xyi aw Micoi d,

derived either fromfirst nucoid (yrfF) or inproved Lon Micoi dx)
growt hYi aw = gr owt hl npr ovLonMic % f act or G- owt hYi aw;

(*ADVANTAGE Factor for growth should be between 1 and 1. 1x)
predationYi aw = predationl nprovLonMic = f act or Predati onYi aw;

(*xCOST relative to |l on; Factor for predation shoul d be between ???x)
(*OR predationYi aw = predationFirst Micxf act or Predati onYi aw,

(*ADVANTACE rel ative to first mucoid;

Factor for predation should be between ???x)x)

assayedDays = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30},

For [i =1, i <Exptine, i ++,

s = NDSol ve [
{
ance' [t] ==

ance[t] » (bGow hBase-limting=x (ance[t] +inprovedAnce[t] +firstMic[
t ] +inprovedLonMic [t ] +i nprovedMic[t] +secl nprovedAnce[t]) +
predati onBase » nD « Exp[-m&owthxt]1) - (U (xgenerates i nproved
Ancestral ) +Ute (xgenerates first mucoids)) xance[t],

i mprovedAnce' [t] == i nprovedAnce[t] *

|9

(growt hl nprovAnce -limting* (ance[t] +inprovedAnce[t] +firstMic[t] +

i mprovedLonMic [t ] +i nprovedMuc [t ] +secl nprovedAnce[t]) +
predationBase » mD x Exp[-nerowmt hxt]) +U
(xoriginates fromancestral ) xance[t] -
4 % U (xgenerates inproved ancestral 2x) xinprovedAncef[t],
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secl mprovedAnce' [t] ==
secl nprovedAnce[t ] = (growt hSecl nprovAnce -limting = (ance[t] +
i mprovedAnce[t] +firstMiuc[t] +i nprovedLonMic[t] +i nmprovedMic [
t] +secl nprovedAnce([t]) +predati onBase *xnD « Exp[-mGowm h=xt]) +
4 xU (xoriginates frominproved ancestral =) =i nprovedAnce|[t ],

firstMic' [t] == (*yrfFx)
firstMic[t] » (growt hFirstMuc -limting=* (ance[t] +i nprovedAnce[t] +
firstMic[t] +inmprovedLonMic [t ] +inprovedMic[t] +
secl nprovedAnce[t]) + predationFirstMic *nD « Exp[-mGromthxt]) +
Ute (xoriginates fromancestral ) xance[t] - Utelon=xfirstMic(t],

i mprovedLonMuc' [t] == (xyrfF + lon + yiaWk)i nprovedLonMic[t ] *
(growt hl mprovLonMuc -limting (ance[t] +inprovedAnce[t] +firstMc]
t ] +inprovedLonMic [t ] +i nprovedMic [t ] +secl nprovedAnce[t]) +
predationl nprovLonMic » mD =« Exp[-nGrowthxt 1) +
UtelonxfirstMic[t] -U=inprovedLonMic[t],

i mprovedMuc' [t] == (*yrfF + yi aWk)
i mprovedMuc [t ] =
(growt hYiaw-limting=* (ance[t] +inprovedAnce[t] +firstMic[t] +
i mprovedLonMic [t ] +i nprovedMuc [t ] +secl nprovedAnce[t]) +
predationYiaw »nmD « Exp[-m&owth*t]) + Uxi nprovedLonMic [t ],

ance[0] == ancestral, inprovedAnce[0] == ancestar,
firstMic[0] == nuclyrff, i mprovedLonMic [0] == nuc3l onyi aw,
i mprovedMuc [0] == nuc4yrffyiaw, secl nprovedAnce[0] == ancestartwo}

, {ance, i nprovedAnce, firstMic, inprovedLonMic, inprovedMic, secl nprovedAnce}
. {t, Daytime}];

ancestral =ance[Daytinme] /. s; ancestar =i nprovedAnce[Daytine] /. s;
muclyrff =firstMic[Daytine] /. s; nuc3l onyi aw =i nprovedLonMuc [Daytinme] /. s;
nmuc4yrffyi aw=inprovedMic [Daytine] /. s;
ancestartwo = secl nprovedAnce[Daytine] /. s;

al | I ndividuals = (ancestral [[1]] +ancestar [[1]] +muclyrff [[1]] +
muc3l onyi aw[[1]] + mucdyrffyiaw[[1l]] +ancestartwo[[1]]);

freqgl npAncestral =ancestar [[1]] /alllndividuals;

freqMucl = nuclyrff [[1]] /alllndividuals;

freqMuc3 = nuc3l onyi aw[[1]] /7 al | I ndi vi dual s;

freqMuc4 = nucdyrffyiaw[[1]] /alllndividual s;

freqAnceTwo = ancestartwo[[1]] /al | I ndi vi dual s;

freqAnc =1 - (freqgl npAncestral +freqMucl +freqMuc3 +freqMic4 +freqAnceTwo);

