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INTRODUCTION

In what follows we develop a mathematical model to describe the signaling and transcrip-
tional network dynamics by which negative and positive feedback loops regulate cytokinin
signaling and WUS expression. The main focus of the model is to explore several hypotheses,
as to how WUS induction occurs as a function of cytokinin signaling and to understand how
individual feedback loops contribute to the dynamics of the cytokinin perception pathway.

As described in the main text, cytokinin perception in cells of the Arabidopsis thaliana meris-
tem is mediated through a signaling system in which sensor histidine kinase receptors are
activated by cytokinin and in response phosphorylate Arabidopsis histidine phosphotransfer
proteins (AHPTs). Phosphorylated AHPTs transfer phosphorylation to downstream Ara-
bidopsis Response Regulators (ARRs). (ARRs)[1]. Type-B ARRs which are phosphorylated
become transcriptionally active. One direct target being the Type-A ARRs. The Type-A
ARRs negatively regulate signaling [1, 2]which leads to a negative feedback signaling loop:
Signaling → Type-B ARR → TypeA ARR � Signaling. The transcription factor WUS, is
known to suppress Type-A ARR transcription [3]. Hence these basic interactions summarize
the signaling activity mediated through the ARR signaling pathway.

WUS also participates in the well known CLV negative feedback loop regulating stem cell
number. WUS activates CLV3 which when complexed with its receptor,CLV1, negatively
regulates WUS expression. Hence WUS regulates itself negatively through the CLV pathway.
Recent experiments by Lindsay et al [4], show that cytokinin treatment of wild type plants
leads to suppression of CLV1, and induction of WUS. The authors therefore suggest that
cytokinin breaks the CLV-mediated negative feedback on WUS, and that this may explain
WUS induction by cytokinin treatment. However, in the experiments described in the
main text, WUS induction in clv mutant backgrounds suggests that there must be other
mechanisms which operate to induce WUS. Hence we make, in addition to the ability of
cytokinin to suppress CLV1 , the hypothesis that WUS is induced by a CLV independent
mechanism through the Type B ARR’s as shown in Fig. 1.

Network Model

We make the following simplified assumptions, in building the mathematical model.

• Cytokinin signaling leads to down regulation of CLV1 [4].
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Figure 1: The cytokinin perception circuit. → represent signaling as well transcriptional acti-
vation, � represents negative feedback or repression (see text for type of interaction). Hyp 1:
Cytokinin signaling represses CLV1, Hyp 2: Cytokinin signaling activates Wus(C1=CLV1,
C3=CLV3. BP , AHPTP correspond to the phosphorylated forms of B, AHPT ). Cyt corre-
sponds to (cytokinin × receptor).

• Cytokinin treated clv mutants show WUS induction, which suggests CLV-independent
activation of WUS.

• Type-A ARRs mediate negative feedback on cytokinin signaling, either through com-
petition with Type-B ARRs for phosphorylation from the AHPTs or through an inde-
pendent mechanism involving protein-protein interactions [1, 2]. Type-A ARR negative
regulation of signaling is modeled in a simple way by assuming that Type-A ARR’s
reduce signaling by a factor

1

1 + α[A]
(1)

(see Eq. 2, d[Bp]
dt

, where the strength of the negative feedback depends on the parameter
α.

• Transcription factor dynamics is modeled based upon a thermodynamic model for
transcription [5, 6, 7, 8], We also model transcription and translation as one combined
process.

