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1 Detailed analysis of the positively autoregulated gene model

1.1 ODE model of the positive autoregulation system

By combining the ODEs of the chromatin modification circuit Main Text: Eqgs (3) with those of
gene expression Main Text: Eq (8) and defining X := n*X /Do, we obtain the ODE model of the

positive autoregulation system:

DF = (@l + o (DF + D)) D + p(be + ¢ DYDE — (ull + (D + D) + a(DF + DI))DE
— ' (Be + € D*)Df
DE = (@% + a(DE + D) + a(DF + DE))D + 4/ (Be + ¢ DYYDE — (uf + o/ (DE + D)) DE
— ju(be + € DY) DE (1)
DI = (ull + o (DF + DE)DE + (uf}y + a(DE + DE) + a(DF + DE))DE
— (i (Be+ € D) + p(be + € D*)) Df
DA = (u + v + DYD — (e + € (DE + DR) + ¢ (DE + DE)) D4
X =a,D" — 7, X,
in which D = (1 — DIt — DF — DE — D4). Here, we let u4 = 44X with @ a constant defined in
Eq (84) in S1 File.



1.2 Qualitative understanding of the impact of the positive autoregulation

If we multiply both sides of the ODEs in (1) by Di(kf;Diot), system (1) can be rewritten in a
dimensional way:
= (ko + kiy + ky (DR + DEVYD + (5 + kR + kEDA)DE,

o+ ks (DS + Df) + kar(Df + DfY) + 6 + kp + kf D*)Df!

20+ kb + ki (DE + DE) + kar(DE + DEY)D + (8" + kp + ki DA)DE,

— (Kf
Dy = (ki
— (kv + kyy (DR + DI + 6 + kR + kEDA)DE
= (
—(

_ (2)
Dfy = (kiyo + kar (D§ + Df5)) D + (Ko + kar (DS + Diy) + kas (D + Dfy)) DY

5+ k:T + kDA + 6 + kR + kEDAYDE,

= (kiyo + kiy + k3yD*)D — (6 + ki + k(D5 + D) + k(DY + D1y)) DA
X = amD ¢
in which all the parameters are defined as done for Eqs (79) in S1 File. In particular, k{,‘v = /;;,“VX .
Now, in order to gain a qualitative understanding of the impact of self-activation on the stability
of the system, let us approximate first the reactions involving X are fast and then we can set the
protein dynamics to the QSS (i.e, X = p,D? with p, = a,/v,),the ODEs (2) can be re-written as
follows:
= (kiyo + ki + ky (DE + DEVYD + (5 + k& + kEDA)DE,
— (ko + kar(DE + D) + kpr(DE + DR) + 6" + ky + by DA)DE
DE = (k3o + k¥ + kp(DE + DE) 4 kpy(DE + DE)D + (8" + kyp + kD) DE,
— (Klyo + kar(DF + DE) + 6 + kE + kED)DF (3)
(Kivo + knr(DF + DI))DE + (kfyo + ka(DE + Dfy) + kar (D + Dfy)) DY
— (8 + kp 4+ kD + 6 + kB + kEDA) DL,
= (kfyo + (ki + k) D?)D — (8 + kg + kp(D§ + Dft) + k(D + Diy)) DA,

12_

Comparing these ODEs with the ones related to the chromatin modification circuit alone in Eqs
(79) in S1 File, it is possible to see that the introduction of the positive autoregulation leads to an
increase of the auto-catalysis rate constant of the activating chromatin marks (that is, in the last
ODE, before it was k4, while now it is (kf}, + k4;)). Based on the bifurcation plots realized for
the chromatin modification circuit (Fig K in S1 File), we know that a higher kﬁ can restore the
stability of the active state.

1.3 Derivation of the stationary probability distribution formula for the posi-
tively autoregulated gene

Following the same procedure used to obtain the one-dimensional reduced model for the chromatin
dynamics circuit S1 File: reactions (158) (Section 3.2 in S1 File), we obtain the following chemical



reaction system:

DA kam pr ( (6 + ki + 2B DR (K2 + K2 + ko + kiy + (kar + Far + k) DB) )

kivo + kit + kiy DA + k2o + k&, + ko + ki + (ka + ks + k) ) DE
(5+kR+kRDA)(6 +k +k*DA)Kdzm(k§‘VO+kA +k;‘4DA

DY, “54 DA, kpa = (

with Kdim =

+ R and k{}V = /;:{f‘VpJJDA. Now, in order to derive the

1 1
kiyo+ky DR kiyot+(knm+kar)Dib
formula for the stationary distribution, we introduce z = nf,. Then, since the reactions (4) has
the same form of the ones related to the chromatin modification system (S1 File: reactions (158)),
in which &}, = l;:{j‘[,prA we can use the same formula for m.«1(x) given by Eq (169) in S1 File, in

which we substitute u* with u? = px% Apx(DB’M Then, the stationary probability

distribution under the condition e << 1 can be written as follows:

HLP ifx=0
Te<1(z) = 4 0 if  # 0, Dyot (5)
H—LP if x = Dtot
with
_(Utot+a+a+a Dot 2(71{%2+(04+04+04)DH) , (agh)
(Utor + U px i1 ,U',U/ € D];)c;itot_l)l?z(ugl + (QNLAPI + 1) (D]S)ttm—z)) Mlu,/bﬂeKDmt (ué‘l)’

(6)
in which x = nf, u = ug +alh, afy = ult +ufl) + ull + ufl and K; defined in Eq (161) in S1 File.

1.4 Derivation of time to memory loss formula for the positively autoregulated
gene

Now, let us derive the formula for the time to memory loss of the active gene state, T(]]D tot,

particular, for the Markov chain related to the S1 File: reactions (158) we obtain the formula Eq
(175) in S1 File for 7'(])3 tot . Now, since our current reactions (4) differ from those in S1 File: reactions

(158) by kA = l%{f‘vpm(DtOt — D%) we can directly use the formula for 7'(])3 tot previously computed in

In

k Dyot—DE - Diot—DE
Eq (175) in S1 File and substitute u = ng with u4 kA ggw = uApz%. We
then obtain that T(])D tot can be defined as follows:
Dtot—1 Dtot—1 7 i—1 1
Diot __ Dtot 1 i—1
Ty " = 1+ + I+ = 7
0 zz: T aDtoc 1 ,Lz; Doy —i JZ:; Ty ( )
in which «; and ~; are defined as
(e + 2¢ 5 ) (K + Ko + Ky + Kl + L2Hartha) ;) _
o = A (Dt : Z) ~ ; p (Dtot — Z)
u0+(u pz+1)7° +u2+u20+u1+u10+(a+a+a)DH
~ ¢ 8
(be + € Lro=iy /(e 4 ¢ Q=i oA (K, | Kyp o) )
v = H Dtot Dot Wo Q Pz Q tot ;
T )

u6‘+( px+1)w+u2 +u20+u1 JruloJr(omLonra)Dtot



and 7; = TDot=1 Mot =2Wiot=i  Then, assuming that € # 0, it is possible to notice that, for ¢ < 1,

ODyot —14Dyot —2+-XDyot =3
the dominant term of 70" is the first addend in (7).

- . . k4D - k4D
Then, by normalizing the time to memory loss with respect =M= (TR0t = vt M=), et
in the regime ¢ < 1 can be re-written as follows:

Diot—1

. h (P, it
7—.53tot =Ty~ f2(€p ) (1 + Z 2(pKi1,u:u )) : (9)
=1

in which fo and A} are increasing functions of their arguments, h’(p,,0) = 0, Kf;l are functions
independent of e, ,u,, p and p,, and in which we redefine 7"(1)) ot as T4 to simplify the notation.

