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Mathematical appendix 1

Post-transcriptional memory time
To understand the effect of mMRNA degradation aradem secretion on the memory time of
IL-4 expression, we consider the model presentefigure 2B of the main text; which

includes only mRNA production-degradation, and @rotranslation-secretion:

dmd&: Ky —d;MRNA
(Eq..51
—dPROdtTE'N = k,mRNA —d,PROTEIN

When the reactions happen stochastically, the madel be treated with two main
approaches: the master equation, or the Langeyroaph.

In the master equation approach, the system hasceetd number of states corresponding to
the absolute values of the considered chemical comgs, and the system jumps between
these states with a certain probability dependimghe reaction rates [1]. When mRNA and
proteins are considered separately, they followo@ggonian distribution, with the variance

equal to the mean. In the mRNA case this leads to:

var, .. =< MRNA? > - <mRNA >*=<mRNA >=k. /d, (Eqg. S1.2)
Conversely, in case that the mRNA is constantptioéein distribution verifies:

Varpgorew =< PROTEIN >=kgk, /dgd, (Eq. S1.3)
When both of the compounds vary stochastically, ghatein variance is perturbed by the
upstream mRNA fluctuations [2], giving a variance:

kP
d,+d,

Var pporen =< PROTEIN > (1+ ) (Eq. S1.4)

which leads to the Eqg.1 in the main text, in whiglriance is normalized and
r, =d;',7, =d;' are mRNA and protein averaged lifetimes.
In the Langevin approach, the system varies coatisly in the space of the chemical

compounds of MRNA and proteins. Then, random flatbms are imposed to the kinetics of



the compounds by adding noise functionsua7eroreny Which perturb the equations of

motion:
dmRNA
T Ke ~daMRNA +7,, ()
Eq. S1.5
dPROTEIN _ = )
g = KeMRNA ~d.PROTEIN +/Jeqorer (1)

In the case of white noises, the fluctuations araverage equal to zero and not correlated in
time:

<Norna ) >=0, <7700 O)7rua (t+7) >=0z0(7)

(Eq. S1.6)
<Nproren (1) >= 0, <Mprorem ()eroren (t +7) >=0,0(7)
where J(r) is a Dirac-function, and the fluctuations depejuds$ on the parameteis,,q;, -

The Langevin approach is consistent with the mastgration when the gain-loss terms

within the differential equations are linear, am@ tvariance due to the noise functiops

matches the variance obtained from the Master kauah the case of mRNA, the variance

in the Langevin approach can be computed for theiatiens from the steady-state,

AR =mRNA-<mRNA >, by using the Fourier transform(t) = J'ei“‘x(a))da)IZH, asin [3]:

(77
<| Minena (@0)° |>=qR , éR(a)):”mLA()

d; +iw (Eq. S1.7
From the mRNA variance:
_ dw ¢ q
VAR =<R? >= R___=-_"R
MRNA I2ndR2+a;2 2d, (E21L.8)

and the “poissonian” constraint on the white namgensity, VAR ;. =< MRNA >=k /d;,
it follows g = 2K .
To derive the value of|,, a similar method is applied to the protein dynznwhile the

MRNA is considered deterministig{ =0), resulting ing, =2k.kg /dy.



When the two noises are both present, the protaiiance is perturbed as described by the

master equation:

dw g,
2md,? + o

Kp

Ke'Og
1+ )=< PROTEIN >(1+dp+dR)

d.> +

VAR oroten = J.

(Eg. S1.9)
equal to the variance in Eqg. 1.4, obtained by Mdstgiation.
Following Sigal and collegues [4], the memory tiofea certain component x can be defined
as the half-time of the normalized autocorrelafiomction Ay

< X(t)ox(t +tg) >

At,) = =05 (Eq. S1.10)

2
< X(t)* >
In the case of MRNA, the solution dR reads:

doR ‘ - N epp e
dt = —dg AR +/7aa (1); R(t) = _[ et t)’7mRNA (t")dt (Eq. S1.11)