(*Simul ate Bottl eneck -
popul ation size of an hapl otype should be at |east 1076x)
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ancestar = Fl oor [fregl npAncestral »1076]; muclyrff = Fl oor [freqgMicl » 10" 61;
muc3l onyi aw = Fl oor [freqMuc3 * 107 6];

mucdyr f fyi aw = Fl oor [fregMiuc4 » 10" 6]; ancestral = Fl oor [fregAnc «1076];
ancestartwo = Fl oor [freqgAnceTwo =« 107 6];

If[i ==1,

i mprovAncest ral Over Days = Append [i npr ovAncestral Over Days, 0];
nmuclOver Days = Append[nuclOver Days, 01;

nmuc3O0ver Days = Append [nuc3Over Days, 01;

nmuc4Over Days = Append [nuc4Over Days, 01;

secl mprovAncest ral Over Days = Append [secl nprovAncestral Over Days, 01;
ancestral Over Days = Append[ancestral Over Days, 17;

mucoi dOver Days = Append [nucoi dOver Days, 071;
nonmucoi dOver Days = Append [nonnucoi dOver Days, 17;
1

| f [Count [assayedDays, i1 >0,
i npr ovAncestral Over Days =
Append [i nprovAncestral Over Days, freql npAncestral ];
nmuclOver Days = Append[nuclOver Days, freqMicli;
muc3Over Days = Append [nuc3Over Days, freqMic3];
muc4Over Days = Append [nuc4Over Days, freqMic4];

secl mprovAncestral Over Days = Append[secl nprovAncestral Over Days, fregAnceTwo];
ancestral Over Days = Append[ancestral Over Days, ancestral /10"67;

nmucoi dOver Days = Append [rucoi dOver Days, (fregMicl +fregMic3 +freqMic4)];
nonnucoi dOver Days =
Append [nonnucoi dOver Days, (fregAnc +freql npAncestral +fregAnceTwo)];

]
1
results = Append[resul ts, nonnmucoi dOver Days];

results = Append[resul ts, nmucoi dOver Days];
results = Append[resul ts, ancestral Over Days];
results = Append[resul ts, i nprovAncestral Over Days];
results = Append[resul ts, muclOver Days];
results = Append[resul ts, muc3Over Days];
results = Append[resul ts, nmuc4Over Days];

results = Append[resul ts, secl nprovAncestral Over Days];
results]

Evol veFuncti onMb[U_?NunericQ U e ?NunericQ
factorGowthML_?NurericQ factor G ow hM2_?NunericQ

fact or G owm hMB_?Nuneri cQ factorG owt hMA_?Nuneri cQ
factorPredati onML_?NunericQ factorPredati onM3_?NunericQ] : =

Modul e[{results = {}, mucoi dOverDays = {},
nonmucoi dOver Days = {}, ancestral OverDays = {}, firstMucOverDays = {},
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i mqpAncOver Days = {}, secMucOverDays = {}, secl npAncOver Days = {},

i, t, assayedDays = {},

Daytinme =24, Exptime =31, limting=10"-8, bG ow hBase = 2. 3,
predati onBase = -3. 7% 10" -6, nD =106, mdowth=0.1, ancestral =10"6,
mutantl =0, mutant2 =0, nmutant3 =0, nutant4 =0, nutant5 =0,

ance, firstMic, inpAnc, secMic, secl npAnc, thrdMuc, grow hMut 1,
growt hvut 2, growt hMut 3, growt hvut 4, growt hMut5, predati onMut1,
predati onMut 2, predati onMut3, predationMit4, predationMut5, fregAnc,
fregFirstMic, freql npAnc, freqSecMic, freqSecl npAnc, freqThrdMic},

(*Mucoi d derived from ancestral )
growt hMut 1 = bG owt hBase = f act or G owmt hML;
(xCOST Factor should be between 0.9 and 1x)
predati onMut 1 = predati onBase = f act or Predat i onML;
(*ADVANTAGE Factor should be between 0.8 and 1)

(*l mproved ancestral %)
growt hMut 2 = bGr owt hBase = f act or G owt hM2;
(*ADVANTACE Factor shoul d be between 1 and 1. 1x)
predati onMut 2 = predati onBase; (xFI XED Shoul d not change from ancestral *)

(%I nproved nucoi dx)
growt hMut 3 = growmt hMut 1 = f act or G owt h\VB;

(*ADVANTAGE Factor (growt hMB) shoul d be between 1 and 1. 1x)
predationMit 3 = predati onMut 1 = f act or Predat i onMs;

(*FI XED Shoul d not change from previ ous nucoi dx)

(»l mproved ancestral 2x)
growt hMut 4 = growt hMut 2 = f act or G owt hM4;
(*ADVANTACE Factor shoul d be between 1 and 1. 1x)
predati onMut 4 = predati onBase; (xFI XED Shoul d not change from ancestral *)

assayedDays = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

(xPrint U ",",Ue,",",Uelon,",", growthMut1,",", growt hvut 2, ", ", gr owt hMut 3,
", ", predationMutl,",", predationMit2,",", predati onMut 3 ]=)