2 Detailed analysis of the mutual repression circuit model

2.1 Expressions of the k%, /{:IQA}Z and k{f‘V’e with ( = X, Z

Based on the formula of k{},, ki, and k2, given in Eqs (82) and (83) in S1 File, kijf, kit and ki’
with ¢ = X, Z can be written as follows:

ax ki nX Coax Ky n? Coax kY n?
T Y S Y SRR
ké‘v’Z:l?:V o %ZZQ—ZX - 5&2:@—7}:‘ -
T 1+ 5%+ A% 01+ g%+ 8%
in which we set
Kxx =Kzz =K. (11)
Now, let us define u!, u{” and ug’e as
u = k3 (ki Diot); ui = ki ) (k3 Diot); et = kit / (k3 Deot), (12)

with £ = X, Z. Then, if we assume n* /Q < K and n?/Q < K, udt, ufw and ug’é can be written
as

U/i = ké/nx = k%nx = %X = ~AX' ’U,R7X = kll/l/nz = ]{:Il/VnZ = @Z = 'EL{DLZ
Qkit Dy ki Dior k3, P Qk Dy ki Dy Ky ’
B2 nZ B2 nZ B2 B FAnZ A nZ BA B
ufbX = W TWE W g Rz = WD WE Wz gAz
QkMDtot kMDtot kM QkMDtot kMDtOt kM
1. X 1. X 1. 1. X 1. X 1.
u7 = Rt Rwn Ryg gneorz_ Fwn o Rwnd kv g geg

© Qk{ Dyt kiDiot ki
in which we define X := nX/Dior, Z := n? /Diot, 0 = kit /K4y, aff = ki, /k4, and abf = k2, /K4,

2.2 ODE model of the mutual repression system

The ODEs of the system are obtained by combining the ODEs of the chromatin modification
circuit and those of the gene expression circuit (Main Text: Eqgs (3) and (8), respectively) for each
gene and by properly setting the inputs according to Eqs (13). In particular, we assume equal



parameters for the two chromatin modification circuits, we let X and Z denote the genes’ products,
and indicate the species within each of the corresponding chromatin modification circuits by “X”
and “Z” superscripts, respectively. Furthermore, we define X := nX /Dyot, Z := n? /Dyor. Thus, the
ODE model in terms of non-dimensional variables and non-dimensional parameters can be written
as follows:

DI = (uff + ui™ + o/ (D5 + DIy ) DX + pufbe + ¢ DAX) DY
— (ub + a(D + DEYY + a(DIY + DIEY) + 1 (Be + € DAX) DI

DEX = (uf} 4+ uf + a(DRX + DEYY + a(DY + DEXY)DX + 1 (Be + € DAX)DEX
— (ull + o (DI + DX + ,u(be + ¢ DAXY) DI

DEX = (uf) + o (DRX DENDEX + (ufy + (DX + DEXY + a(DFY + DEX ) DX
—(

pu(be + € DAY 4 1 (Be + € DAX)) DEX
= (uf) u+DAX)D — (e + € (DX + DEXY + € (DFX + DEX)) DAX

DIZ — (W + ol 4+ o/ (DI + DEZ))DZ + u(be + € DAZ)DIY? (14)
(ubl + (DX + DIY?) + a(DI? + DI?) + 1/ (Be + € DA?)) DM
Dy = (ufy +uy»” + (D3 + Di5?) + a(Dy"? + D{s?)) D + i (Be + € D*?) Dys”

N (u{%(] +a (DR’Z + DR’Z) —l—,u(be + €/DA’Z))D§’Z

Di5” = (ufy +a' (D3 + D) D3 + (uff + (D + D7) + a(D* + D7) Df
— (u(be + € DY) + 1 (Be + € D)) DIL?
DAZ _ ( +ud +DAZ)DZ (€+€(D§.,Z+D% )+ (DRZ+DRZ)>DAZ

Z=a.D* —5.7,

in which DX = (1 — DI — DIt~ _ DX _ DAX) and DZ = (1 - DI* — pi# _ pR?Z _ pAZ),
Based on the expression for k‘l,[,e , l-c?,vg and kW given in Eqgs (10), we approximate udt = @40 and,
for i € {1,2}, uf’e = altj, with £,j = X, Z and £ # j (Section (2.1), Egs (11),(13)).

2.3 Deterministic analysis

For this deterministic analysis, we exploit the results obtained for the positive autoregulation circuit
viewed as an input/output system. In fact, the block diagram in Fig 6B makes it explicit that the
mutual repression circuit is the input/output composition of two positively autoregulated genes,
in which the output of one gene, nX or n?, is used as an input to the other gene by increasing
k‘@z or k‘@x, respectively. Defining p, = a,/7, and p, = &, /7., at steady state X = p, D4 and
Z = p.,D?4?. Then for a state of system (14) to be a steady state, the (DA%, DA%) pair must
lie on the intersection of the input/output steady state characteristics of the X gene and of the Z
gene as shown in Fig F. In particular, we assume @f = @& = @' and we consider, for the X gene,
the (ufX, DA’X) input/output steady state characteristic, with ufoX = u?’X = u? X = aZ, that,
at steady state, can be written as u®X = @fip,DAZ. Similarly, for the Z gene, we consider the
RZ PHAZN ; ‘ot : RZ _ B2 _ BZ _ -RY
(u'>*, D) input/output steady state characteristic, with u'"? = u;"” = u;"” = @' X, that, at
steady state, can be written as u/®% = afip, DX Tt is also possible to show that for each of the
intersections shown in Fig F, there is a unique combination of positive values for the remaining



variables such that the system is at steady state. We determined stability of these steady states
numerically by evaluating the eigenvalues of the Jacobian of the system.

In summary, for low p values, the system has a unique stable steady state about the origin. By
increasing p, the system acquires two stable steady states, in which one gene is “on” and the other is
“off”. That is, one equilibrium with DA% > DA% and the other equilibrium with DA% « DA%,
When ¢ is large, also the steady state about the origin is stable, while when ¢ is small, it is not.
Thus, when p is large (high expression rate) and e is small (small basal erasure rate), the system is
tri-stable. When g/ is increased, the system can have four co-existing stable steady states (Fig F).

2.4 Analytical analysis

For this analysis, as we did for the previous system analyzed, we consider the parameter regime
¢ < 1 and we assume that the reactions involving X and Z are fast compared to the other reactions
(that is, considering ¢ = ce/, let us assume 4,7, > e/,e/u,e/ ,u/) so that we can set the protein
dynamics to the QSS (X = p, DA% and Z = p,D*?%). Then, by considering the one-dimensional
approximation of the chromatin dynamics circuit S1 File: reactions (158), we obtain the following
chemical reaction system:

kX ]CX
pAX TAR, D%’X, D%X —E4, DA’X,
(15)
AZ ¥r ~R.Z RZ kha ~AZ
DAz ZAR, pRZ. D% Zha, pAZ

D G ki + 26D ) (o + Klyo + ki + ki + (kg + kg + by ) Di5™) )

i + k™ + R DAY Ky + Ky + kg + g+ (ka + Far + K D15
(6 + KB + kEDAX) (6 + ki + ks DANKE (kivo + ki + ki DAX) >

(/-c;‘m RS RADAX 42 kL 4+ ke k2 4 (kg + B + k) DY

(16)

(6 + kB + ERDAZ) (5 + ki + K DAD)KZ (ki + ki + kit DAZ)
kivo + ki + kg DAZ + Ko + Ko + ky? + kg7 + (e + kg + k) D57 )

(8 + k& + 2kADEY (K2, + klyo + ki + kiZ + (kar + ks + k) DY) )

. i o 1 1 Aji _ TAG Ry A _TA Ry

with Kdim = kxlzvo+k;\4D%i +k‘2;yo+(/fM+7€M)Dﬁ’“ kW = kW pz(Dtot D5 )7 kW kwp:c(Dtot Dy3 )7

k“l/{/l = ki p;j(Dior — D{E’J), krlz/{} = k&p;j(Dior — Dg’]) for i,j = X,Z and ¢ # j. The reduced

system (16) can be represented by a two-dimensional Markov chain in which the state is defined
. R.X R,Z :

as s = (v,w), with v = ny3" and w = nj3”. In particular, v and w can vary between zero and

Dyot. Furthermore, assuming p, = p, (i.e.,the production and degradation rate constants are the

- : o .o LR _ 7l 72 ~A_ ky ~R _ ki
same for protein X and Z) and defining p = p, = p., ki, = kyy + ki, 07 = i and u' = 7, the
M M



transition rates between the states can be written as follows:

’ LR Er, /
(€4 2¢ Dit)(k%/vo + ko kﬁwp(Dtot —w) + Wv)

q(v,w),(v—i—l,w) = A DtOt - U

ug + (a4p + 1) Pei=t) 4 20+u10+uR Dee=) 4 (a+a+a)p

tot

, v J— v 7.A A
plbe + € By (Be+ € Bt R (ki + (0 + ) (Diot - >>)

q ) ) _]-7 = ~ ~ _
L=l = WAy @Ap + 1) Bet=) )+ ol + afpPe=) 4 (o +a+a)

tot Dtot

_ i
(kar+kar+ky,)
X a) gy)

(€ + 2€ b t)(k%VO+kWO+ & M p(Diot — v) +
q ) Yy +1 = - !
(v,w),(v,w+1) u64+( p+1)(Dtot w)+U2O+U10+UR (D]tDot U>+(O{—|—5&+OJ) w

tot Dtot

Dtot - )

~A A
plbe -+ ¢ PRz (Be + ¢ ORI (hibo + (§p + ) (Do — w)

q ) WYy -1) = v !
(i) =) g+ (@4p + 1)) o By B 4 aRp P 4 (o4 a+ o)

Dtot
(17)

. . 72 1
in which K* = u10+a,l + ET(ata)i

for i = v, w, and the rate of leaving the state (v, w) as

Q(v,w) = Q(v,w),('qul,w) + Q(v,w),(vfl,w) + q(v,w),(v,’erl) + Q(v,w),(v,wfl)‘ (18>

