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Supplementary Note

Supplementary Note 1: Reaction-diffusion simulation of Linker cleavage reactions
of Lag and LTag

A. Schematic of full numerical simulation model
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B. Rate equation

The cleavage of Las was modeled using reactions (a-i) and (a-ii). (a-i) The active division
triggers (Tas1 and Tag2) first hybridize with Lag and intermediate complexes (ItmLag1 and
ItmLag2) are produced. (a-ii) After hybridization, ItmLags and ItmLag2 were hybridized with
Tas2 and Tag1, respectively, and then cleaved into linker DNA particles (Cleaved-Lags and
Cleaved-Lagz) by the strand displacement reaction. Reactions (a-i) are as follows:

khAB

LAB + TABl — ItmLABl B (S 1)
khAB

LAB + TABZ — ltmLABZ ) (S 2)

where ky, . is the rate constant of hybridization between the trigger and Las. Reactions

(a-ii) are as follows:

ItmLAB1 +TAB2 —_- ClVLAB1 + ClVLABZ , (S 3)
kSDAB
ItmLABZ +TAB1 —_- ClVLAB1 + ClVLABZ , (S 4)

where kgp,. represents the rate constant of the strand-displacement reaction for Lag

and ClvL,g; and ClvL,g, are Cleaved-Lag1 and Cleaved-Lag2, respectively.



A time-delay circuit for LTag is modeled by reactions, (b-i) and (b-ii). (b-i) The excess
single-stranded RNAs (ssRNAs), named inhibitor RNAs (RTas1 and Ras2), hybridize with
active division triggers (TTas1 and T'ag2) and generate inhibited triggers (iTTag1 and iT ag2),
respectively. (b-ii) Active division triggers (TTag1 and T'ag2) are generated from inhibited
triggers (iTTag1 and iTTas2) by an enzymatic RNA degradation with RNase H, respectively.
These reactions cause the time delay of the expression of active division triggers, leading
to the delay of LTag cleavage. Reactions (b-i) are as follows:

thNA_

Ttag1 + RTapr — iTTap1, (8.5)
thNA

Ttag2s + RTags — iTTaps, (S.6)

where k.., represents the rate constant of the hybridization reaction between the
active division triggers and the inhibitor RNAs. Reactions (b-ii) are represented using the
Michaelis-Menten model as follows:

kl kcat

iTTap1 + Erg@iT a1Ery — TTap1 + Eru, (S.7)
k,
kl kcat

iTTapz + Erg @iT  Ag2Ery — TTap2 + Eru s (S.8)
k,

where iTT,5,Eryg and iTT5,Ery are the enzyme-substrate complexes; Egy is RNase
H; ki, k,, kcae represent the rate constants of RNase H reaction.

The cleavage reaction of LTas is modeled by reactions (b-iii) and (b-iv) in the same
manner as the cleavage reactions of Lag. Reactions (b-iii) and (b-iv) can be described as

follows:
khAB
LTAB + T-I-ABl — ItmLTABl ) (S 9)
khAB
L-I.AB + TTABZ — ItmLTABZ B (S 10)
kSDAB
ItmLTABl +T+AB2 — ClVLTABl + C]VLTABZ B (S 11)
kSDAB
ItmLTABZ +T+AB1 — ClVLTABl + C]VLTABZ B (S 12)

Based on these chemical reaction equations, the rate equation for each molecule is as

follows:



duLAB

dt = —knypUL,pUT g, ~ KhppULagUTag, - (5.13)
duT
AB1 _ _
dt - khABuLABuTAB1 kSDABuIthABZuTAB1 ) (S 14)
duT
AB2 _ _
dt - khABuLABuTABz kSDABuIthABluTABz ) (S 15)
dulm
tLaB1 _
dt - khABuLABuTAm - kSDABuIthABluTAB2 ’ (S.16)
dulm
tLaBz _
dt - khABuLABuTABz - kSDABuIthABZuTAB1 ’ (S.17)
dug
VLaB1 _
T de Ksp ppUimtLap; UTpp, T KSDppUImtLap, YTap, » (5.18)
duc1
VLaB2 _
T de KsD ppUimtLap; UTap, T KSDppUImtLap, YTap, » (8.19)
duinABl _ kcatcERHuiT+A31 ik ) y (5.20)
dt - K + uipt hrNa “TT Ap1 “RT aB1 :
AB1
it tnge _ _kcatCERHuiTTABZ + Ky Urt, o Ugt (S.21)
- RNA "TTagz "RTaB2 "’ .
dt K, + UiTt gy 2 2
du +
R'AB1 _
at thNAuTTAB1uR+AB1 ’ (5.22)
du +
R'AB2 _
at thNAuTTABzuRTABz ’ (5.23)
Moo _ k 2
dt  hapULtapUTtap; T KhagULt s T sp, 7 (S5.24)
duTTAm _ kaﬂtCERl—luiT’rAB1 u u
- — Rph + t
dt K, + UiTt \ 5, RNA “TTaB1 "RTaB1
_khABuLTABuTTABl - kSDABuIthTABZuTTABl ) (S 25)
duTTABZ _ kaﬂtCERl—luiT’rAB2 u u
- — Rph + t
dt K, + UiTt o5, RNA “TTag2 "RTaB2
_khABuLTABuTTABZ - kSDABuIthTABluTTABZ ) (S 26)
du +
ImtL" Ag1 _
dt - khABuLTABuTTAB1 o kSDABuIthTAgiuTTABZ ’ (5.27)
du +
ImtL" A2 _
dt - khABuLTABuTTABz - kSDABuIthTABZuTTAgl ) (5.28)
du +
ClvL AB1 __
dt - kSDABuIthTABluTTABz + kSDABu[thTABzuTTABl ’ (5.29)



AB2

dt
where uy is the concentration of molecule X', and cg, is the initial concentration of

Dowitm _ k (5.30)
- SDABulthTAgluTTABz + SDABu[thTABzuTTAB1 ’ )

RNase H. K, is the Michaelis-Menten parameter and is described as follows:
k, +k

=2t (S.31)
k1

C. Reaction-diffusion equation
In this simulation, we assumed that the molecules diffused through two-dimensional

space. The diffusion equation for the molecule is as follows:

ou _(0%u N 0%u
ot \ox? = 0y?

where u is the concentration of a molecule, and D is the diffusion coefficient.

) = DV, (5.32)

Considering reaction equations (S.13) to (S.30), the normalized reaction-diffusion
equations are represented as follows:

oty

— pU25 T ~ ~ T ~ ~
FIA KV UL,g khABuLABuTABl khABuLABuTABz ’ (8.33)
iy
AB1 _ ~u2.~ 7 ~ ~ T - -
ot KV UTpp, khABuLABuTABl kSDABuIthABzuTABl ’ (8.34)
Oti
AB2 _ ~o2~ 7 ~ o~ T - -
FI A KV UTpp, khABuLABuTABz kSDABuIthABluTABZ ’ (8.35)
01y
thABl _ ~v2~ I ~ ~ T ~ ~
FY: =KV UimtLag, T khABuLABuTABi - kSDABuIthABluTABZ ’ (8.36)
d1i;
thABZ _ ~2~ T ~ ~ T ~ ~
FY: =KV UimtLap, T khABuLABuTABZ - kSDABuIthABZuTABl’ (8.37)
dlic)
VLAB1 _ ~p2~ 7 ~ ~ 7 ~ ~
ot =KV UClvLpg, T kSDABuIthABluTABZ + kSDABulthABzuTAm ’ (8.38)
0t
VLAB2 _ ~p2~ 7 ~ ~ 7 ~ ~
ot =KV UClvLpg, T kSDABuIthABluTABZ + kSDABulthABzuTAm ’ (8.39)
0.t kcatCry dlrt
iTTAB1 _ o2~ cat“Ery “iTTpp1 | 1 ~ ~
af - KV uiTTABl - k + ﬂ R + thNAuTTABluRTABl ) (S- 4’0)
m iT AB1
oy kcatCry dlrt
iTTAB2 _ ~o2.~ cat*Erg “iT T pp; | 7 ~ ~
af - KV uiTTABZ - k + ﬂ + thNAuTTABZuRTABZ ) (S. 4’1)
m iTTABz
aﬁRTAm 2 7
B RV TRt g, ~ Knpnallrt yg, IR g, - (5.42)