The above can be translated into the following set of differential equations for the concen-
trations of the various species.

d[AHPTP ]

dt
= (

[Cyt][AHPT ]

Kh1 + [AHPT ]
) − vh1[AHPTP ]

Kh2 + [AHPTP ]
,
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d[BP ]

dt
= (

[AHPTP ][B]

K1 + [B]
)(

1

1 + α[A]
) − v1[BP ]

K2 + [BP ]
,

d[A]

dt
=

a0 + a1[BP ]

1 + a0 + a1[BP ] + a2[Wus]n
− γ1[A],

d[Wus]

dt
=

b0 + b1[BP ]

1 + b0 + b1[BP ] + b2[CLV ]
− γ4[Wus]

d[CLV 1]

dt
=

c0

1 + c0 + c1[BP ]
− k1[CLV 1][CLV 3] + k2[CLV ] − γ2[CLV 1]

d[CLV 3]

dt
=

d1[Wus]

1 + d1[Wus]
− k1[CLV 1][CLV 3] + k2[CLV ] − γ3[CLV 3]

d[CLV ]

dt
= k1[CLV 1][CLV 3] − k2[CLV ]

(2)

In the above equations we assume that cytokinin signaling input corresponding to (cytokinin
× receptor) phosphorylates AHPT . The AHPTP then causes phosphorylation of Type-B
ARR’s. We describe these by simple Michaelis-Menten equations. The parameter values used
for the above equations are displayed in Table 1. We do not assume any type of cooperativity,
except in a later section where we assume that WUS binds co-operatively to Type-A ARR as
a repressor, where we assume n = 2. In the equations for AHPT, BP , we have not included
production and degradation terms. Cytokinin does not alter the levels of AHPT’s and Type
B RR’s, and in fact adding cyclohexamide does not prevent signaling(see Fig 1G main text).
Hence we interpret the role of cytokinin as triggering the conversion of un-phosphorylated
forms of AHPT and Type-B ARR to phosphorylated forms of the proteins. We have however
tested the model by adding a low rate of production and degradation, to see if the results
change significantly. We find that we get almost identical results. The reason is that by
allowing a low rate of production+degradation, the total amount of phosphorylated+un-
phosphorylated proteins is conserved, hence this situation is almost identical to having no
production/degradation of type B and AHPT’s.

We begin by analyzing the sub-system which consists of AHPTP , Type-A ARR, and Type-B
ARR. We exclude all other interactions, since we are interested here in the dynamics of the
core negative feedback of Type-A ARR on signaling. This amounts to assuming that the
levels of cytokinin are below the threshold above which WUS is strongly induced. Hence,
AHPTs → Type-B ARR (phosphorylation), Type-A ARR � signaling, and Type-B ARR →
Type-A ARR (transcription activation).

In Fig 2 we plot Type-A ARR and Type-B ARR levels, for a perturbation in cytokinin
concentration,(cytokinin concentration which starts at a high value(10), degrades in time) 1.
This is plotted for the wild type, and for higher negative feedback, i.e α = 1, 5, respectively.
Cytokinin treatment first leads to a rise in activated (phosphorylated) Type-B ARR, which
immediately increases transcription of Type-A ARR. The Type-A ARR, negatively feeds

1We assume a degradation constant for cytokinin of 1min−1, which is higher than all the other degradation
constants in the network. This implies that the system is first perturbed, by a pulse(cytt=0 = 10), followed
by the slow decay to steady state.
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back on signaling, which in turn, restricts Type-B ARR activation. Hence as the feedback
strength is increased (increasing α), we see from the plots that both Type-A ARR as well as
Type-B ARR levels rise and fall over shorter time scales. The negative feedback therefore
leads to a quick response of the system to perturbations. However, if the concentration of
cytokinin is increased substantially, then WUS is significantly induced, leading to different
dynamics. Hence the Type-A ARRs limit cytokinin signaling, filtering out small fluctuations
which could initiate induction of a subset of downstream genes thereby leading to a different
developmental program. From the figure, the relevant time scales are approximately within
1h.
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Figure 2: Dynamics of A & B Type ARR’s as a function of time (mins).

Steady State Dynamics of WUS with respect to cytokinin concen-
tration.