The total number of states characterizing the Markov chain is (Dyot + 1)2. Furthermore, let us
introduce the infinitesimal generator of the Markov chain @, that is a matrix whose (r, 1)y, entry,
for 1 < r # 1 < (Dgot + 1)? is the transition rate of going to the state [, starting from the state
r and the (r,7)y, entry is the opposite of the rate of leaving the state r [1]. Then, introducing
7 = [m(0,0),7(0,1),7(0,2), ..., 7(Dtot, Dtot — 1), m(Dxot, Dtot)], the stationary distribution can be
evaluated by solving the system of equations given by

7Q = 0. (19)

For example, the generic 7" equation of the system (19) associated with the state r = (v,w) is
written as follows:

q(v,w)ﬂ'(va w) = Q(v,w),(erl,w)ﬂ'(v -1, ’LU) + Q(v,w),(vfl,w)ﬂ-(v +1, w)

(20)
+ Q(U,w),(v,w+1)7r(v7 w = 1) + q(v,w),(v,w—l)ﬂ—(v¢ w + 1)

Now, let us write explicitly the g, for the four extremal states (0,0), (0, Dtot), (Dsot, 0)(Dsot, Dtot):

PR
(€) (Ko + Ko + 8 P(Diot))

o b
40.0) ud + (@p+ 1) + ull +ul £ afp |
Gop. ) = ( (€) (ko + Kivo) > Dyoe -+ p(be) (Be) KD (kifyy) Dyt
OB = 0l 4 (@hp+ 1) + ull +ul ) 7T \ud ol + ol + @fp+ (a+a+a))
_ (€) (Ko + Kyyro) p(be)p (Be) KD (kifyg)
q(Dmﬁ,O) = A DtOt + A R R ~R _ 7 Dtot
ug + (aAp + 1) + udh + ufh uft +ulh +ull) + afp + (e + a+a)

. (00 B (hhy) 1
(Dt0t7Dt0t) u104+ué%0+u{{0+(a+07+a/) tot -

(21)
Then, if we assume € # 0 and € < 1, looking at the expressions in (21), it is possible to notice
tha’t q(O 0) (0 Dtot) Q(Dt0t70) a’nd q(Dtot,Dtot) are Very Sma‘ll (6(070)76(07])“.';)7 q(Dtotyo)’ q(Dtothot) ~ O)

7



and then, by solving the system of equation in (19), we obtain that 7(s) ~ 0 except for s =

(0,0), (0, Dtot), (Dtot, 0), (Dtot, Diot). Since Zg]itfﬁl)g m(s) = 1, we can conclude that, under the

condition €, 7(0,0) 4+ (0, Dtot ) + m(Dtot, 0) + m(Dsot, Dtot) &~ 1. This implies that, for a sufficiently
small €, the peaks of the distribution are concentrated in the four extremal states and the probability
of finding the state outside of these states approaches zero. Now, let us determine the effect of p on
the distribution: in particular, if we assume a sufficiently high p (p : % < € < 1), it is possible to
notice by comparing the expressions in (21) that G pyo,)s UDeor,0) K 7(0,0)» A(Dror,Deoe) - LN, We can

assume that q(o p,o,)s Dyer,0) & 0- Now, by solving (19) and using the fact that Zgitf“D“’tH)Q 7(s) =

1, we obtain that 7(s) ~ 0 except for s = (0, Diot), (Dtot, 0) and then 7(0, Diot) + m(Diot, 0) = 1.
This implies that, for a sufficiently high p, the peaks of the distribution are concentrated only in
correspondence of the two states (0, Diot) and (Dyot, 0).
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Figure A: Bifurcation plots for different parameter values. Bifurcation plots related to system (1)
with no external inputs (u4 = uft = ul! = 0 and uf® = ) = ull = uy small). For all the plots, solid lines
represent stable steady states, dotted lines represent unstable steady states and the black circle represents
the bifurcation point. In this case we have a saddle-node bifurcation. Furthermore, we set « = & = o =1
and 4, = 1. (A) On the y axis we have D* (green) and D¥ = DI+ DE+ DX (red) and on the x axis we have
,u/ (log scale). We realize several bifurcation plots for different values of € (e = 0.1, 1, 10), different values of
Pz (pe = 0,1,10) and set € =1 and g = 1. (B) On the y axis we have D4 (green) and D = DR+ DE+ DR,
(red) and on the x axis we have p (log scale). We realize several bifurcation plots for different values of e
(e =0.1,1,10), different values of p, (p, =0,1,10) and set € =1land p =1.
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Figure B: How the parameter p, affects the stationary probability distribution for different
values of ¢. The stationary distribution of our system, represented by the circuit in Fig 5A, obtained
computationally. The stationary distributions are obtained by simulating the system of reactions listed in
Table B with the SSA and we indicate with n* the total number of nucleosomes characterized by repressive
chromatin modifications, that is nf* = nft + nl* + nfl. We consider two different cases, € <land € > 1,
and for each case we determine how varying ,u/ and p, affect the stationary probability distribution of the
system. The parameter values of each regime are listed in Table B. In particular, we set ¢ = 0.12, p =1
an/d we consider two values of ¢ (e/ = 10,0.2), three values of p, (p, = 0,0.1,10) and two values of n
(v =1,0.5).
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Figure C: How the parameter p, affects the stationary probability distribution for different
values of p. The stationary distribution of our system, represented by the circuit in Fig 5A, obtained
computationally. The stationary distributions are obtained by simulating the system of reactions listed in
Table I with the SSA and we indicate with n® the total number of nucleosomes characterized by repressive
chromatin modifications, that is n® = nff + nff + nf}. We consider two different cases: in the first one (left
side) we set p = 1 and vary ' (i.e.,u’ = 1,0.5) and in the second one (right side) we set ' = 1 and vary p
(ie,u=1, 0.5). The parameter values of each regime are listed in Table I. In particular, for both cases we
set € =0.12, ¢ =1 and we consider three values of p, (p, =0,0.1,10).
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Figure D: How the positive autoregulation affects the time to memory loss of the active state
for different values of ¢ . We consider ¢ = 0.36, ul = 0.5, u = 1, three different values of ¢ (e/ =04,1,10),
three different values of p, (p, = 0,0.2,5) and we realize several time trajectories of the system starting with
initial conditions n = 45, nf, = 5 and nX = p,n?. Simulations are stopped the first time at which n4 = 6.

A
In all plots, time is normalized according tor = tkﬁMDmt. The parameter values of each panel are listed in
Table C. In each panel, the number of trajectories plotted is 10.
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Figure E: How the key parameters affect the reactivation of repressed state for different values
of €. Time trajectories of system starting from nft = 4504 = 5nX = p,5 and considering an input %4
that leads to a unimodal distribution in correspondence of the active gene state. The parameter values of
each panel are listed in Table J. In particular, we set u* = 1.62, 1 = 1, € = 0.16 and we consider two values
of i (1 =0.4,0.2), two values of p, (p, = 0,10) and three values of € (¢ = 5,1,0.3). In each panel, the
number of trajectories plotted is 10.
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Figure F: Location and stability of the equilibria as p., p., € and ul are changed. Here, p, =p, =p
as indicated and we assume @} = @f = a#. The filled circles represent stable steady states while the open
circles represent unstable steady states. The blue line depicts the (u™%, D4:?) input/output steady state
characteristic for the Z gene, with ufZ = u% = 4% — GRX | that, at steady state, can be written as
uf? = @ftp, DA and the black line represents the (uX, D4X) input/output steady state characteristic
of the X gene, with u/*% = uf’X = uQR’X = @' Z, that, at steady state, can be written as u/*X = @ffp, DA%,
We consider four values of € (e = 100,10,1,0.1), three values of ,u/ (u/ = 10,1,0.1), three values of p
(p=10,1,0.1), we set uy = uly) = uf) = up = 0.1 and all the other parameters are set equal to 1.
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Figure G: How the parameter p, and p, affect the stationary probability distribution for
different values of ¢ . The stationary distribution of our system, represented by the circuit in Fig 6A,
obtained computationally. The stationary distributions are obtained by simulating the system of reactions
listed in Tables K-L with the SSA and we indicate with n+* with £ = X, Z the total number of nucleosomes
in each gene characterized by activating chromatin modifications. In particular, we consider p, = p. (i.e.,the
production and degradation rate constants are the same for protein X and Z) and we define p as p = px = p..
Furthermore, we consider three different cases, € <lande =1lande > 1, and for each case we determine
how decreasing € and increasing p affect the stationary probability distribution of the system. The parameter
values of each regime are listed in Tables K-L. In particular, we set p = 1, ul = 0.6 and we consider three
values of € (¢ = 0.2,1,10), two values of € (¢ = 0.48,0.2) and two values of p (i.e, p = 0, 10).
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Figure H: How the parameter p, and p, affect the stationary probability distribution for
different values of ,ul. The stationary distribution of our system, represented by the circuit in Fig 6A,
obtained computationally. The stationary distributions are obtained by simulating the system of reactions
listed in Tables K-L with the SSA and we indicate with n*¢ with ¢ = X, Z the total number of nucleosomes
in each gene characterized by activating chromatin modifications. In particular, we consider p, = p, (i.e.,the
production and degradation rate constants are the same for protein X and Z) and we define p as p = p, = p,.
Furthermore, we consider two different cases, u' = 0.3 and ,u' = 0.1, and for each case we determine how
decreasing € and increasing p affect the stationary probability distribution of the system. The parameter
values of each regime are listed in Tables K-L. In particular, we set € = 1, p = 1 and we consider two values
of € (¢ =0.48,0.2) and three values of p (i.e, p=0,0.1,10).
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Figure I: How the parameter p, and p, affect the stationary probability distribution. The
stationary distribution of the system obtained by simulating the reactions listed in Tables E-F with the SSA,
in which by n?*¢ with £ = X, Z we denote the number of nucleosomes in each gene with activating histone
modifications. Here, e = 0.48, p, = 0,10, and p, = 0,10. The parameter values of each plot are listed in
Tables E-F. For all simulations we have =1, i’ = 0.6, and ¢ = 1.
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Figure J: Mutual repression circuit enables long-term, yet reconfigurable memory of multiple
gene expression patterns. Time trajectories of nX and n?Z starting from n*¥ = Dy and n*% = 0.