Then, the normalized autocorrelation function of MARis:

t+r1

t
Ag (1) =< j edR(tl_t)”mRNA (t)dt’ j edR(t"_t_T)”mRNA (t")dt">/VAR o =

t+r

t
=e WD [ gt [ edt2d S(t'~t")dt "dt'= e~

(Eq. S1.12)

Considering the estimated mRNA degradation ratdliet (see Table 1), the memory time

for mRNA is equal ta, Othr .
EmRNA

Similarly, random variations in protein producti@oupled to mRNA fluctuations, follow:

doP
?= kpd? _dpd:) * TerotEN (t)

t t (Eg. S1.13)
P (1) = [er “{r/ () + [ (t")dt'}dt'



with an autocorrelation function for protein levelgual to:

-dg7 —dp7
A (7)= dedeke (e e ]+ de +do  -aor

(o —de)(dg +ds +ky) | dr  dp ) ko +dg +d,

(Eq. S1.14)
In the case of IL-4, the estimate for the paranse(dr, =2d,; k. /d, >10%) leads to the
following approximation:

A, (1) 02e7 %" —g ™%’ (Eq. S1.15)
Considering our estimate of the rates of protecredi®n and mMRNA degradation for IL-4
(Table 1), the theoretical memory time for IL-4 i, if it would obey the model in Fig 1B,
is equal to

t, =1.75hr (Eq. S1.16)

EPROTEIN

Mathematical appendix 2

Transcription factor activity and occupancy of the binding site.

In the model in Fig 2C, the effect of the transtoip factor activity on the gene regulation
depends on the occupancy of the stimulation-depenttanscription factor TF ) at one
specific binding site (BS).

The binding and the release ™ at the site is described by a simple mass akirgtics

oM -
TF + BS Complex(TF,BS)
40

where k™ and k™ are the rates of binding and release respectividig. average time for a
complex is equal B =1/k” , while the average time in which the binding sstenot bound
by aTF isN =1/(TFk™) .

In the approximation of rapid equilibrium fdiF binding-release, the occupancy of the site

can be written as

B _  TF(t)
N+B K +TF(t)

O, (t) = (Eq. S2.1)



whereTF (t )is the kinetics of thEF concentration and, :F is the dissociation constant.

For values offF which do not saturate the occupancy of the binditeg(K, >>TF(t)),

the occupancy in Eq. 2.1 is proportional to thesmiption factorTF

TF(t)
Ore (1) O K

(Eq. 3p.

D

SinceO, (t ) is a multiplicative factor for the reactions ofrematin opening and mRNA
transcription (Fig 2D), it can be arbitrarly re-kch coordinatively witlk, and k; . In the
simulations presented in Fig. 2E, 3 and 6, the pacay was rescaled relatively to the
maximal valueD, (0) = O =1. In the simulations presented in Fig. 5, the gadfiO)™

was a free parameter in order to assess the effeldfferent values of TF activity on the gene

expression.

Mathematical appendix 3

Fraction and mean expression value of 1L-4 positive cells

To have analytical approximation on the fractiord dhe mean expression level of IL-4
positive cells on a population level, we considejest the initial constant phase of the
kinetics for TF occupancy at the binding sie: (t) . This phase is equal to a step function
with phaset, :

for 0<t<t,, O (t) =0,

for t>7, O, (t)=0 (Eqg. S3.1)

Assuming that the binding site occupancy of thedcaiption factor switches off randomly
and completely with probability raté, , the probabilityS(t pf finding the cell withO,- =0
evolves as

ds

Ezdrp 1-95) (Eq..38
For a starting valu&(0) =0, the solution becomes

S(t) =1-e°, (E38.3)

and the probability distributio® (t) for a cell to have a phases equal to:



D (t) =— =€ et (Eg. S3.4)

The mean phase of TF binding site occupancty, >, can be calculated as the expectation

value of the each phasg over the probability distributio® (t) from Eq. S3.4:
<t, >= [t,D(ty)dt, = & (Eq. S3.5)
0