We now discuss the steady state behavior of WUS as a function of cytokinin signaling for
the various hypothesis. By this we mean that the input level of cytokinin is fixed, and the
steady state values of the network components are computed. WUS induction in clv mutants
point to a CLV-independent mechanism by which cytokinin activates WUS. We propose that
WUS is induced through a CLV-independent mechanism, see Fig 1, lines marked as HYP2,
which shows activation of WUS transcription through the core cytokinin pathway. Fig. 3
panel A displays the steady state values of WUS, Type-A ARR, Type-B ARR as a function
of cytokinin signaling for the clv mutant, for HYP2(in the model we simply set b2 = 0, to
represent the inability of the CLV complex to repress WUS), and in panel B, for the wild
type (HYP1+HYP2). WUS induction is seen in both cases, with the difference being that
the curve for WUS induction in (B) requires a higher threshold of cytokinin signaling to be
fully induced. Referring to panel A, when induced by cytokinin signaling, Type-B ARRs
transcribe Type-A ARRs, which in turn suppresses signaling through the core cytokinin
pathway, and hence, this negative feedback keeps WUS induction at a low level. However,
on further increase of cytokinin, a threshold of cytokinin signaling is reached such that
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when sufficient WUS is produced, it suppresses Type-A ARRs (ARRs 5, 6, 7, 15), thereby
relieving cytokinin signaling. This results in enhanced signaling and hence more WUS. Thus
the two negative feedback regulatory interactions lead to positive feedback, which leads to
an induction of WUS. In the wild type (panel B), we assume HYP1( [4]) and HYP2, the
curve shows an even greater threshold in cytokinin required, before full WUS induction.
Here, WUS effectively negatively regulates itself, since WUS activates CLV3, which when
complexed with CLV1, leads to downregulation of WUS. Hence, sufficient cytokinin levels
have to be build up to downregulate CLV1, so as to break the WUS self-negative feedback.
Hence there are two interlooped mechanisms which induce WUS: the first is that increasing
signaling leads to repression of Type-A ARR by WUS, and the second by repressing CLV1.
The first of these occurs through WUS itself, which leads to positive feedback. The second
mechanism allows for WUS levels to increase as cytokinin signaling increases. The curve
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Figure 3: The network models displayed as cartoons, corresponding to model(3), and CLV
mutant. The curves for WUS, Type-A ARR, Type-B ARR as a function of cytokinin for
clv mutant (panel A) and wild types (panel B). Panel A: b2 = 0, b1 = 0.25, Panel B:
b2 = 1, b1 = 0.25, all other parameters are as in Table1.

for Type-A ARR predicts a remarkable behavior (panels B) for the wild type. Here, for
low values of cytokinin before WUS is fully induced, Type-A ARR levels are higher. This
is because WUS induction has to come through the signaling which is negatively regulated
by the Type-A ARR’s. As cytokinin signaling increases, WUS ultimately gets induced, and
this leads to down-regulation of Type-A ARRs. Hence the curve for Type-A ARR shows a
peak. Comparing the spatial profile(see later section), of Type-A, B ARR’s, WUS, with dose
response curves (Fig. 2(a) main text) confocal image data of Type-A ARR reporters (Fig.
3(a-c) main text), provides support for HYP2+HYP1 to be the mechanism by which WUS
is induced by cytokinin. Throughout the rest of the text we will often refer to this as the
”wild type”. A better understanding of the functional relevance of the various hypothesis
to the dynamics of the network can be achieved by considering two cases:WUS is assumed
to be induced only by activation from the cytokinin signaling pathway alone (HYP2 in the
absence of HYP1), or solely by suppression of CLV1 (HYP1 in the absence of HYP2). Fig. 4
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shows simulated dose response curves for the two cases as well as compared to the combined
case (HYP1+HYP2–wild type). The curves for WUS show that HYP1 alone or HYP2 alone
lead to low levels of WUS induction. HYP1:Supression of CLV1 is insufficient to give major
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Figure 4: The network models corresponding to models (1,2 & 3) displayed as cartoons.
WUS as a function of cytokinin for HYP1, HYP2 and wild type. HYP1: b2 = 1, b1 =
0, c1 = 5, HYP2:b2 = 1, b1 = 0.25, c1 = 0, HYP1+HYP2:b2 = 1, b1 = 0.25, c1 = 5, all other
parameters are as in Table1.

increases in WUS levels, unless WUS is induced separately, HYP2:WUS activation, either
through Type-A ARR regulated or an independent mechanism does not lead to massive
induction of WUS, since the CLV-mediated negative feedback restricts WUS levels. This
compared to the curve for the combined case (wild type), in which both mechanisms operate,
shows that for robust WUS induction, both hypothesis must be considered. In summary,
CLV negative feedback must be reduced, in addition to CLV independent activation to obtain
the observed 38 fold induction of WUS (Fig 1 main text).