A
Time is still normalized with respect to kﬁMDtot. The reactions and parameter values are listed in Tables
G-H at which we add the reactions () —— i with i = X,Z. The rate constants o% - and af - Q vary as

shown in the Figure. In particular, p = 0.15, ,u/ =06, pu=1, € =lande= 0.3,0.07. In all plots we assume
equal parameters for both chromatin circuits.



4 Tables

It is important to point out that D¢t represents the total number of nucleosomes in a gene. Since we
can assume about one nucleosome per 200 pb [2](Chapter 4) and we can assume that an average gene
spans 10,000-20,000 bp [3], Diot can be considered on average between 50 and 100. In particular,
in our computational analysis we consider D,z = 50.

Param. Value

u! 0.1
ufl 0.1
ull 0.1
uf? 0
ufl 0
a 0.1
a 0.1
o 0.1
€ 0.1
€ 1

b 1
B 1
o 1
,u, 0.7
at 6
A 0.5,1,5
Va 1
DR0O) 0
DAW0) 1
X(0) ==

Table A: Parameter values relative to the plots in Fig 5C.
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R, Reaction Prop.Func.(a;) Param. Value (h™!) Value (h™!) Value (h7')

Fig 5D Fig B Fig B
left plots right plots
1 D+X-5Cy a = EnPnX & 10 10 10
2 G5 D4X ay = dn§ d 10 10 10
ki,
3 D5 DA a3 = kijon? Kivo 3.5 3.5 3.5
4 Ch Mo, pa 4 x ag = kij,on®? ko 3.5 3.5 3.5
5 Ca M payx as = kijn§ ki) 300 300 300
6 D —» D ag = kn? kg 3 3 3
7 DAL ay = on? 5 3 3 3
Ky A A
8§ D+DA ‘*> DA +DA ag = “JnPnd S 1 1 1
9 Cy+DA L DAYDAYLX g = L 1 1 1
10 DA+DR2E, pypr a1 L 1 0.2 10
ki A
11 DA+ DY ~5+ D+ Dfy an L 1 0.2 10
kg A
12 DA4+DF 5D+ DR an L 1 0.2 10
" A
13 DA + DR, £, D+ DR, a3 L 1 0.2 10
14 pHn, DR ay ko 3.5 3.5 3.5
15 Ca ﬂ>D“+X ays = ko 3.5 3.5 3.5
16 DRHD alg = ky 1.5 3, 1.5 3,15
17 DR, D arr 5 1.5 3,15 3,15
18 D+ DR DR +DE ajg = ’}‘; 0.2 0.2 0.2
19 Co+DE L DRYIDELX un 0.2 0.2 0.2
20 D+ DY %‘ D} + DY, ’ Fy 0.2 0.2 0.2
+Dip 1+ Diy a & .
. ;
21 Ca+ D =5 DE4DR+X am = nPuly Ry 0.2 0.2 0.2
kox Ju Te
22 DR + DA 5 D+ DA agy = ’?Z‘ nitnA + 0.5 0.2, 0.1 10, 5
23 D & DE ags = kion? Ko 3.5 3.5 3.5
24 Cp % Ko % DR +X agy = kon® ko 3.5 3.5 3.5
25 D§ H,p azs = kBindt kR 3 3 3
26 DE 25D azs = onf 5 3 3 3
27 D+ D} £, DR 4 DR az = BnPpf ke 0.2 0.2 0.2
28 CpA+DE L DRADRE4X  ags = nPnf Ay 0.2 0.2 0.2
29 D+ DR 4, DR 4 DR agg = BarpDpl  Eu 0.2 0.2 0.2
kat kg
30 Ca+DR =L DRE+DE +X o 0.2 0.2 0.2
k E
31 D+Df =5 DE + D} % 0.2 0.2 0.2
32 Cy+DR £, DR DR 4 X by 0.2 0.2 0.2
33 D+DY 24 DE 4 DY, By 0.2 0.2 0.2
34 Ca+DR 20 D“+DR +X az = kﬁ’n )n{g ky 0.2 0.2 0.2
35 DR+D‘\—->D+DA Lt M 1 0.2 10
36 D % Ko DY, ond? ko 3.5 3.5 3.5
k =
37 DY —> DE azr = kinf, kR 3 3 3
38 DF, SN DR azs = onfh ) 3 3 3
39 DR DR, pR 4 pR agy = Mn” B 0.2 0.2 0.2
40 DR DR M, pR 4 DR o = Sgnltnfy by 0.2 0.2 0.2
41 DR+ DR B, pR 4 DR ag = Rpriefl) By 0.2 0.2 0.2
42 DYDY &0, pR DR ap = Rafinfy, Ry 0.2 0.2 0.2
R R
43 DR+D 2, Ry pA ag = SEnfint EE 1 0.2 10
44 DR M Ko DY agy = kiond ko 3.5 3.5 3.5
Ic . ’
45 DF, -1 DR ags = kpnfy ky L5 3,15 3,15
46 DR DH ags = 0'nf 5 15 3,15 3,15
47 DR 4 DE 0, DR, 4 DB agy = S nEOED kb 0.2 0.2 0.2
Kay Ky Ky,
48 DR +DR f» DY, + DY, ass = “Hnfnly AL 0.2 0.2 0.2
ki /.
49 DR +DA L, DRy DA az = nlint s 0.5 0.2,0.1 10,5
50 D" %, DA 4 X asp = agnd a, 0,0.1, 10 0,0.1, 10 0,0.1, 10
51 - —0 as) = yen~ Y 1 1 1
52 CA L>D+X asp = on? s 3 3 3