For [i =1, i <Exptine, i ++,

s = NDSol ve [

{

ance' [t] == ance[t] * (bGowthBase-limting=
(ance[t] +firstMuc[t] +inmpAnc[t] +secMic[t] +seclnpAnc[t]) +
predati onBase »nD « Exp[-m&arowthxt]) - (U+Ute) xance[t],

i MpANC' [t] ==inpAnc[t] * (growthMit2-limting=
(ance[t] +firstMuc[t] +inmpAnc[t] +secMic[t] +seclnpAnc[t]) +
predati onMut2 » D * Exp[-nrowt hxt]) + Uxance[t] -U=i nmpAnc[t],

secl mpAnc' [t] ==seclnpAnc[t] = (growthMut4 -limting=

(ancef[t] +firstMuc[t] +inpAnc[t] +secMiuc[t] +seclnpAnc[t]) +
predationMiut4 »mD « Exp[-nGrowth xt]) + Uxi npAnc [t ],

firstMuc' [t] ==firstMuc[t] = (growthMutl-limtingx (ance[t] +firstMic[t] +
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i MPANc [t ] +secMuc[t] +seclnpAnc[t]) +predati onMut 1l
m * Exp[-nowthxt]) +Utexance[t] -U/4xfirstMic[t],

secMuc' [t] ==secMiuc[t] = (gromthMut3-limting=
(ancef[t] +firstMuc[t] +inpAnc[t] +secMiuc[t] +seclnpAnc[t]) +
predati onMut 3xnD « Exp[-m&arowthxt]) +U/4xfirstMclt],

ance[0] == ancestral, firstMic[0] == nutant 1,
i MpAnc[0] == mut ant 2, secMuc[0] == nut ant 3, secl npAnc[0] == nut ant 4}

, {ance, firstMic, i npAnc, secMic, secl npAnc}
, {t, Daytine}];

ancestral =ance[Daytine] /. s;
mutantl =firstMic[Daytinme] /. s; mutant2 =i npAnc [Daytine] /. s;
nmut ant 3 = secMuc [Dayti ne] /. s; nutant4 = secl npAnc [Daytine] /. s;

fregFirstMic =mutant 1[[1]] / (nutant1[[1]] +
ancestral [[1]] +nutant2[[1]] +mutant3[[1]] +mutant4([[1]1]);

fregl npAnc = nutant2[[1]] / (nutant1[[1]] +ancestral [[1]] +
mutant2[[1]] +utant3[[1]] +nutant4[[1]]);

freqSecMuc = nutant3[[1]] / (prutant1[[1]] +ancestral [[1]1] +
mutant2[[1]] +utant3[[1]] +nutant4[[1]]);

freqSecl npAnc = nutant4[[1]]/ (mutant1[[1]] +ancestral [[1]] +
mutant2[[1]] +utant3[[1]] +nutant4[[1]]);

freqAnc =1 - (fregFi rst Muc +freqgl npAnc +freqSecMic +freqSecl npAnc);

mut ant 1 = Fl oor [freqFirst Mic » 107 6];
mut ant 2 = Fl oor [freql mpAnc » 107 6]; mut ant 3 = Fl oor [freqSecMic » 10" 6];
mut ant 4 = Fl oor [freqSecl npAnc =« 107 6]; ancestral = Fl oor [freqgAnc x10767;

If[i ==1,

firstMucOver Days = Append[first MucOver Days, 01;

i npAncOver Days = Append[i npAncOver Days, 01;
secMucOver Days = Append[secMiucOver Days, 01;

secl mpAncOver Days = Append[secl npAncOver Days, O07;
ancestral Over Days = Append[ancestral Over Days, 17;

mucoi dOver Days = Append [nucoi dOver Days, 07];
nonmnucoi dOver Days = Append [nonnucoi dOver Days, 17;
1

| f [Count [assayedDays, i1 >0,

firstMicOver Days = Append[first MucOver Days, freqFirstMic];

i mpAncQOver Days = Append[i npAncOver Days, freql npAnc];

secMucOver Days = Append[secMiucOver Days, freqSecMic];

secl mpAncOver Days = Append [secl npAncOver Days, freqSecl npAnc];
ancestral Over Days = Append[ancestral Over Days, ancestral /10"67;

mucoi dOver Days = Append [nucoi dOver Days, (freqFirstMic +freqSecMic)];
nonmucoi dOver Days =

Append [nonnucoi dOver Days, (freqgAnc +freql npAnc +freqgSecl npAnc)];
1
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1
results = Append[resul ts, nonnmucoi dOver Days];
results = Append[resul ts, rmucoi dOver Days];
results = Append[resul ts, ancestral Over Days];
results = Append[results, firstMicOverDays];
results = Append[results, i npAncOver Days];
results = Append[results, secMucOver Days];
results = Append[results, secl npAncOver Days];
results]

Evol veFuncti onM6 [U_?NunericQ Ute_?NunericQ factorG ow hl mpAnc_?NunericQ
factor Gowt hMuc_?Nuneri cQ factorG owt hl npMic_?NunericQ
factorPredati onMic_?NunericQ] : =