Bistable Response of the Circuit

Multiple core binding sites for WUS are present in an upstream region of the Type-A ARR,
ARR7, to which WUS is known to bind, suggesting that WUS may bind to Type-A regulatory
sequences in a cooperative manner [3]. The combined model including CLV1 suppression
and simultaneous activation of WUS transcription through the core cytokinin pathway has
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intrinsic positive feedback which would be enhanced through cooperative binding of WUS.
Fig.5 shows WUS expression behaves in a switch-like manner, turning ON to high levels once
cytokinin signaling levels cross a certain threshold. This network behavior which displays
hysteresis, and hence memory, has two interesting consequences. First, once WUS expression
turns ON, it is relatively well buffered by fluctuations in cytokinin. Second, it predicts a
sharper spatial profile of WUS, as cells can only stably have either high or low levels of WUS.
In situ hybridizations show that WUS is indeed expressed in a switch-like manner, strongly
expressed in one cell while not present in a directly adjacent cell. Switch-like behavior of
WUS activation is also consistent with its steep response curve to cytokinin (Fig. 2a main
text) An interesting question is whether bistability in the network dynamics can result just
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Figure 5: Bistability of the circuit due to co-operative binding of WUS on the Type-A ARR
promoter (n = 2), all other parameters are as described in Table1). SN denotes saddle-node
bifurcation, and the dotted lines represent unstable states. The system exhibits multiple
steady states for a single value of cytokinin signaling. EX: at Cyt = 1, WUS = 22, 1,
depending on the initial concentrations.

due to the fact that there is already inherent positive feedback in the network(due to the two
sequential negative feedbacks, namely, WUS � A, A � signaling, in addition to signaling →
WUS, both through Type B ARR, as well as by suppressing CLV1). Is cooperativity of WUS
binding to Type-A ARR, necessary for bistability? In general it is difficult to show this, for
the complex network described by Eq. 2. However, we will now demonstrate that bistability
cannot arise simply from positive feedback, for a simplified network, in which we retain the
important aspects of the network described by Eq. 2. Namely we consider only the dynamics
between Type A ARR, Type B ARR and WUS. We therefore assume that activation of WUS
which occurs both through suppression of CLV1 and activation through Type B ARR’s can
be replaced simply by activation by Type B ARR. We also ignore dynamics of the HPT’s
since it is upstream of the signaling. Hence, from Eq.2, we obtain the following simplified
set of equations,

d[BP ]

dt
= [AHPTP ][B])(

1

1 + α[A]
) − v1[BP ],
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d[A]

dt
=

a0 + a1[BP ]

1 + a0 + a1[BP ] + a2[Wus]n
− γ1[A],

d[Wus]

dt
=

e0 + e1[BP ]

1 + e0 + e1[BP ]
− γ4[Wus]

(3)

where we have assumed that the Michaelis-Menten constants K1, K2 >> B, BP . Setting
γ1, γ4 = 1, a0, e0 = 0, and assuming non-coperativity of WUS binding i.e n = 1, we obtain
for the steady state values of [BP ], [A], [Wus],

η(T − [BP ]) = [BP ](1 + α[A]),

([A]) =
a1[BP ]

1 + a1[BP ] + a2[Wus]
,

([Wus]) =
e1[BP ]

1 + e1[BP ]

(4)

where η = [AHPTP ]
v1

, and B + BP = T is the total protein number for B. By first replacing
[Wus] as a function of BP , from the third equation into [A](second equation), we obtain an
equation for BP ,