Table B: Reactions and parameter values used to generate the plots in Figs 5D and B.
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R; Reaction Prop.Func.(a;) Param. Value (h7!)
1 D+XL>CA a; = Qnan % 10
2 Oy D+X as = dnf§ d 10
ki,
3 D% DA az = kilyyn” Eito 5
ki)
4 Cy Y% DA4X as = kiy,on” Eibo 5
5 Ca l> DA +X a5 = kiyn§ kY, 50
6 DA *> D ag = kpn? ks 9
7 DA a7 = ont ) 9
ki, A A
8 D+DA M, pAypA ag = HinPpA s 1
A KA A koA k)
9 Ca+D? == DA+ DA+ X a9 = Hnfn & 1
ki A A
10 D*+Df =5 D+ Df a0 = %n nft L} 04, 1, 10
i .
11 DY+ D =5 D+ D an = Ak, ke 04, 1, 10
k A
12 DA+DE —5 D+ Dff a1y = T§7 nf L} 04, 1, 10
k A
13 DA+Df —5 D+ D ag = Enink K 0.4,1,10
14 D % D} ayy = kiyon? Ko 5
15 Ca Fvo DR +X ajs = kll,w)nD k‘lyo 5
16 DY 73D are = kynlt kp 4.5
17 DR L> D arr = o'l 5 45
18 D+DR DR+DR ajs = %n”n;’ ]}# 0.2
19 Co+DE L DRADELX  ag = "yl 0.2
K, ! !
20 D+DE 24, DRy DR az = k—g’l{nDn% kb 0.2
K, ;
21 Ca+ D, =5 DF 4+ DR +X an = ’“51 nPply A 0.2
22 DE4+DA M, pipA ap = it 02,05, 5
k2,
23 D% DR agg = ko’ k2o 5
24 Cp Hro % DR+ X ayy = kyon? ko 5
25 D§ b ass = kfnf kR 9
26 D} 5D asg = onf 5 9
27 D+ DR ks DR + DR agy = k” nDnR % 0.2
28 Cp+DEMLDE4DE+X  ag = %'nan Lita 0.2
29 D+DF 24 Kt D& 4+ DY, azg = "‘#nDn% % 0.2
30 Cao+DR L DRLDR +X ag = Mnlnf, A 0.2
31 D+DE AL pE 4 DR ap = fgPnfl Ay 0.2
32 Co+DF L DE4DR+X  ap= BgnPnft Ay 0.2
33 D+DR 2, DRy DR ags = BunPpf,  Eu 0.2
30 Ca+DB L DR DR+ X ag = nPnll, 0.2
R R
35 DR4+DA M pipa ags = Enfint ke 0.4, 1, 10
k2,
36 DR % DR asg = konf k2o 5
kB _ _
37 DF, £, DR azr = kEnf kR 9
38 DI SLEN DR ass = onfy 3 9
39 DR D o, DY, + D} asg = ynfinf By 0.2
10 DR 4D M, D{g +DB ap = Banfinf, B 0.2
R(pR_ 3
41 DR+ DR, DR 4 DR ap = Rtk 0.2
42 DR+Dp B0 D{g +DB ap = Bafnf, B 0.2
R R
43 DR+ pA L2, pR 4 pA asy = SEnfind k2 0.4,1,10
44 D o DE, as = klyon¥ Eivo 5
k', ' ’
45 D, - DR ass = kpnlh ko 4.5
46 DR 2 DR ags = 6k 5 45
S
47 DE+DR Loy . M, DR, 4 DR agy = Smdg ke 0.2
48 DE+DE ™ DR 4 DR a = Apfinf, A 0.2
k,l* . ,/*
49 DR 4+ DA 2L, DR 4 DA as = it 0.2
50 DA 2, DA X aso = azn? a, 0,02, 5
51 20 a5 = Yn® Vo 1
52 CA 2D+x asy = ont ) 9

Table C: Reactions and parameter values used to generate the plots in Fig D. Further-

A R *
more, these (with kﬁE =1, kﬁE =1 and I%T = 1,0.5) are also the parameter values used for the

simulations in Fig HE.
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R; Reaction Prop.Func.(a;) Param. Value (h7!)
1 D+X 25 Cy a) = *VLDILX & 10

2 0y D+X ay = dn§ d 10

3 D M DA az = k{bn” Ky 5

4 oy M pagx ay = kiyon” ki 5

5 Ca M, pagx as = k(},n?{ kil 300

6 DA —> D kg 10, 0.5
7 DAL, D 5 10, 0.5
s DDA DA+DA by 1

9 Cy+DA L, pALpALX ki 1

10 DA+DRE, by DR a = Entnf 2 1

11 DA+l £ pph an = Enank k2 1

12 DA+ DR i}D‘FDE{ a2 = %’én*‘n{"' % 1

13 DA + DR, Mpy DY, a3 = %n“‘nﬁ % 1

14 D S0, pR au = Kygn® Mvo 5

15 Ca Mo W0, DR+ X a1s = kjyon” kivo 5

16 D} —T> D aie = kypnit ko 1, 0.05
17 DR, D ay7 = &'l 5 1, 0.05
18 D+ D} i, 5 DI+ D} as = nPnf 0.2

19 Ca+ DR DE+DR+X a9 = %n%ﬁ ’}# 0.2

20 D+DF L DI + DR, asy = %nnnﬁ l}/# 0.2

21 Ca+DY LN DR +DR}+ X az = %n”n{g ’}# 0.2

22 DDA T, p DA an=Enfnt K 0.1

23 D k% D} azs = k3ygn® Ko, 5

24 Ca % DF+X azy = ki nP ko 5

25 DF M, p ass = kEnf kR 10, 0.5
26 DR} 5D s = onk b 10, 0.5
27 D+ D 24, pR 4 DR agr = BpPpl b 0.2

28 Ca+DF =5 Far D} + DR+ X axs = EnPnl Eu 0.2

20 D+ DE, £, DR 4 DR agg = BpPpf, ke 0.2

30 Ca+DRh S5 DR4DR X agp = Sunlpf,  Eu 0.2

31 D+DR A, D§ +DE as = MinPpft Ry 0.2

32 Co+DRELDR4DRAX gy = EupPpf  Ey 0.2
33 D+DE 25 DR 4 DR ags = BpPpf, By 0.2

34 Cp+DB % DE+DR +X  agy = Enlnly,  Eu 0.2

35 DF DA £, pypA ags = pfpa K 1

36 DR o pp ass = k3ygnf Ko, 5

37 D £, pr azr = KBnll kB 10, 0.5
38 DR, DR ags = onf, 5 10, 0.5
39 DR DR M, ¥ D} + DB ago = Munfinf b 0.2

40 DR4DR M, DR 4 DR ago = Snfnly, 0.2

41 DR DR B, pR 4 pR ay = Bt Ry 0.2

42 DR +DR ﬂ) DY + DY, agy = %”1 ndh % 0.2

43 D{{z + DA —) D{l +DA ag3 = %n{gn/l %1’? 1

44 DR % DR, ay = kjyons Ko 5

45 D k’—ﬁ D& ass = Kyl K, 1,005
46 DR AN DR age = &' nld, 5 1, 0.05
47 DE+DF 2, DR 4 DR ar = Ky nECESD Ky 0.2

48 D2 +Dl L> D +D12 asg = Kag nf’nﬁ k;# 0.2

19 DR+ DA L, Ry pa ay = "Q nlzn*‘ K 0.2

50 DA Ly DA+ X aso = azn? Qy 1

51 X —=10 a5 = yn® Ve 1

52 Ca L D+X asy = onA b 10, 0.5

Table D: Reactions and parameter values used to generate the plots in Fig 5F.
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R; Reaction Prop.Func.(a;) Param. Value (h™!) Value (h7!)

Fig 6C Fig I

L, Di4+i—5Ci ay, = &nlin! & 10 10
2,  Ci L5 Di4i as, = dn§" d 10 10
3; Di+j—s CiR as;, = %71’3"%-7 & 10 10
4 Ch -4 Di+j as, = dn$’ d 10 10
5 D ’“”A”—Aﬁ DA as, = kit ynP? ko 3.5 3.5
6, Ci k:‘—% DA 44 as, = kiton$" Eibo 3.5 35
7. Ch o, pAi ar, = konSt kb, 35 3.5
8 Ci Kb, pai as, = kitn§' ki) 300 300
9; DA M, pi ag, = kan?? Kk 12,5 12
10, DA 2, i ag, = dn § 12, 5 12
11; Di4 DA K, pai 4 an, = %’f”nD'inAﬂ %’\3 1 1
12, O+ DM 0 AT AT Ly gy = B Gipad 1 1
13; CiR + DA % DM 4 DA ) arg, = %ng'in’q*i %‘} 1 1
14, DM DR FE, iy pRi ayy, = EnAinfi A 1 1
15; DA 4 D%i & D'+ D%’i as; = %gnA*in{gi % 1 1
16, DA DR M, iy pi aye, = EnAinfi M 1 1
17; DM+ Dll)”éi i> D'+ D%’i a7, = %n;”inﬁ‘i’ % 1 1
18, Dt D ars; = kipon?t ko 3.5 3.5
19, i, Ao, pRi ato, = klyonS' Ky 3.5 3.5
20; Ch Hivo, DI 4 aso, = klyon%’ ko 3.5 3.5
21; Ch By, pRi y am; = kyn%' Ky 300 300
22, DR 7, py ass, = k! ke 7.2, 3 7.2
23, DR %, pyi ags; = 0'nf § 72,3 7.2
24; D'+ D LN DY 4 DI P ’};ﬂnD»in?" % 0.2 0.2
25, Ch + DM B, pRi pRi Ly g, = %ngmfl % 0.2 0.2
26, C + DB B, DRI DRI ’%nﬁn? % 0.2 0.2
27, DI+ DN o, D 4 DI asz, = ’%nD»inf; % 0.2 0.2
28; Ch + DY LN DY DY i ass, = %ngzn{y ’féy 0.2 0.2
20, O, + D B pRi g pRI G0 = %ngnﬁ % 0.2 0.2
30, DM DAl L, pig pad a0, = Snfinai K 0.6 0.6
31, Di H, Dy az1, = kZonPt Ky 3.5 35
32, i, Mo, pi ags, = KonS ko 3.5 3.5
33 O o, pRi 5 azs, = Kon%' kg 35 3.5
34; Ch K, pRi ags; = kZn$’ k2, 300 300
35, D i azs; = kEnl ER 12,5 12
36, DR s Di age, = ok 5 12,5 12
37, Di+4 DM M, pliy phti ag, = EpDinfi ky 0.2 0.2
38 Cl + DR B, DRI DR 4 j gge = B Giplti by 0.2 0.2
39; iA + Dg’i % Dg’i + Dg’i +1i azy, = %ni’inf’i % 0.2 0.2
40; Di+DY M, pliy pii asg, = MunDinli ky 0.2 0.2
41; Ch+DR B, DRI DRI L5 gy = B Gl by 0.2 0.2
42, O, + DR B, pRiy phiyy g, = BapCipfi by 0.2 0.2
43, D' 4D Fary pRi L pRi ags, = SunDinft Fu 0.2 0.2
44; Ch+ DRy pRiL DRI G g = BupCipRi Ey 0.2 0.2

Table E: Reactions and parameter values used to generate the plots in Fig 6C and Fig
I, with ¢,j = X, Z and 7 # j.