Modul e[{results = {}, mnucoi dOverDays = {},
nonmucoi dOver Days = {}, ancestral Over Days = {},
i mqpAncOver Days = {}, mucOverDays = {}, i npMucOver Days = {},
i, t, assayedDays,
Daytinme =24, Exptime =31, limting=10"-8, bG ow hBase = 2. 3,
predati onBase = -3.7 »10" -6, nD =10"6, nGowth =0.1,
ancestral =106, nutantMic =0, nutantlnmpAnc =0, rutant! mpMic =0,
ance, mutaMic, nutal npAnc, nutal npMuc, growt hMiuc, grow hl npAnc,
growt hl mpMuc, predati onMuc, predationl npAnc,
predationl npMuc, fregAnc, fregMic, freql mpAnc, freql npMic},

(x*Mucoi d derived from ancestral *)
growt hMuc = bGr owt hBase = f act or G owt hMuc;
(xCOST Factor should be between 0.9 and 1x)
predati onMic = predati onBase % f act or Predat i onMuc;
(*ADVANTAGE Factor should be between 0.8 and 1)

(*l mproved ancestral %)
growt hl mpAnc = bGr owt hBase * f act or G owt hl npAnc;
(*ADVANTAGE Factor should be between 1 and 1. 1x)
predati onl npAnc = predati onBase; (xFI XED Shoul d not change from ancestral )

(%I nproved Micoi dx)
gr owt hl mpMuc = gr omt hMuc = f act or G owt hl npMuc;
(*ADVANTACGE Factor should be between 1 and 1. 1x)
predati onl npMuc = predati onMic;
(*FI XED Shoul d not change fromfirst mucoi dx)

assayedDays = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

For [i =1, i <Exptine, i ++,

s = NDSol ve [

{

ance' [t] == ance[t] = (bG owt hBase -
[imting=* (ance[t] +mutaMic[t] +nutal npAnc[t] +nutal npMic[t]) +
predationBase » D x Exp[-nrowmt hxt]) - (U+ U e) xance[t],

mut al mpAnc' [t ] == mut al npAnc [t ] = (gr owt hl npAnc -
l[imting=* (ance[t] +mutaMic[t] +mutal npAnc[t] +mutal npMuc([t]) +
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predationl mpAnc * nD * Exp[-nromt hxt]) + Uxance([t],

mut aMuc' [t ] ==mutaMic[t] » (growt hMuc -l imting=
(ance [t ] +mutaMuic [t ] +mutal npAnc[t] +mutal npMuc [t ]) +predati onMic =
mD * Exp[-nowthxt]) +Utexance[t] -Ux4 xnutaMic[t],

mut al mpMuc' [t ] == nut al npMuc [t ] * (gr owt hl npMuc -
[imtings* (ance[t] +nrmutaMic[t] +nutal npAnc[t] +nutal npMic[t]) +
predationl mpMiuc * m0 * EXp[-m&arowth xt 1) + Ux 4 % nut aMuc [t ],

ance[0] == ancestral, nutaMic[0] == rmut ant Muc,
mut al npAnc [0] == nut ant | npAnc, nut al npMuc [0] == nut ant | npMuc}

, {ance, nmut aMuc, nutal npAnc, nutal npMic}
., {t, Daytime}];

ancestral =ance[Dayti me] /. s; nutant Muc = nut aMuc [Dayti ne] /. s; nutant | npAnc =
mut al npAnc [Dayti me] /. s; mutant| npMic = nut al npMuc [Dayti ne] /. s;

fregMuc = mutant Muc[[1]] /
(mutantMuc[[1]] +ancestral [[1]] +nutantl npAnc[[1]] +nutant|npMic[[1]1]);
freql npAnc = nutant I npAnc[[1]] / (mutantMuc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] + mutant | npMic[[1]]);
freql npMic = nutantl mpMuc[[1]] / (nutant Muc[[1]] +ancestral [[1]] +
mut ant | npAnc [[1]] + mutant | npMic[[1]]);
freqAnc =1 - (fregMuc +freqgl npAnc +freql npMic);

mut ant Muc = Fl oor [fregMic » 10" 6]; nut ant | npAnc = Fl oor [freql npAnc » 10" 67;
mut ant | npMuc = Fl oor [freql mnpMic * 107 6]; ancestral = Fl oor [freqAnc » 10" 67;