[−(η + 1)a1e1 − αa1e1)]BP
3 + [−(η + 1)(a1 + e1 + a2e1) + ηTa1e1

−αa1]BP
2 + [ηT (a1 + e1 + a2e1) − (η + 1)]BP

1 + [ηT ]BP
0 = 0 (5)

The roots of this equation determine the possible steady state values of BP . For bistability
to occur there must be three positive roots. A qualitative analysis of the solutions can be
done using we use the Descartes Sign Rule2 We count the number of sign changes (N) that
occur as we go through each of the terms of the polynomial for BP , including the last term,
which is multiplied by BP

0. There are at most N , N − 2, N − 4 ... positive solutions(the
possibility for complex solutions reduce the number of solutions by 2). The coefficient of
BP

3 is negative and the last term is positive. Hence, the only way to get three positive
solutions is if the sign of second term and sign of the third term are positive and negative
respectively, i.e (−)BP

3(+)BP
2(−)BP

1(+)BP
0. Hence we must have A > 0, B < 0, where

A = −(η +1)(a1 + e1 +a2e1)+ ηTa1e1 −αa1, B = ηT (a1 + e1 +a2e1)− (η +1). Since v1 = 1,
and 0 < AHPTP < 10, we have 0 < η < 10. Let S = (a1 + e1 + a2e1), then we have,

B = 10Sη − (η + 1). (6)

B = −1, at η = 0, hence to guarantee the condition that B < 0, for 0 < η < 10, a limiting
condition is that B = 0, at η = 10. This results in S < 0.11, from the above equation. This
implies that,

(a1 + e1 + a2e1) < 0.11. (7)

2Anderson, B., Jackson, J. & Sitharam, M. ’Descartes’ rule of signs revisited. Amer. Math. Monthly
105, 447-451 (1998).
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We now use this to set limits for A. We can write A as,

A = (−0.11 + Ta1e1)η − 0.11 − αa1. (8)

For A to be positive, we must therefore satisfy from the first term in the above equation,
10a1e1 > 0.11, where we have used T = 10. Since S = 0.11, e1, a1, a2 < 0.11, this implies that
in this case, the above condition is not satisfied, since the product of a1e1 < .01. Hence A < 0,
indicating that 3 sign changes are not possible in this case. However, with cooperativity of
binding of Wus to Type A ARR’s it is possible to obtain switch-like behavior. In Fig. 6, we
plot Wus, A, BP as a function of HPTP for n = 4, which shows the switch-like response.
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Figure 6: Bistability of the circuit due to co-operative binding of WUS on the Type-A ARR
promoter (n = 4). In addition we have, a1 = 5, a2 = 2, γ1, γ4 = 0.025, α = 10, v1 = 1, e1 =
0.1. SN denotes saddle-node bifurcation, and the dotted lines represent unstable states. The
system exhibits multiple steady states for a single value of cytokinin signaling.

Spatial Models of Type A, B ARR’s, WUS

As shown in Fig. 2 B-D (Main Text), the cytokinin response gradient peaks in the center of
the meristem, which follows from the cytokinin receptor concentration which also peaks in
exactly the same location (see Fig 3 main text). Our goal was to model the 2 dimensional
spatial distribution of Wuschel (corresponding to a longitudinal slice of the meristem (see Fig
2 B,C main text)). We therefore assume a central peak of cytokinin input(Cyt in the equation
for dAHPTP

dt
Eq. 2) to the network model. The output for Type-A, phosphorylated Type-B

ARR’s and WUS, is computed from Fig. 3B, by reading as input the spatial distribution
of cytokinin input, and the final distributions are plotted in Fig. 2 H-J (Main text). We
therefore assume that a central cytokinin signaling gradient (cytokinin × receptor) exists,
which patterns the network components. Implicit in this assumption are the following:
we treat cells as a continuum; cytokinin is assumed to diffuse rapidly into cells and hence
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establishes a steady state profile. The cytokinin signaling gradient is assumed to be of the
form,

cyt(x, y) = 4 exp−(x2 + y2)/2, (9)

which corresponds to Cytokinin signaling as a peak at the center, disappearing at the bound-
ary. The spatial plots are plotted in x, y axis ranging from −5 < x, y < 5 arbitrary units.
Type-A, phosphorylated Type-B ARR’s, WUS read out their values from the network model
(Fig. 3B) (also see Fig 2 main text).