R; Reaction Prop.Func.(az) Param. Value (h™!) Value (h7!)

Fig 6C Fig T
45, Ci +DM LD DRIy g5 = B Gipftt Ry 0.2 0.2
46, Di+4 DY M, piti g pRi asg, = HnPipfi By 0.2 0.2
47 Ch+Dy 25 DF 4D+ aw, = %n%’ng’l B 0.2 0.2
48; Ci +DY —>’““R DY 4D 4 ans, = BnGinfy R 0.2 0.2
i .k . . R . . R
49, DS 4 DA ZE, i DAY az, = SEnfipAi i 1 1
s k2 . .
50; D 2o, pii aso; = kol K 35 3.5
. kR . _ . —
51 D‘f;f =, D‘f‘f as1, = kgnﬁ’ kR 12,5 12
52; DI 2 pii asy, = only’ 5 12,5 12
53, DN 4 DR B, pRiy phi 0 — kg Rip e by 0.2 0.2
54, DM 4 DR B pRIL PRI o = kg R R 0.2 0.2
. . L . . = Ryic Ryi__ T
55, D4+ DI B0 DI L DY agy, = Ryemtu oDk 0.2 0.2
56; Di”' + Dy k—‘;> DR L DR age, = Bunfinft Eu 0.2 0.2
. .k : . kR N . kR
57, DY +IDAA “ELDP DA agp, = SEnfhipdi L/ 1 1
C kL . .
58; Dyt —% DY ass, = klyona” Elvo 35 3.5
Pk i ' R /
59; DI L, piti aso; = kyn'y' Ky 72,3 7.2
60; DI 2 DR ao, = o'ty 5 72,3 7.2
. . . . ! Ry Ri_ /
61; DRI 4 DR L DRI p g = Rame Tl ky 0.2 0.2
. . Ic’ . . s . ; s
62, DY 4+ DY L DY 4Dl ae, = Al N 0.2 0.2
. Lk . . / x . e
63; DI + DA L5 DI 4 DAL agy, = Ynfhn L 0.6 0.6
64; DA 2, DAY 4 agy; = an™ a; 0, 0.1, 10 0, 10
651' i —)’Yl (Z) aes; = %ni Yi 1 1
66; Cl —Di+i ags, = onS! 5 12,5 12
67, Ci 2 Di ] agr, = onS* 5 12,5 12

Table F: Reactions and parameter values used to generate the plots in Fig 6C and in
Fig I, with i,j = X, Z and i # j.
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R, Reaction Prop.Func.(a;) Param. Value (h7!)
1; Di+i-2Ci ay, = &nPint & 10

2; A 4, Diti az, = dng’i d 10

3; Di4+j—2s CiR az, = anD‘inj o 10

4 Ch LD ay, = dnf’ d 10

5, D o, pa as, = kbon? K, 35

6, Ci %DM 4 ag, = kit oS’ Eiyo 3.5

T Ch Hibo, pai y ar, = kipon%" kibo 3.5

8  Cli DA 4 ag, = kiyn$' ki) 300

9, DM 2, pi ag, = kpn™ k4 17.5, 1.75
10, DAL, pi ato, = oni s 17.5, 1.75
11; D'+ DA & DA 4 DAY aj; = %nl)’in‘"i % 1

12; O + DA, kf” DAW-DAvi +i ap, = %nng ’“Ti;f 1

13, Cl+ DA M, DAL DA L gy = B Gipad B 1

14, DM DM M, iy pii g, = % At kg 1

15, DA+ D%i % Dl + D%’i ais, = ﬁE n znfz % 1

16, DM DR M2, pi DRI g = B R K 1

17, DM DN B D DR gy = Mg A 1

18, Di Mo, ph ais, = Ky Kl 35

19; Ci k”—% DR 4 awg, = KynS' ke 35

20; Ch % DY 4 aso, = k{vongﬂ‘ klvo 3.5

21, Ci MW, DRy j as1, = klyn$' ki 300

22, DM i ass, = k't k) 10.5, 1.05
23, DI 2 pi ags, = 6'nf s 10.5, 1.05
94; Di+ DR L, pRi g phi sy, = ’}y pDinkti % 0.2

25; Ch 4+ DM LT DM 4 DI 4 gy, = ky 2 ‘ngh % 0.2

26, Ci, + DR, k/M DR DR 1 agg, = MnGinfti Ka 0.2

97, Di+DY 0, piiy phi ag, = ’“ﬁanﬂ?nRvi Ky 0.2

28, Cl+ DY S, DR DRI g, = Qf nSinfi Eu 0.2

20, Ol + DY S, DRI DRI LG g = ’“g; nGinfi  Ku 0.2

30, D?’i + DA L) D' + DA azo; = %n{“nA" k;f 0.6

a1; D o, pRi asi, = konP? ki 3.5

32, Cj Hvo, pRi ¢ aze, = k2,onS" k2, 35

33 Ch Hivo, pii | azs, = Kyons' Ky 3.5

34, Ch ’L DR 4 ags, = k3n$? K2, 300

35, DR E, pi azs; = KEnf kB 17.5, 1.75
36, DR L Di age, = onit 5 175, 1.75
37; D' 4 DRi Far DR’i DR’i agy, = %nD’in?’i % 0.2

38, Ci 4+ DN B, pRiy pli gy g0 = BapCipli by 0.2

39; C‘A =+ D?l % DZ T4 DZ Thi azg, = %nilnéh % 0.2

40; DI 4D B, pltiy Dl agp, = Enlinfil by 0.2

41, ciR+D$2‘ far DR‘+D12 4 an, = BaGipfi by 0.2

42, Ci + DN B pli pliy g, = kGl by 0.2

43, D1+D§“ B, piti 4 it ass, = MupDipfi Ey 0.2

44; Cj+ DM B, DR DRI g = EupCiphi by 0.2

Table G: Reactions and parameter values used to generate the plots in Fig 6D, with
i,j = X,Z and ¢ # j. These reactions and parameter values (with kA k‘E =0 =
1.75,7.5h~ 1 and k:i[, =4 = 1.05,4.5h71) are used also for simulations in Fig J.
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R; Reaction Prop.Func.(a) Param. Value (h™!)
45, Cy+ DM B pRiL R g Bag Qi R B 0.2
46, D'+ DR B, piy pRi as, = BrpDinfi Ry 0.2
47; CiRﬁLD{{Z1 by DR]+D12 +j oy, = 7(‘21 gl”RZ % 0-2
48, C, + DY ’“—”}: DR 4 DR i agg, = BnGinfl Eu 0.2
. R
49; DRJ DA i ki Dl + DA,l agy, = kijzjrb S0 A i % 1
50; D W0, il DR aso, = k&nt = 3.5
51 DR‘ K DY asy, = kfEnfy kR 17.5, 1.75
52 D{‘; D ase, = onts! b} 17.5, 1.75
53; D 4 DM o, DY 4 DM g, = BapRipli hu 0.2
54; DRl DYy A, pli JrDi1 asa;, = k&’n?%? Eu 0.2
k 4 k
55, D4 DR 2, pRiL pRi g — kg;w 3 0.2
56; D;h + D;{zl k_>M D?zl + D?zl ase;, = kéI ”Rl”{{zz % 0.2
i . kB i . R
57 DIy 4 DML DDA g = Rl
58, DR Mo, pRi ass; = klyona” Ko 3.5
R,i I‘T R,i ’
59, Dyt = DY asg, = kpn ki 10.5, 1.05
60, D& 2 DR‘ ago, = 6ty 5 105, 1.05
’ Ry, Ryi_ ’
61, DN+ DR Sy pRiLpRi g o kgD by 0.2
k / . . /
62i Dy + Dy D{‘; +DY ag, = Maltnly b 0.2
63 DIy + DAL DRIL DAL ggy = EpR A 2 0.6
64; DA‘ &, DA 4 ags; = aint i 0.15
65, i—— .@ ags; = yin' Vi 1
66; Cy D' +i ags, = onG’ § 17.5, 1.75
67, Ci —25 Dit] agr, = on' 5 175, 1.75