If[i ==1,

i mpAncOver Days = Append[i npAncOver Days, 07;
nmucOver Days = Append [nucOver Days, 01;

i mpMucOver Days = Append[i mpMucOver Days, 01;
ancestral Over Days = Append[ancestral Over Days, 11;

mucoi dOver Days = Append [nucoi dOver Days, (freqgMuic +freql npMic)1;
nonmucoi dOver Days = Append [nonnucoi dOver Days, (freqAnc +freql npAnc)1;
1

| f [Count [assayedDays, i] >0,

i mpAncOver Days = Append[i npAncOver Days, freqgl npAnci;

nmucOver Days = Append [mucOver Days, freqMicl;

i mpMucOver Days = Append[i mpMucOver Days, freql mpMicl;

ancestral Over Days = Append[ancestral Over Days, ancestral /10767;

nmucoi dOver Days = Append [nucoi dOver Days, (fregMic +freql npMic)1;
nonmucoi dOver Days = Append [nonnucoi dOver Days, (freqAnc +freql mpAnc)1;
1
1;
results = Append[resul ts, nonnmucoi dOver Days];

results = Append[resul ts, rmucoi dOver Days];

results = Append[resul ts, ancestral Over Days];
results = Append[resul ts, nucOver Days];
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results = Append[results, i npMicOver Days];
results = Append[results, i npAncOver Days];
results]

(*xL1I NE Ax)
Experi nent al Dat aA = | nport [

" /Users/j orgeabsousa/Dr opbox/PhD Lab/###PROJECTSt##/Micoi dDynamni cs/Micoi d

Dynani cs/MucDynani cs/MLDat a. csv", "CSV'];

Experi ment al Dat aA;
Experi nment al Dat aA[[1]] = Del et e [Experi nent al Dat aA[[1]], 17;
Experi nment al Dat aA[[2]] = Del et e [Experi nent al Dat aA[[2]], 11;
Experi ment al Dat aA[[3]] = Del et e [Experi nent al Dat aA[[3]]1, 17;
Experi ment al Dat aA[[4]] = Del et e [Experi nent al Dat aA[[4]], 17;
Experi ment al Dat aA[[5]] = Del et e [Experi nent al Dat aA[[5]]1, 17;
Experi ment al Dat aA[[6]] = Del et e [Experi nent al Dat aA[[6]], 1];

sU=3%10"-7;
sUte =4 %10" -7,
sfacG ow hl npAnc = 1. 03; (*Ancestral -> Inproved Ancestral =)
sfacG owm hMuc = 0. 946; (xAncestral -> Micoi dx)
sfacG ow hl npMuc = 1. 019; (*Mucoid -> I nproved Micoi dx)
sfacPredMuc = 0. 874; (xAncestral -> Micoi dx)
r121A = Evol veFuncti onML[sU, sU e, sfacG owt hl npAnc,
sfacG owt hMuc, sfacG owt hl npMuc, sfacPredMic];

Pl ot Functi on[Experi nent al Dat aA, r121A]

(*L1 NE Bx)
Experi nent al Dat aB = | nport [

" /Users/j or geabsousa/Dr opbox/PhD Lab /###PRQJECTSt##/Micoi dDynami ¢cs/Micoi d

Dynani cs/MucDynani cs/MDat a. csv", "CSV'];

Experi ment al Dat aB;
Experi nment al Dat aB[[1]] = Del et e [Experi mental DataB[[1]], 11;
Experi nment al Dat aB[[2]] = Del et e [Experi ment al Dat aB[[2]], 11;
Experi nment al Dat aB[[3]] = Del et e [Experi ment al Dat aB[[3]], 11;
Experi nment al Dat aB[[4]] = Del et e [Experi ment al Dat aB[[4]], 11;
Experi ment al Dat aB[[5]] = Del et e [Experi ment al Dat aB[[5]1], 11;
Experi ment al Dat aB[[6]] = Del et e [Experi ment al Dat aB[[6]], 11;

(*Test function with paranetersx)
sU=9.6%10"-8;
sUte =4.45% 10" -7;
sfacG ow hl npAnc = 1. 04; (*Ancestral -> Inproved Ancestral =)
sfacG owt hMuc = 0. 9614; (xAncestral -> Micoi dx)
sfacG ow hl mpMuc = 1. 02; (*Mucoid -> | nproved Micoi dx)
sfacPredMuc = 0. 864; (xAncestral -> Micoi dx)
r121B = Evol veFuncti onM2[sU, sUt e, sfacG owt hl npAnc,
sfacG owt hMuc, sfacG owt hl mpMuc, sfacPredMic];

Pl ot Functi on[Experi nent al Dat aB, r121B]
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(*LI NE Cx)
Experi nent al Dat aC= | nport [

" /Users/j or geabsousa/Dr opbox/PhD Lab/###PROJECTSt##/Micoi dDynamni cs/Micoi d

Dynam cs/MicDynami cs/MBDat a. csv", "CSV'];