The previous spatial profiles computed assume no co-operative binding of WUS takes place
on Type A ARR. However, if we now include cooperativity, then we can use the results
for steady state values of Type-A,phosphorylated Type-B ARR and WUS, shown in Fig.
7 (using the same parameter values to obtain the bistable curve in Fig. 5), to read out
values of Type-A ARR etc from knowledge of the input cytokinin signaling gradient(Eq. 3).
The spatial profiles are plotted for this case in Fig. 8, centered at (0 × 0). Phosphorylated
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Figure 7: Type-A, B ARR, levels for the bistable response curve.

Type-A, Type-B ARR, and WUS are expressed in a switch-like manner, since the bistable
curve of Fig. 7 clearly shows the all/nothing nature of the curve. Type-A ARR in spatially
expressed as a ring, with almost zero levels at the center, where WUS is high.

Interrogating Network Dynamics through variation of

individual feedback loops.

We discuss the effect on network dynamics, in particular the steady state levels of WUS as a
function of cytokinin, for several different interactions, for the wild type(HYP1+HYP2). In
each case the strength of an individual feedback loop is varied, and the WUS vs cytokinin
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Figure 8: Spatial patterns of Type-A, B ARR, WUS for the switch-like case.

curve is plotted. This way one can infer the contribution of that particular interaction to
the circuit dynamics, by observing its effect on the steady state values of WUS vs cytokinin.
In each case we vary a particular parameter pi over the three values 2pi, pi,

pi

2
, while keeping

all the other parameters unchanged( where the wild type parameters are given in Table1).

0.1 WUS � Type A ARR

Increasing repression of Type-A ARR by WUS (higher values of a2, Fig 9), relieves negative
feedback of the signaling (by Type-A ARR), and hence WUS levels increase. Therefore this
interaction leads to higher positive feedback. Notice also that the threshold of signaling
required to induce high values of WUS reduces, as lower levels of WUS are sufficient to
equivalently suppress Type-A ARRs.

0.2 Type A ARR � signaling

The strength by which Type-A ARRs inhibit signaling is another important parameter reg-
ulating the dynamics of this model. Higher values of α correspond to stronger negative
feedback mediated by Type-A ARRs on signaling, and hence results in lower levels of WUS,
see Fig 10.
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Figure 9: WUS vs cytokinin as a function of a2
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Figure 10: WUS vs cytokinin as a function of α

0.3 cytokinin → Type A ARR

Parameter a1 controls how much Type-A is induced by phosphorylated Type-B ARR. Thus,
increasing a1, Fig 11, leads to higher induction of Type-A ARR per unit of phosphorylated
Type-B ARR, and hence, higher negative feedback of cytokinin signaling. This leads to
reduced values of WUS for the same amount of cytokinin signaling.

0.4 cytokinin � CLV1

The parameter c1 controls suppression of CLV1 by cytokinin signaling which relieves negative
feedback of WUS on itself. Hence it is easier to induce WUS, as c1 increases, Fig 12.
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Figure 11: WUS vs cytokinin as a function of a1
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Figure 12: WUS vs cytokinin as a function of c1

0.5 cytokinin → WUS

The parameter b1 controls the strength by which cytokinin signaling (phosphorylated Type-
B ARR, for example) activates WUS. Therefore increasing b1 leads to higher induction of
WUS for an equivalent value of cytokinin signaling, Fig 13.