Table H: Reactions and parameter values used to generate the plots in Fig 6D, with
i,j = X,Z and i # j. These reactions and parameter values (with k:g = k:g =0 =
1.75,7.5h ! and k:/T =4 = 1.05,4.5h~1) are used also for simulations in Fig J.
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R; Reaction Prop.Func.(a;) Param. Value (h™') Value (h7})
left plots right plots

1 D+X -5 Cy a; = *HDILX & 10 10

2 0y D+X ay = dn§ d 10 10

3 Do, pa ag = kijon” ko 3.5 3.5

4 Cy M pa g x 1y = kfhgn® Ko 35 35

5 Ca ki, pa 4 x as = kiynG ki, 300 300

6 DAYEp ag = kint kg 3 3

7 DA L» D ar = on 5 3 3

8 D+ DA DA +DA ag = mnDnA %’ 1 1

9 Ca+DA L DALDALY o= HiaGnr 1 1

10 DA +DR —> D+ D} ajp = %rLAn‘F % 1 1

11 DA+ DY i) D+D} a; = %’énAn‘lq? % 1 1

12 DA4DF %, DR app = Entnf A 1 1

13 DA +DY, iDJrD{g a3 = ‘;—?n%ﬁ % 1 1

14 D '”“—% DR 14 = KlygnP Ky 35 35

15y Mo % DR+ X a5 = kiyon? o 3.5 3.5

16 DF Frp ag = kpnft ko 3,15 3

17 D} L D a7 = &'nft o 3,15 3

18 D+ DE 22, DR 4 DE ms = BenPnl 0.2 0.2

19 Cao+D§ LN DEIDE+X  ag = nPnf 0.2 0.2

20 D+DY 0, DR pR am = SunPnly 0.2 0.2

21 Ca DB G DR DR £ X ay = SenPnl, 0.2 0.2

22 DR+DA M, pypA am = Kafinh K 1,05 1

23 D kiz% DE azs = Kyon® K,y 35 35

24 Oy M DE 4 X s = KygnP Ko 35 3.5

25 DR} —> D ags = kBnft kR 3 3,15

26 DF 4D ase = onf 5 3 3

27 D+ DR 24, DR 4 DR agr = BnPnf  u 0.2 0.2

28 Ca+DF DL DRADE4X g = BnPnfl  ka 0.2 0.2

20 D+ DR £, pR 4 DR asg = BnPnf,  hu 0.2 02

30 CA+D12L>D§+D +X ago = Eunlpk,  ku 0.2 0.2

31 D+ DR, DRy DR as = BnlPpft By 0.2 0.2

32 Co+DR L DEYDRAX  ay = Eaplpf  Ey 0.2 0.2

33 D+DR 25 R4 DR ags = BunPpl,  Ey 0.2 0.2

30 Cp+DR £, pR o D az = BunPpf, Ry 0.2 0.2

35 D +DAE,popa ags = SEnfpd M 1 1,05

36 DR Mo, pr aze = Kgnl? Ko 35 3.5

37 DR L, pr azr = Kinfh kB 3 3,15

38 DR, -2 DR ass = onfy 5 3 3

39 DR+ DR £, b DE, + D} agy = Bnfinl Ry 0.2 0.2

40 DR +DL, 4, DR 4 DR ap = Bnlnly, 0.2 0.2

41 DR 4 DR, pR 4 DR ay = Byl ) Ry 0.2 0.2

42 DR4+DE M, pR DR ap = Bnfnl,  Eu 0.2 0.2

13 DR+ DA M, pR 4y pA a = Lnfpt M 1 1,05

44 D % Kivo DY, as = kiyond ko 3.5 3.5

45 DR T, R ags = Kyl K, 3,1 3

46 DR AN DR age = 'l o 3,15 3

47 DE+DF 20, DR 4 DR agr = K rief=D Ky 0.2 0.2

48 DE+DR L> DR, DY = Salnf, A 0.2 0.2

49 Diy+ D L7, DR 4 DA asy = Kl K 1,05 1

50 DA %, DA4X aso = agn? o 0, 0.1, 10 0, 0.1, 10

51 X L} 0 as) = Yan~ Y 1 1

52 Ca 5 D+X asy = onA 5 3 3

Table I: Reactions and parameter values used to generate the plots in Fig C.
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R, Reaction Prop.Func.(a;) Param. Value (h™!) Value (h™!) Value (h7})
lower plots upper plots upper plots

left plots right plots
I D+X-—5Cy a; = gnPn¥ & 10 10 10
2 a5 D+X ay = dn§ d 10 10 10
ki
3 D ﬂ> DA az = ki}on” Kito 86 86 86
4 oy e pa g x ay = kiyyn” Ko 86 86 86
5 Ca—5DA+X as = kiyng kil 300 300 300
6 DA ﬁ D ag = kpn? K 4 4 4
7 DA L> D ar = onA 5 4 4 4
A
§  D+DAL, pAgpA ag = MipPpA L 1 1 1
A
9 CytDA ML paypayx agz’“fy GnA L 1 1 1
A
10 D*+DF —A» D+DF aro = EnAnl o 1 0.3 5
kg A
11 DA+ DR £, D 4D an = Eatnly, k2 1 03 5
K A
12 DA Df =5 D+ D ap = Eppk A2 1 0.3 5
kg A A
13 DA+ DR £, D 4D ay = Entplfy, 1 03 5
ki,
14 D% DR ayy = kjon” ko 5 5 5
15 Cy 5 DR+ X ars5 = kyon? Ko 5 5 5
16 DR *> D arg = kpnft Ky 1.6, 0.8 1.6, 0.8 1.6, 0.8
17 DR, D a7 = J’n{i 5 1.6, 0.8 1.6, 0.8 1.6, 0.8
18 D+ DE 2, > D} + DY o = Pl R 0.2 0.2 0.2
19 Cy+DF 5 DRADE+X  ajg = ’”” nPnf A 0.2 0.2 0.2
K, ;
20 D+DY -, DR DR as = 9' nPnlfy, R 0.2 0.2 0.2
E ;
91 Co+ Db L DR DY +X gy = Syalnfy 0.2 0.2 0.2
22 DR + pr M, pypA az = HnlinA b 0.4,0.2 0.12, 0.06 2,1
23 D ﬂ> DY azs = kP ko 5 5 5
24 Cy =% it Df +X agy = ko ko 5 5 5
25 DR *> D ags = kfink kR 4 4 4
26 DR LI az = onf 5 4 4 4
27 D+D} % DR 4 DR azr = KnPn, L 0.2 0.2 0.2
28 Cao+DF 2L DF4DE+X  ag = ﬁ‘nDng kg 0.2 0.2 0.2
20 D+ DR £, DR 4 DR azg = BpPpk  ku 0.2 0.2 0.2
30 Ca+DB L DREADR 4 X ag = Bnlpf, Ry 0.2 0.2 0.2
31 D+ DR £, DR 4 DR agp = BpPpf R 0.2 0.2 0.2
32 Cy+DRELDRIDRLX g = BunDpk  Ex 0.2 0.2 0.2
33 D+DE ™, DR 4 DR agg = BpDpk  Eu 0.2 0.2 0.2
34 Cpy+DR L DRLDR 4 X ay = Bynlnl By 0.2 0.2 0.2
R R
35 DE + DA *2, p 4 pA ags = SEnfind i 1 0.3 10
36 DR "% Di ase = konit ko 5 5 5
lc - _
37 DY, DR agr = kfnf kR 4 4 4
38 DR —*,DR ags = onf, 5 4 4 4
39 DR+ DR £, b DR, + DR agg = Bupfinl by 0.2 0.2 0.2
40 DR+ D} M DR 4 DR ap = Bnfinl, b 0.2 0.2 0.2
ot
41 DR+DR L, pR 4 DR ag = Rt Ry 0.2 0.2 0.2
42 DF4DE B, pR DR ap = Bl R 02 0.2 0.2
R LR
13 D+ D M, pR 4 pA ag = Enfind k2 1 0.3 10
ki,
44 DR & DR, as = klonk ko 5 5 5
k. ’ ’
45 DE L> D} ass = kpnty k. 1.6, 0.8 1.6, 0.8 1.6, 0.8
46 DR 2 DR ags = 6'nk 5 16,08 16,08 1.6, 0.8
47 DE+DF 4, DR, 4 DF agy = By nB@Fo)  Ey 0.2 0.2 0.2
K, § ;
48 DY +Df, % D}, +Dfy asg = unfnly,  tu 0.2 0.2 0.2
19 DR +DA M, pRypa az = nfnt s 0.4,0.2 0.12, 0.06 2,1
50 DA 2, DA+ X aso = agn’ o 0,10 0, 10 0, 10
51 X—=10 az1 = yen™ Yo 1 1 1
52 Ca L> D+X aze = ont b 4 4 4