Experi nment al Dat aC,
Experi nment al Dat aC[[1]] = Del et e [Experi ment al DataC[[1]], 11;
Experi ment al Dat aC[[2]] = Del et e [Experi ment al Dat aC[[2]], 11;
Experi ment al Dat aC[[3]] = Del et e [Experi ment al Dat aC[[3]1], 11;
Experi ment al Dat aC[[4]] = Del et e [Experi nment al Dat aC[[4]], 11;
Experi ment al Dat aC[[5]] = Del et e [Experi nent al Dat aC[ [5]], 11;
Experi ment al Dat aC[[6]] = Del et e [Experi nent al DataC[[6]], 11;

sU=4.3%10"-8;

sUte=4%10"-7;

sfacG ow hl npAnc = 1. 0265; (xAncestral -> I nproved Ancestral )

sfacG owt hMuc = 0. 95; (*xAncestral -> Micoi dx)

sfacG ow hl npMuc = 1. 04; («*Mucoid -> | nproved Micoi dx)

sfacPredMuc = 0. 877; (xAncestral -> Micoi dx)

sfacG ow hSecl npMuc = 0. 945; (x|l nproved Micoid -> | nproved Micoi d2x)
sfacG ow hSecl npAnc = 1. 0475; (=l nprovedAncestral -> |Inproved Ancestral 2x)

r121C = Evol veFuncti onM3[sU, sUte, sfacG owt hl npAnc, sfacG owt hMic,
sfacG ow hl mpMuc, sfacG owt hSecl npMuc, sfacG ow hSecl npAnc, sfacPredMic];

Pl ot Functi on[Experi nental DataC, r121C]
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(*L1 NE D«)
Experi nent al Dat aD = | nport [

" /Users/j or geabsousa/Dr opbox/PhD Lab/###PROJECTSt##/Micoi dDynamni cs/Micoi d

Dynam cs/MicDynami cs/MdDat a. csv", "CSV'];

Experi ment al Dat aD;
Experi nment al Dat aD[[1]] = Del et e [Experi ment al Dat aD[[1]], 11;
Experi ment al Dat aD[[2]] = Del et e [Experi ment al Dat aD[[2]], 11;
Experi ment al Dat aD[[3]] = Del et e [Experi ment al Dat aD[[3]1], 11;
Experi ment al Dat aD[[4]] = Del et e [Experi ment al Dat aD[[4]], 11;
Experi ment al Dat aD[[5]] = Del et e [Experi nent al Dat aD[ [5]1], 11;
Experi ment al Dat aD[[6]] = Del et e [Experi nent al Dat aD[ [6]], 11;

U=1%107-8; Ue=10%10~-7; Uelon=5%10"-7; exciseLon=2%10"-5;

(*Ancestral -> Inproved Ancestral )
facGow hl A=1.048; (xMore grow hx)
(xPredation sane as ancstral *)

(*Ancestral -> First Micoid (yrfF)x)
facG owt hFirst Muc = 0. 956; (xLess growt hx)
facPredati onFirstMic = 0. 864; (xLess predateds)

(xFirst Mucoid (yrfF) -> Lon Mucoid (yrfF + lon)x)
facG owt hLonMuc = 0. 905; (xMuch | ess grow hx)
facPredati onLonMic = 0.79; (xMich | ess predateds)

(*l mproved Ancestral -> |Inproved Ancestral 2x)
facG owt hSecl npAnc = 1. 035; (xMore grow hx)

(xLon Mucoid (yrfF + lon)-> Inproved Lon Miucoid (yrfF + lon + yiaWx)
facG owt hl nprovedLon = 1. 032; (xMore growt hx)
(xpredation sane as | onx)

(%l nproved Lon Mucoid (yrfF + lon) OR First Micoid (yrfF)->
| rproved Mucoid (yrfF + yiaWx)

facG owt hl mprovedMuc = 1. ;

(xMore gromh (relative to yrfF or yrfF + lon + yi aW)

facPredati onl nprovedMic = 0. 8825;

(xMbre predated (relative to yrfF + lon + yi aWx)

r121D = Evol veFuncti onMA[U, U e, Utel on,
exci seLon, facG owt hl A, facG ow hFi rst Muc, facG owt hLonMic,
facG owt hl nprovedLon, facG owt hl nprovedMuc, facG ow hSecl npAnc,
facPredati onFirstMic, facPredati onLonMic, facPredationl nprovedMic];

Pl ot Functi on[Experi nent al Dat aD, r121D]
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(*L1 NE Ex)
Experi nent al Dat aE = | nport [

" /Users/j or geabsousa/Dr opbox/PhD Lab/###PROJECTSt##/Micoi dDynamni cs/Micoi d

Dynam cs/MicDynami cs/MbDat a. csv", "CSV'];

Experi ment al Dat aE;
Experi nmental DataE[[1]] = Del et e [Experi mental DataE[[1]], 11;
Experi ment al Dat aE[[2]] = Del et e [Experi ment al Dat aE[[2]], 11;
Experi ment al Dat aE[[3]] = Del et e [Experi ment al Dat aE[[3]1], 11;
Experi ment al Dat aE[[4]] = Del et e [Experi ment al Dat aE[[4]], 11;
Experi ment al Dat aE[[5]] = Del et e [Experi nent al Dat aE[ [5]], 11;
Experiment al Dat aE[[6]] = Del et e [Experi nent al DataE[[6]], 11;