Phenotypic effects of self-negative feedback of WUS due

to the CLV pathway: Time Series plots of WUS for wild

type and clv mutant

Negative feedback in a system leads to a quicker response in damping out fluctuations.
Consider a simple example of a gene which regulates its own expression negatively. This
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Figure 13: WUS vs cytokinin as a function of b1

could be thought to occur if the protein binds to its own promoter and prevents RNA
polymerase from transcribing it. This system can be described by the following equations,

dx

dt
=

A

1 + αxn
− γx, (10)

where x represents the protein concentration, A, α, n&γ correspond to the basal rate of
transcription, negative feedback strength, cooperativity coefficient and the degradation rate.
Setting the right hand side to zero, this equation can be solved to give xs, the steady state
value of the protein concentration. Consider a small perturbation δA(t), around the basal
rate A, then the corresponding perturbation around xs, is δx(t), with

dδx

dt
=

δA

A
γxs − (

αnγ2xs
n+1

A
+ γ)δx. (11)

Notice that the negative feedback imposes a greater apparent degradation rate (the first term
inside brackets), which can increase with stronger feedback. This explains why WUS levels
remain at a higher level in the mutant, since in this case the CLV-mediated negative feedback
is not active. In the main text a perturbation was applied, namely, treatment with cytokinin,
and then different phenotypes were observed in terms of carpel number for clv mutants(Fig.
1H, main text). We construct time-series plots Fig. 14, so as to mimic these experiments in
which we assume that in each case, the network is initialized for [cytokinin]= 0, and then we
simulate the system with [cytokinin]= 10, at t = 0, assuming that cytokinin degrades at a
rate γ = 1min−1. Hence the final steady state is the same as the initial state, and therefore
the time series plots show the effects of a perturbation on the network. The normalized
time series are plotted as WUS(t)

WUS(t=0)
, for 3 different cases. The curve for the mutant shows

that relative WUS levels remain at slightly higher levels than when strong negative feedback
is present. The mutant lacks the ability for CLV to suppress WUS, and hence there is no
negative feedback, thereby leading to higher levels of WUS, and hence its greater phenotypic
effect. Increasing negative feedback through stronger binding of the CLV complex to WUS,
leads to a quicker fall in WUS levels.
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Figure 14: WUS vs Time for wild type (including increasing strength of feedback from CLV
pathway, i.e how strongly the CLV complex suppresses WUS. black, blue and red correspond
to increasing levels of feedback. b2 = 0, 1, 100.

Simulations were carried out using MATLAB software (The Mathworks) and the Systems
Biology Workbench (SBW/BioSPICE) tools [13]: JDesigner, and Jarnac. The bifurcation
diagrams which were used to generate steady state curves for various species were generated
using Oscill8 [14]
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Kh1 vh1 Kh2 K1 α v1 K2 a0 a1 a2 b0 b1 b2

5 2 5 1 1 1 1 0.01 5 10 0.025 0.25 1

c0 c1 k1 k2 d1

0.5 5 0.025 0.5 1

Table 1: The concentration of the network components are in dimensionless units, the rate
constants (transcription and degradation) are in units of min−1, and the Michaelis-Menten
constants are dimensionless. We assume no form of cooperativity unless specifically men-
tioned, hence n = 1(in the section on bistable response of the circuit, we use n = 2, since
multiple binding sites for WUS were found on the Type A ARR promoter [3]). Although
the results obtained from the model are robust to a wide range of parameters, one guideline
we have adhered to is to set the parameters for the AHPT, Type A ARR, and Type B
ARR, such that certain relevant time scales are obtained. Namely, the phosphorylation/de-
phosphorylation time scales of the AHPT’s are 10min, and the time scales of the Type A
& Type B ARR’s, are < 1hr [9, 10, 11] (see Fig 2). To obtain these results we assume a
degradation rate for the Type A ARR to be 0.025min−1. We also assume that all degra-
dation rates γi = 0.025min−1 (i=1:5), the transcription/translation rates are chosen to be
scaled to a maximum of unity(for parameter values used in typical models of bacterial sig-
naling/regulatory networks see [12]). The total amount of AHPT, Type B ARR in their two
different forms obey, AHPT + AHPTP = 10, B + BP = 10.
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