Table J: Reactions and parameter values used to generate the plots in Fig E.
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R; Reaction Prop.Func.(a;) Param. Value (h™!) Value (h™!) Value (h™!) Value (h™!) Value (h™')

Fig G Fig G Fig G Fig H Fig H
left plots central plots  right plots left plots right plots
L Di4i— 0l a1, = gnPint g 10 10 10 10 10
2, O, 4 Di+i a, = dn$? d 10 10 10 10 10
3; Di4j—Ch a3, = SnPins L 10 10 10 10 10
i d i . Ci
4 G == D+ ag, = dn d 10 10 10 10 10
5 D £> DAY as, = k‘f‘VOnD"i Eiivo 3.5 3.5 3.5 3.5 3.5
6, Cj Hivo, pai g g ag, = kibonG" kido 3.5 3.5 3.5 3.5 3.5
7 Ch Kiro DA'+J ar, = kiyon$? Eiivo 3.5 3.5 3.5 3.5 3.5
8 C 5 DM i as, = kibnG* kil 300 300 300 300 300
9; DA ;> D ag, = kgn?? kg 12,5 12,5 12,5 12,5 12,5
10, DA %, D‘ a; = oni ) 12,5 12,5 12,5 12,5 12,5
. . A .
11, Di+ DA; DA1 DA a1y, = %nn,znm % 1 1 1 1 1
12, Ci + DA 2, DAL DA i gy, = MipQinai ki 1 1 1 1 1
13; Ol + DA S, ATy DA L gy = B Cipa B 1 1 1 1 1
A LA . : A
14; DAADM E pigpltt g = kf At 0.2 1 10 1 1
A Ri KB i R A, R1 kA
15; D™ +Dj5 — D'+ Dy5 a5, = S’l‘"n nyy & 0.2 1 10 1 1
PR FE L i R Ri K
16; DM 4Dy — DI 4 Dy are, = EnAinltt 5 0.2 1 10 1 1
. P . s A
17 DM DR 2, pi 4 Dl ayg, = LnAinf M 0.2 1 10 1 1
18, D Mo, D ars; = klyon™t ko 3.5 35 35 35 35
19, i Mo, pRi g a9, = kyonS ko 3.5 3.5 3.5 3.5 3.5
2, Ch Hiro W, i 45 aso, = kwon,%l Ko 3.5 35 35 35 35
21, Ch W, DR j as1, = Ky nR kL 300 300 300 300 300
k ’
22, DM T, pi as, = an1 Ky 72,3 72,3 72,3 3.6, 1.5 1.2,0.5
23, DN L, pi ag, = 0'nlt 6 72,3 72,3 72,3 3.6, 1.5 12,05
. Sk . . ’ . . !
24, Di4 DR 2L, pltiy phtd ags; = SnDiplti ky 0.2 0.2 0.2 0.2 0.2
; . : . ’ ’
25; Ci +D§~1 M, DM LD 4] g, = %nélnf” L 0.2 0.2 0.2 0.2 0.2
26 Cj + Dy = Gl DR 4 DR 41 agg, = KunGinfi Ky 0.2 0.2 0.2 0.2 0.2
27, DI +D{‘2:‘ far, piti 4 phi agr, = SunPiplhi by 0.2 0.2 0.2 0.2 0.2
) . k’ / ,./
28, Ch+DR LD L DRI L5 g = RupGipfhi k. 0.2 0.2 0.2 0.2 0.2
) LK, s P i Ri K
29, Ci + DR S, DRI DRI LG g0 = K CipRi by 0.2 0.2 0.2 0.2 0.2
30; DM pAd K pi 4 pAd aso, = %nlmn’“ b 0.12 0.6 6 0.3 0.1
31, Di S, DR az1, = kon = 35 3.5 35 35 35
32, Ci Ko, pRi | ; ags, = KyonSt Ky 3.5 3.5 3.5 3.5 3.5
33 Ch Kiro W0, DR 4§ azs, = kwon% K2y 3.5 35 35 35 35
34, Ch v, > L azs, = kZnS! K2, 300 300 300 300 300
Ic _
35, Dyt —£s Di azs, = kEndtt kB 12,5 12,5 12,5 12, 5 12, 5
36, DXt Di azs, = ond 5 12,5 12,5 12,5 12,5 12,5
o i R, kum R,i R,i _ km Dy Ri ky
37; D'+ Dyl 24, iy DY agr, = BarpDiplti kar 0.2 0.2 0.2 0.2 0.2
38 Ch +Dyt B, DR‘ DR 4 age, = BnGinl ku 0.2 0.2 0.2 0.2 0.2
30, Ci 4+ DR B, DRI DRI g g0 — Fap G n§“ by 0.2 0.2 0.2 0.2 0.2

Table K: Reactions and parameter values used to generate the plots in Figs G, H, with
i,j=X,Z and 1 # j.
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R; Reaction Prop.Func.(a;) Param. Value (h™!) Value (h™!) Value (h~') Value (h™') Value (h71!)
Fig G Fig G Fig G Fig H Fig H
left plots central plots  right plots left plots right plots

40; Di+DY B, pli g phi as, = BrpLinty by 0.2 0.2 0.2 0.2 0.2

41, ChL+ DY B DR DRI gy, = %nﬁjngl By 0.2 0.2 0.2 0.2 0.2

42, Ol + DY B DRI DRI gy, = Ean il By 0.2 0.2 0.2 0.2 0.2

43, Di4+ DM B, pRiy phi as, = SgnDipfti  Ey 0.2 0.2 0.2 0.2 0.2

44; O+ DM B pRIE DRI 5 g, = Fa O n{“ by 0.2 0.2 0.2 0.2 0.2

45, i + DR By, pRIL DRI g = %nfﬁ pi Ry 0.2 0.2 0.2 0.2 0.2

46, D'+ DYy £, pli g plt s, = nDin By 0.2 0.2 0.2 0.2 0.2

47; C‘R + DR By DRI DRI L gy, = EunG ln’“ Ey 0.2 0.2 0.2 0.2 0.2

48; Ci +DRI By pRiy pRiLy 0 = k{;nA ‘i R 0.2 0.2 0.2 0.2 0.2

: . kR . . R R

49, DY EDA L DUEDA g, = L 0.2 1 10 1 1

50; DI 2o, Kiro DY aso; = kZonitt k2 3.5 3.5 3.5 3.5 3.5

51, DR 2, K DM as1, = KTy kR 12,5 12,5 12,5 12,5 12,5

52, DR -2, DR‘ asy, = onty 5 12, 5 12, 5 12,5 12,5 12,5

53 D4 DR B pRIL DR = R fipli ey 0.2 0.2 0.2 0.2 0.2

54 DR,i DR1 kar DR1 R.i _ ky, Ri Ry kn

; DM 4D DR any, = Bt by 0.2 0.2 0.2 0.2 0.2

- Ri | pRi ka, Ri | R Far 1 (0 =1

55, Dbl piti R, pltiy pl ass, = Bt TU Ry 0.2 0.2 0.2 0.2 0.2

56, DR 4 DR Far, DR‘+D$2‘ ass, = Ban il Ey 0.2 0.2 0.2 0.2 0.2

57, DN+ pAi M2, L DR DAL gy = %En nAi % 0.2 1 10 1 1

58, DRI Mo, pii ass, = klyonit Elvo 35 3.5 3.5 3.5 3.5

59; D]fé' ~r, phd asg, = kypniy' kp 72,3 72,3 72,3 3.6, 1.5 1.2,0.5

60, DY 2 DR‘i ago, = 8 iyt 5 7.2,3 7.2,3 7.2,3 3.6, 1.5 1.2,0.5

R,i !

61, D phit =5 DY + DY ap, = ’}A; W by 0.2 0.2 0.2 0.2 0.2

62, DN 4D 2 ul DY 1 DRI ag, = Funfinli  Ku 0.2 0.2 0.2 0.2 0.2

63; DY +] DA‘ M DRI DAL g = L 7 0.12 0.6 6 0.3 0.1

64; D‘\‘ DA 4 ags; = a;n a; 0, 10 0, 10 0, 10 0, 0.1, 10 0, 0.1, 10

65; i——10 ags;, = in® i 1 1 1 1 1

66, Ci —>5Diti ags, = onG” 5 12,5 12,5 12,5 12,5 12,5

67, Ch —25Di+j agr, = on§’ ) 12,5 12,5 12,5 12,5 12,5

Table L: Reactions and parameter values used to generate the plots in Figs G, H, with

i, =X,Z and i # j.
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