(*Test function with paranetersx)

sU=4.3%10"-8;

sUte = 6.94941 » 10~ -7;

sfacGrow hl = 0. 94816; (*Ancestral -> Micoi dx)

sfacGowm h2 = 1. 02; (xAncestral -> Inproved Ancestral x)

sfacGowm h3 =1.; (x*Miucoid -> | nproved Micoi dx)

sfacGrowm h4 = 1. 058; (=l nproved Ancestral -> Inproved Ancestral 2x)
sfacPredl = 0. 8858; (xAncestral -> Micoi dx)

sfacPred3 = 0.8725; (xMucoid -> I nproved Micoi dx)

r121E = Evol veFuncti onMb[sU, sUte, sfacG ow hl,
sfacGrowt h2, sfacG owt h3, sfacG owt h4, sfacPredl, sfacPred3]y;

Pl ot Functi on[Experi nent al Datag, r121E]

(xL1I NE Fx)
Experi nment al Dat aF = | nport [

" /Users/j orgeabsousa/Dr opbox/PhD Lab/###PRQIECTSH##/Micoi dDynani cs/Micoi d

Dynami cs/MicDynani cs/MsDat a. csv", "CSV'];

Experi ment al Dat aF;
Experimental DataF[[1]] = Del et e[Experi nental DataF[[1]], 11;
Experi ment al Dat aF[[2]] = Del et e [Experi nental DataF[[2]], 11;
Experi ment al Dat aF[[3]] = Del et e[Experi nental DataF[[3]], 11;
Experimental DataF[[4]] = Del et e[Experi nental DataF[[4]], 11;
Experimental DataF[[5]] = Del et e[Experi nental DataF[[5]], 11;
Experimental DataF[[6]] = Del et e[Experi nental DataF[[6]1], 11;

(xTest function with paranetersx)
sU=30%10"-8;
sUte =4%10"-7;
sfacG owt hl mpAnc = 1. 032; (xAncestral -> Inproved Ancestral %)
sfacG owm hMuc = 0. 946; (xAncestral -> Micoi dx)
sfacG owt hl mpMuc = 1. 0225; (xMucoid -> | nproved Micoi dx)
sfacPredMuc = 0. 872; (xAncestral -> Micoi dx)
r121F = Evol veFuncti onMs [sU, sUt e, sfacG owt hl npAnc,
sfacG owt hMuc, sfacG owt hl npMuc, sfacPredMicl;

Pl ot Functi on[Experi nent al Dat aF, r121F]
(*JO NT DYNAM CSx)

Needs [" Pl ot Legends™ " ]
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Joi nPl ot Functi onFul | [Exper Dat aA_, ExperDat aB_,
Exper Dat aC_, Exper DataD , Exper Dat aE , ExperDataF_, SinDataA ,
SinDataB , SimDataC_, SinDataD , SinDataE , SinDataF_]:=Table[{

days = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

Li st Li nePl ot [{

(xTabl e[ {days[[i 1], ExperDataA[[311[[i11}, {i, 1, 1731,
Tabl e[{days[[i]1], ExperDataB[[31][[i 11}, {i, 1, 1731,
Tabl e[{days[[i ]], ExperDataC[[3]1][[i 11}, {i, 1, 1731,
Tabl e[{days[[i ]], ExperDataD[[31][[i 11}, {i, 1, 1731,
Tabl e[{days[[i ]], ExperDataE[[3]1][[i 11}, {i, 1, 1731,
1,

Tabl e[{days[[i ]], ExperDataF[[3]1][[i 11}, {i, 17311, =)
Tabl e[{days[[i]], SinDataA[[2]]1[[i 11}, (i, 1, 17}1,
Tabl e[{days[[i]], SinDataB[[2]]1[[i 11}, (i, 1, 1731,
Tabl e[{days[[i]], SinDataC[[2]]1[[i 11}, (i, 1, 1731,
Tabl e[{days[[i]], SinDataD[[2]]1[[i 11}, (i, 1, 17}1,
Tabl e[{days[[i]], SimDataE[[2]]1[[i11}, {i, 1, 17}1,
Tabl e[{days[[i]1], SimDataF[[2]]1[[i 11}, {i, 1, 17}]

3
(xMesh->Ful | , Pl ot Styl e->{{Bl ack, Dashed}, Bl ack, {Red, Dashed}, Red}, *)
(xMesh->Ful |, Pl ot Styl e->{Bl ack, Red, G ay, Geen, Purple,
Yel | ow, {Bl ack, Dashed}, {Red, Dashed}, {Gray, Dashed},
{Green, Dashed}, {Purple, Dashed}, {Yellow, Dashed}}, *)
Pl ot Styl e -> {Bl ack, Bl ack, Black, Black, Black, Black},
Pl ot Markers -> {Automatic, Large}, PlotRange -> {{0, 31}, {-0.02, 1.02}},
Frame -> {{True, Fal se}, {True, Fal se}},
FrameLabel -> {"Days", "Frequency"},
FrameTi cks -> {Table[i, {i, 0, 30, 2}], Tablef[i, {i, 0, 1, 0.1}1},
FrameStyl e -> {{Thi ck, Thick}, {Thick, Thick}}, BaseStyle ->
{FontFam |y ->"Arial", Bold, FontSize->25}, |mageSize -> 1000,
Pl ot Legend -> {