Assuming that all genes are initally in the clostate, and they get opened in a single step

with probability ratex O (t), the probabilityG(t )of a gene to open, evolves as:

dG
P ksOr ()(1-G) (Eq. S3.6)
and, depending on the phaseit is given by :

for t<r, G(t)=(L-e" "
rGM=( ) (Eq. S3.7)
for t>7, G(t)=(@1-e" ")
Similarly to Eq. S3.4, for a cell with a phage the probability distribution of the time
elapsing from the beginning of the phase (t=Oh®dpening of the gen® (t i9:

for t <7,Dgy (1) = C:j(t; =K, “ﬁaxe'”GOTFaxt
for t >7,Dg, (t) = C:j(t; 0

The fraction of opened genes at the end of theusdition p, can be calculated as the

(Eq. S3.8)

probability to find a gene with a certain occupamtyase, distributed aB,. (7), activated

within that phasés(r ,)and using Eq. S3.4 and Eq. S3.7

Max
< tA > KGOTF
Max *
I+ < tA > KGOTF

p, = TDTF (D)G(r)dr = (Eq. S3.9)

Assuming that the the transcription rate for a@tbgene is 0, while it depends on the binding

O (1) for the open genes, the amount of MRNA molecuteslyred

site occupancy a&§r
during a stimulation depends on the trascriptioasgh namely the time lapse between the
gene opening and the end of the binding site ocmpd-or a gene with occupancy phase

the mean transcription phagg€r cdmes from the opening distributidd., (t i) Eq. S3.8

as:

M
— e_KGOTFaxT

#(1) = j D, (t)(r -t)dt = jKG Maxg RO (1 _ )it = 7 -+ (Eq. S3.10)

Max
G F



The mean transcription phase of the populatigy,, , is equal to the expectation value of
¢(r) over the distribution of the occupancy phd3e (7), and explicitely solved as:

<t, > KON
1+ <t, >k OM> "

bro = | D (O =<1, > (Eq. S3.11)

To calculate the mean transcription phase of amep&eng, , we rescaleg,,, with the

fraction of opened genes at the end of the stinarat

4. E% —<t, >. (Eq. $3.12)

The mean amount of protein produced by an openetb,@HROTElN>+, is indeed
Max
proportional to its mean trascrption tinge , to the transcriptional ratS K and to the

. . k
translational efﬁmencyafp :
R

(PROTEIN), =0k, <t, >‘;—P . (Eq. S3.8)

R

Supplementary figureslegends

Supplementary Figure S1. Determination of the distribution for intracellulr-4 positive

cells.

(A) The mean fluorescence intensity (MFI) of thaimsing is the algebric mean of the
fluorescence intensity distribution amdis its standard deviation; in the depicted example
MFI(IL-4)=26AU and o(IL-4)=32AU. Typically, the distribution of the isgpe antibody,
which is used to detect the background auto-flummese, is shaped as the lower peak of the
detection antibody distribution; in the depictedewle MFI(ISO)=5AU an@(ISO)=1.9AU .
The normalized variances (6/MFI)?, is computed and presented for the two distrimstio

(B) To determine the exact percentage of IL-4 pasitells, the distribution of the isotype
control (black curve) is re-scaled to overlap thvdr peak of the normalized distribution of
the detection IL-4 antibody (red curve). The ovepiag area of the two distributions

determines the fraction of cells which do not espri-4, and the complementary area of the
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IL-4 distribution quantifies the positive ones; the depicted example 60% and 40%
respectively.
(C) MFI, standard deviation and normalized variaotcthe positive cells are determined from

the complementary area derived above (B).

Supplementary Figure S2. Accumulation rate of extracellular IL-4 peaks aftdrhours from

the beginning of the stimulation.

IL-4 accumulation kinetics in the supernatant wasasured by ELISA upon re-stimulation
with PMA/lonomycin in wild-type Th2 cells. All measements were normalized to the final
accumulation value of each stimulation. For eaciglsi kinetics, the relative accumulation
rate was determined as the increase in the noreshhzcumulation of extracellular IL-4 at

each hour. Mean and standard deviation of 6 kisetie presented.

Supplementary Figure S3. Estimation of the&inetics rates.