Bl

AB2 _ ~u2a T ~ ~
ot RV TRt pp, ~ KnpnaTlrt g, URT pp, -
aﬂL+AB 5 N -
9F KV ULt g — khABuLTABuTTABi - khABuLTABuTTABZ ’
Oms _ gyeg, 4o Pelttn g g
of TT aB1 I"(’m + ﬁiTTAB1 hrNa ¥TTap1 “RTARs
_khABuLTABuTTAm a kSDABuIthTABzuTTAm !
Otpms _ pgeg g eatlomllntag, po o
ot ' aB2 Em +ﬁiTTABZ PRNA T a2 R a2
_khABuLTABuTTABZ a kSDABuIthTAmuTTABz !
oty .1+
ImtL AB1 _ ~v2.~ T~ ~ ~ 7 ~ ~
af =KV uIthTABl + khABuLTABuTTABl - kSDABuIthTABluTTABZ )
oty .1+
ImtL AB2 _ ~v2.~ I ~ ~ 7 ~ ~
af =KV uIthTABz + khABuLTABuTTABz - kSDABuIthTABZuTTAgi )
ot
ClVL+A31 ~D o~ 7 ~ ~ 7 ~ ~
af =KV uClVLTAgi + kSDABuIthTAgluTTABz + kSDABuIthTABZuTTAgi
ot
ClVL+A32 ~D o~ 7 ~ ~ 7 ~ ~
T =KV uClVLTABZ + kSDABuIthTAgluTTABz + kSDABuIthTABZuTTAgi

(5.43)
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(S.45)

(S.46)

(5.47)

(5.48)

(S5.49)

(5.50)

for which the concentrations, lengths, time, and other parameters were normalized as

follows:
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T _ keat

=), (S.58)
oot thNAuEtotal
- k
kSD = SDap , (S 59)
A thNA
- K
uLtotal

Here, uy is the molecule ‘X’ concentration. u,‘ftotal is the total initial concentration of the
DNA linkers and is defined as

uﬁtotal = uEAB + uETAB , (S.61)
where uEAB and uE*AB are the initial concentration of Lag and L'ag, respectively. [, is

the characteristic length.

D. Numerical Methods
We discretized the reaction-diffusion equation as follows:

gt (o, ;) — % (20, ;)
At

K
=2 (ﬁﬂxiﬂl}’j) + @ (xi—q, y;) + W (i, ygn) + 05 (x5, vi-1)
- 4ﬁ)’§(xi,yj)) +v(...)

(5.62)

where @¥(x;,y;) is the concentration of molecule ‘X’ at time k and position (x;,y;).
v(...) is the reaction term. Ah is the grid spacing. We set up a two-dimensional space
with a side length of L as the entire reaction space. We assumed that a mixed DNA
droplet of radius R existed at the center of the space. An equidistant discretization of
100 points along each dimension was performed, and Ah was defined as Ah =
L/100,where L = L/l, We imposed the periodic boundary condition as the boundary
condition of the entire reaction space. We assumed that the DNA linker molecules always
existed within the droplet area, whereas the other molecules initially existed outside the
droplet area and gradually invaded it. The diffusion coefficients inside and outside the
droplet were setto D;, and D, respectively.