Style["M", 30, FontFamly ->"Arial", Font Wi ght ->"Bold"],
Style["mM", 30, FontFamly ->"Arial", FontWight ->"Bold"],
Style["M3", 30, FontFamly ->"Arial", Font Wei ght -> "Bol d"],
Style["M4", 30, FontFanmily ->"Arial", Font Wi ght -> "Bol d"],
Style["M", 30, FontFam |y ->"Arial", Font Wi ght ->"Bol d"]

1

Style["M", 30, FontFam |y ->"Arial", Font Wi ght ->"Bol d"
LegendPosition -> {1.1, -0.4}, LegendShadow -> None,
LegendBor der -> None, Pl ot Markers -> Automati c]

Joi nPl ot Functi onFul | [Experi nment al Dat aA, Experi nent al Dat aB,
Experi ment al Dat aC, Experi ment al Dat aD, Experi ment al Dat aF,
Experi ment al Dat aF, r121A, r121B, r121C, r 121D, r121E, r121F]
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Joi nPl ot Funct i onSepar at e [Exper Dat aA_, Exper Dat aB_,
Exper Dat aC_, ExperDat aD_, Exper Dat aE_, ExperDataF_, Si nDataA ,
SinDataB , SinDataC , SinDataD , SinDataE , SinDataF_]:=Table[{

days = {0, 2, 4, 5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 28, 30};

Li st Li nePl ot [{

Tabl e[{days[[i 1], ExperDataA[[3]1[[i 11}, {i., 1, 173},
Tabl e[{days[[i]], ExperDataB[[3]]1[[i 1]}, (i, 1, 1731,
Tabl e[{days[[i]], ExperDataC[[3]1]1[[i11}, {i, 1, 17}1,

Tabl e[{days[[i]], SinDataA[[2]]1[[i 11}, (i, 1, 17}1,
Tabl e[{days[[i]], SinDataB[[2]]1[[i 11}, (i, 1, 17}1,
Tabl e[{days[[i]], SinDataC[[2]]1[[i 11}, (i, 1, 17}]
b
(xMesh->Ful | , Pl ot Styl e->{{Bl ack, Dashed}, Bl ack, {Red, Dashed}, Red}, *)
(*Mesh->Ful |, Pl ot Styl e->
{Bl ack, Red, Gray, {Black, Dashed}, {Red, Dashed}, {Gay, Dashed}}, %)
Mesh -> Ful |, PlotStyle -> Automati c,
Pl ot Markers -> {Automati c, Medi umy,
Pl ot Range -> {{0, 31}, {-0.02, 1.02}}, Frane ->
{{True, Fal se}, {True, Fal se}}, FraneLabel -> {"Days", "Frequency"},
FrameTi cks -> {Table[i, {i, 0, 30, 2}], Table[i, {i, 0, 1, 0.1}1},
FrameStyl e -> {{Thi ck, Thi ck}, {Thick, Thick}},
BaseStyl e -> {Bol d, FontSize -> 18}, |InmageSi ze -> 500],

Li st Li nePl ot [{

Tabl e[{days[[i]], ExperDataD[[311[[i 11}, (i, 1, 1731,
Tabl e[{days[[i]], ExperDataE[[3]]1[[i 11}, (i, 1, 1731,
Tabl e[{days[[i]], ExperDataF[[3]]1[[i 11}, (i, 1, 1731,

Tabl e[{days[[i]], SimDataD[[2]]1[[i]11}, {i, 1, 17}1,
Tabl e[{days[[i]], SinDataE[[2]]1[[i 11}, (i, 1, 1731,
Tabl e[{days[[i]], SinDataF[[2]]1[[i 11}, (i, 1, 17}]
b
(*Mesh->Ful |, Pl ot Styl e->{{Bl ack, Dashed}, Bl ack, {Red, Dashed}, Red}, %)
Mesh -> Ful |, PlotStyle ->
{Bl ack, Red, Gray, {Black, Dashed}, {Red, Dashed}, {Gay, Dashed}},
Pl ot Markers -> {Automati c, Medium}, PlotRange -> {{0, 31}, {-0.02, 1.02}},
Frame -> {{True, Fal se}, {True, Fal se}},
FrameLabel -> {"Days", "Frequency"},
FrameTi cks -> {Table[i, {i, 0, 30, 2}], Table[i, {i, 0, 1, 0.1}1},
FrameStyl e -> {{Thi ck, Thick}, {Thick, Thick}},
BaseStyl e -> {Bol d, FontSi ze -> 18}, |nmageSi ze -> 500]

L

Joi nPl ot Functi onSepar at e[Experi nent al Dat aA, Experi nent al Dat aB,
Experi ment al Dat aC, Experi nent al Dat aD, Experi ment al Dat aF,
Experi ment al Dat aF, r121A, r121B, r121C, r121D, r121E, r 121F]