(A) To estimate experimentally,, we used the kinetics of relative IL-4 mRNA upon
stimulation that is also presented in Figure 1Bl (c&cles). If mMRNA degradation is not

regulated but happens because of random encouwmtérspecific enzymes«d; * mRNA),

the mRNA lifetime distributiorD, .., (t) =€™**' gives an average lifetime of mMRNA equal to
Tx EJ'tDmRNA(t)dt =d;" and the mean value of mMRNA molecules decays &s. Then, 7,
0

is the time needed by mMRNA to decrease of a faetbe0.37 from its original value. An

upper bound for the mRNA life time can be estimdtedh the decay time after the peak of
the response, which is reached at hour 3. SincenRRBEA relative signal takes ~120 minutes
to decay from 1 to 0.37, 120 minutes would be ifgetime if mMRNA production would stop
abruptly after reaching the peak. Since such hommge behavior in the population is
unlikely, the true half-life most likely lies belothis value. Analysis of later time points,
when most cells have stopped transcription, yithdsmore realistic value between 90 and 60
minutes. These values are in agreement with previeports [5], and we fixed an mRNA life

time of 90 minutes for all the simulation and thedal analysis.



(B) As in the mRNA case presented above, we assuilmad protein secretion happens

randomly (~d,*PROTEIN), resulting in a protein average lifetime equal to
Tp EJ'te‘dPtdt =d;'. To estimater, , we also used the data presented in Fig. 1B. Ve fi
0

the mRNA data with a spline (MatLab), which we usedit the protein secretion rate to the
kinetics of intracellular and secreted proteintHa fitting procedure, we used a model, where
protein is produced in linear proportion to the mRMvel and secretion is described as a
first-order process. The average protein kineticss ithe solution of

d <PROTEIN >
dt

=k, <mRNA>-d,*<PROTEIN >. The best fit was found for a

secretion rate ofl, =1.4 hour ™, resulting in an average lifetime for intracediuprotein of

~45 minutes. Profile-likelihood method [6] was udedfind the 95% confidence interval

(35min ,60min). In this method, for a parameterirgéresth the log-increaseg(h) of the

mean-square objective functiéi{h), relative to the parameter minimahkg,), is calculated
and rescaled to the number of fitting poiny &nd the 9% quantile of the/>distribution for
one degree of freedomi’( 0.e5=3.841). Asg(h) = nlIn(F (h) = In(F (h,,,,))|/ x?0ss reach the value

1, the 9 confidence interval is found.

Supplementary Figure S4. Data best-fitting for the values of the model pagtersks, ds

and <t,>.

(A) To find the best-fitting values d, ds and 44> we compared the distributions of IL-4
positive cells from 2-weeks-differentiated wildtyp&2 cells (obtained as described in Fig.
S1) with 5000 simulated cells with a conversiontdadrom protein number to fluorescence
intensity of 10*’. We defined an objective function as the ordinaast-squares function of
the positive fraction, mean fluorescence intenaity relative standard deviation at hour 2, 3,
4, and 6 between the considered distributions @l@es in total). With a simulated-annealing
algorithm, we obtained values fég andta normally distributed (Lilliefors test). Profile-
likelihood method, as described in Fig. S3B, cosdinthe parameters in the regiog k
=(0.16,0.4)/ and ¢x>=(1.1,1.5)h [6].

(B) Sinceds was not normally distributed and varied over salverder of magnitude, we
fixed it to an intermediate mean value, 0.62And we varied systematicakg and <> in
the best-fit region. The minimum of the objectiwnétion were found foks=0.23h' and
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<ta>=1.3. The profile-likelihood based method was usedtompute the 95% confidence
intervals of the maximum likelihood parameter esti@s, see Fig. S3B. The 95% confidence
interval arekg = (0.2,0.27)H and <4>=(1.2,1.42)h.

(C) We applied the profile-likelihood method toiesite the upper bound fog=0.06h".

Supplementary Figure S5. Short-term memory in IL-4 induction is cell-cyclediependent.

(A) 1-week-differentiatedl4"il4% Th2 cells were labeled with the proliferation amirker
DDAO and stimulated with anti-CD3/28 and costimatgtsignals for 24 hours, and then
rested, as described in Fig 4A. Either 3 or 5 ddtey first stimulation a fraction of cells were
stimulated for 4 hours a second time with PMA/loryoim/BfA and stained for intracellular
IL-4. As the cell divides, the two daughter celidhibit a halved fluorescence intensity of the
DDAO marker; therefore the level of cell prolifamt is inversely correlated with the level of
DDAO (see “Cell proliferation” arrow). Left paneldntracellular 1L-4 versus DDAO,
measured by flow-cytometry, show that there is aoatation between IL-4 expression and
cell proliferation in early (A) and late (B) secorstimulations (Corr.Coef.<0.05). IL-4
expressing and non-expressing cells are outlinéld ned and blue dotted gates. Right panels:
distributions of DDAO from IL-4 expressing (red énand non-expressing (blue line) cells
exhibit similar fluorescence profile. As high casitfor the DDAO labeling, resting cells at
day 1 were measured (Black line, Dayl). As low oantn aliquot of cells were left DDAO-
unlabeled (grey shadow, no DDAO) and treated eguaalithe cells labelled with DDAO. One

representative experiment out of two is shown.

Supplementary Figure S6. IL-4 Secretion assay.

1-week-differentiated 4149 Th2 cells were stimulated with anti-CD3/28 for8&nd the
IL-4 secretion assay was performed. Right befoeesicretion phase, an aliquot of cells was

removed and stored on ice (A, low control). To festhomogeneous matrix labeling, another
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aliquot was incubated at a high cell density wegbambinant IL-4 (30 ng/ml) at 37°C for 30
min (B, high control). The remaining cells wereubated at a low cell density for 30 min at
37°C (C). Surface-bound IL-4 was stained with a deBpugated antibody. Through
cytometrix sorting the positive (D) and the negafi) fractions were purified. To assure that
surface labeling resulted from IL-4 expressionha same cell an aliquot of cells was fixed
with formaldehyde before the sorting step (F+G)edéncells were stained for intracellular IL-
4 with an APC-coupled antibody (F), to test spetii of the staining, in parallel it was

performed in the absence of saponin (G).

Supplementary Figure S7. The sorted IL-4 positive and negative populatioasdt express
IL-4 after the stimulation period.

1-week-differentiated|4"/i149% Th2 cells were stimulated, sorted for IL-4 andteds(see
“Material and methods” in the main text). 24 hoafter the termination of the stimulation,
sorted IL-4 positive (red line) and negative (bline) cells were stained for intracellular I1L-4,

and for isotype control (grey shadow).

Supplementary Figure S8. The IL-4 capture matrix on the cell surface integtewith the IL-

4 intracellular staining for 2 days after the séoreassay.

Before the secretion assay (Fig. 4C and S6) sotteeveere removed and not labeled with the
IL-4 capture matrix (unlabeled), but were otherwtisated identically to the rest of the cells
(labeled). After the secretion phase and the serfae! staining, cells were sorted, and then
further stimulated and rested as described in#33.The labeled, unlabeled, positive sorted,
and negative sorted cells were stimulated 1, 2 days, as indicated, after the stimulation
period. Stimulation was assessed for 4 hours wilAfonomycin/BfA in the presence of the
IL-4 specific antibody (24G2, 1Q@/ml) that reduces the binding of IL-4 to the captu
matrix present on the cell surface. After stimwlafithe cells were fixed for intracellular
staining and incubated with unlabeled IL-4 specdittibody (11B11) to saturate surface-
bound IL-4. Then IL-4 was stained intracellularlitwvan APC-labeled IL-4 antibody (11B11,
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BD) or with an isotype control antibody. At daydda? the staining signal was stronger in the
labeled fraction compared to the unlabeled celtepagh these samples should produce the
same amount of IL-4, indicating that IL-4 on thdl sarface bound to the capture matrix
interfered with the intracellular staining (compageeen and black lines). Therefore the
capture matrix also resulted in a staining backgdom the sorted cells relative to the isotype
controls (compare blue/red and grey) and intralzellstaining could not be used at day 1 and
2 to compare IL-4 production in the positive and tiegative fraction.

Supplementary Figure S9. Sorted IL-4 negative cells have similar probabilay IL-4

induction than parental cells (Day0), and lowemntttze sorted IL-4 positive cells.

1-week-differentiated|4"/il4% Th2 cells were stimulated for 3.5 hours with CDB&B-
specific antibodies, and IL-4 positive and negatiels were purified using the IL-4 secretion
assay, followed by flow cytometric sorting. Sortkd4 positive and negative cells were
further stimulated for an additional 20 hours aasted (see “Material and methods” of the
main text). After 3, 4 or 5 days in resting corah, the cells were re-stimulated with
PMA/lonomycin/BfA, and IL-4 production was measurey intracellular staining followed
by flow cytometry. The percentage of IL-4 productalls in each population was quantified
as described in Fig. S1. Left panels: IL-4 expasgirofiles for five independent repetitions
(exp.1-5) are presented and used for statisticallysis of the results. Right panel: For each
single repetition, the percentage of IL-4 positoedls at day 3, day 4, and day 5, relative to
the value at day 0, are presented and used to dentpea statistical mean and standard
deviation presented in Fig 4C. By applying a t;tegjnificant differences were found among
the sorted IL-4 positive cells at different daysafMb, P-value<0.05), and between the sorted
IL-4 positive and negative at different days. Omtcary, the sorted IL-4 negative cells were
not significantly different (Matlab, P-value<0.08dm a normal distribution with mean value

1, which is the reference value of day 0.
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Supplementary Figure S10. In the first days after the initial stimulation,-#_extracellular
accumulation was higher in the sorted IL-4 positipepulation than in the negative

population.

1-week-differentiated|4"/il4%° Th2 cells were stimulated for 3.5 hours with CDB&B-
specific antibodies, and IL-4 positive and negatielts were purified using the IL-4 secretion
assay, followed by flow cytometric sorting (see.$i§). Sorted IL-4 positive and negative
cells were stimulated for an additional 20 hourd egsted, (see “Material and methods” of
the main text). After 1 or 2 days in resting cormhis, fractions of cells were re-stimulated
with PMA/lonomycin for 20 hours and IL-4 productiovas measured in the supernatant by
ELISA. The sorted IL-4 positive cells produced sigantly more IL-4 than the negative
cells. Moreover, IL-4 production in the positivellsedeclined from day 1 to day 2 (loss of
memory) whereas it remained similar in the negaftizetion. One representative experiment

out of two is shown.

Supplementary Figure S11. In il4"%i14%% Th2 cells, the expression ib4%® allele is similar in
cell populations previously sorted according to respion or non-expression of thig"

allele.

1-week-differentiated|4"/il4%" Th2 cells were stimulated with anti-CD3/28 for $éurs.
Cells producing and not producing IL-4 from tid" allele were purified using IL-4
secretion assay (Material and Methods). Sorted lpesitive and negative cells were
stimulated for an additional 20 hours and restsdjescribed in Fig. 4C and in Material and
Methods. At day 1, day 2, and day 3 after stimakgtialiquots of sorted IL-4 positive (red
line) and negative (blue line) cells were stimuflateith PMA/ionomycin for 20 hours and
measured with flow-cytometry. To check that GFP wagressedle novo, aliquots of cells

were left unstimulated and measured, verifying GBP was not continuously expressed (day
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1 before stimulus), and any expression seen oregulesit days was due to the stimulation of
the cells. GFP expression was similar in the sotted producers and non-producers,
sometimes with slightly higher GFP expression & srted IL-4 producers than in the non-
producers (e.g., day 2). By comparison, expressidgheil4™ allele was strongly enhanced in
the sorted IL-4 producers, as shown for aliquoteedis stimulated on day 3 for 4 hours with
PMA/ionomycin/BfA and stained for intracellular K{see also Figure S9). An independent
repetition of this experiment also yielded simoarslightly elevated GFP expression in sorted
IL-4 producers versus non-producers, as comparétetstrong enrichment of the sorted IL-4

producers in expression of tHd" allele.

Supplementary Figure S12. Sorted IL-4 positive and negative cells do not atiffin
proliferation rate.

1-week-differentiated 4"il 4% Th2 cells were stimulated with anti-CD3/28 for Bdurs. IL-

4 producing and non-producing cells were purifieging IL-4 secretion assay (see "Materials
and Methods” in main text), labelled with DDAO. &t IL-4 positive and negative cells
were stimulated for additional 20 hours and reg¢se@ “Material and methods” of the main
text). After 3 and 5 days of resting culture, DDAlQorescence intensity were measured with
flow-cytometry in both populations. As the cell Wigs, the two daughter cells have an halfed
fluorescence intensity of the DDAO marker, therefdhe level of cell proliferation is
inversely correlated with the level of DDAO (seeltqproliferation” arrow). Distribution of
the proliferation marker DDAO in sorted IL-4 poséi(red line) and negative (blue line) cells
exhibit similar fluorescence profiles. As contrah unlabelled population treated with same

conditions is presented (grey shadow). One reptaesm experiment out of two is shown.

Supplementary Figure S13. Sorted IL-4 positive and negative populations eirsbmilar

up-regulation of Gata-3 expression.
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1-week-differentiated 4"il49° Th2 cells were stimulated with anti-CD3/28 for &durs.

IL-4 producing (A) and non-producing (B) cells weparified with IL-4 secretion (see fig.
S6) and stimulated for an additional 20 hours awled (see “Material and methods” of the
main text). After 5 days in resting conditions, &8twas measured in sorted IL-4 positive
(red line) and negative cultures (blue line). Oerpresentative experiment out of four is
shown (two repetitions using heterozygdidd"il4% mice [7] and two repetitions wild-type

mice ).

Supplementary Figure S14. Confidence intervals for the chromatin opening raté-week-

and 3-weeks-differentiated wild-type Th2 cells.

We used the same objective function F, as desciibbdelg. S4, and the same parameters
(Table 1) to fit data from (A) 1-week- and (B) 3-eks-differentiated wild-type Th2 cells with

the model simulation, where the chromatin openeig ks was the unique free parameter.
Profile-likelihood based method was used to compliée 95% confidence intervals of the

chromatin opening ratesKor the two sets of data.

Supplementary Figure S15. Correlation between positive fraction and meanenokevel in

case of monoallelic regulation.

The model considers a population of cells carryimp alleles of a certain gene. Upon
stimulation, each allele activates its expressiodependently of the other one with

probability rate p, and a mean protein levél The fraction of cells expressing one allele
(dark grey area) i, =2p,(1- p,) with mean leveP,. The fraction expressing two alleles
(light grey area) i;z;)B=,012 with mean level P. The totalo; fraction of expressing cells
(horizontal axis) is the sum op,, + 0z = o;=p,(2-p,) and the mean protein level is
P=Bpy +2Bp, =2p,F,. The mean protein level per expressing cell
ISP, =Pr/p; =2P,(1-|1- p; )/ p; . FOr a constant productiéh from each allele, an induction
of p, =12% of the population (arrow on 0.12) implies a meaotgn level in the expessing

fraction of P, (12%) =1.03P, , while an induction gb, = 60% (arrow on 0.6) implies a mean
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protein level in the expessing fraction Bf(60%) =1.22P,. Compared to the basic value of a
single alleleP,, the increases in the protein le®el —P,)/P, (black dotted line) for the two

fractions were of 3% and 22% respectively. Betwidese two production levels, the relative
increase of the mean level was ~18%, as presemtibe imain text.
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Maximal IL-4 accumulation rate: ~4 hours
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Normalized cell counts
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Normalized cell counts
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IL-4 extracellular accumulation
upon second stimulation
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Distributions of proliferation marker
in IL-4-sorted cultures
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IL-4 allelic fractions
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Profile-likelihood method for k;
in 1-week-differentiated Th2 cells
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