Based on these equations, we performed numerical simulations using Python 3.7. The
reaction-diffusion equations were solved explicitly using the fourth-order Runge-Kutta
Method. We referred to the kinetic parameter values reported in other papers: K, =
3.9 x 107! [uM]"; kcar = 8.2 X 1072 [s7]"; knpy, = knnp = 10 [MM™'s71]% and ksp,, =



6.0 [uM~1s~1]3. The initial concentration of each component is set as follows: uEAB1 =

3713 X 10_1 [HM] ) uFI)‘ABl = u%ABZ = 125 [H‘M] ’ u?thABl = u?thABZ = uglVLAgi =
— . 0 — - . — — . —
UllyLag, = 0 [UM] ; upt, . = 4125x 1072 [uM] ; ”gum = ugfm =0 [uM] ; ”iomm =

0 — -1 . 0 _ .0 .0 .0 _
Wt = 125 X107 WML wp g o =g = UG, = Udy, = 0 [uM]. The

initial concentration of Rf,g; and Rf,g, (ugTABland ungBz) was varied: 0,6.25 x
1072, and 1.25 x 10! [uM]. The normalized initial total concentration of inhibitor RNA
;%tABi/u;%ZBi = (ulg*ABi + uiOT*ABi)/(ug*ABi + uiOT“ABi) is defined. cg,, is also
varied: 4.25x1073,85x10"% and 1.7x1072[uM] , which correspond to

experimental enzyme unit concentrations 1.25x1072,25%x 1072 , and 5.0

EAB=u

1072 [U/uL]? In the simulation, we defined the length parameters as follows: L =
50 [um], lo = 0.5 [um], and R = 15 [um]. We set the diffusion coefficient outside the
droplet Dy, = 6.22 [um?/s]*. Considering the effect of a viscous environment in the
DNA droplet on the diffusiveness of DNA molecules, the diffusion coefficient inside the
droplet was set as D;, = 0.35 [um?/s] based on previous research®. For simplicity, we
neglected the difference in the diffusion coefficients with respect to the length of the DNA.
In a previous study, we observed a sigmoidal curve for the division ratio of a mixed DNA
droplet®; thus, we assumed a cooperative model for the relationship between the division
ratio and concentration of uncleaved linker DNAs. In this simulation, we defined the
division ratio of a mixed DNA droplet rg;, using the Hill function as follows:
H(W) — Hin

o = ¥/~ Tmin S.63
div Hmax - Hmin ( )
n
H(w) = T rwn’ (S.64)
w= ﬁLAB + ﬁlthABl + ﬂlthABz + ﬁLTAB + 1Ilth’fABl + 1~lIth’fABz ’ (S.65)

where K is the threshold concentration of the uncleaved linker for A:B-droplet division
and n is a cooperativity coefficient to express the switch-like dependence of division on
the uncleaved linker concentration w. Hy,,x and Hp;, are the maximum and minimum
values of H(w), respectively. n was varied between 2, 4, 8, 16, 32. K was varied
between 0.01, 0.05, 0.10.



Supplementary Note 2: Reaction-diffusion simulation of Linker cleavage reactions
of LTAB and LTAc

A. Reaction-diffusion equation

Reaction-diffusion equations of the time-delay circuit and the cleavage reaction for LTag
are (S.40)~(S.50). Chemical reactions for the time-delay circuit and cleavage reaction
of LTac are expressed in the same way as the chemical reactions for LTas. The reactions
are as follows:

t L -
T'Ac1 + R'act — iTTac1, (S.66)
thNA
Ttacz + Rac; —  iTTac2, (5.67)
kl kcat
iTTac1 + Eru@iT ac1Ern — TTac1 + Eru, (5.68)
k,
kl kcat
iTTaco + Eru 21T ac2Er — TTac2 + Eru (5.69)
k,
khAC
LTAC + TTAC1 —_ ItmL-I-AC1 B (S 70)
khAC
Lfac + TTpcs — ItmLt,c,, (5.71)
ItmL-l-Acl +T1.AC2 — ClVL-I.Acl + ClVLTACZ , (S 72)
Ksp e
ItmLTACZ +T1.AC1 —_ ClVL-I.Acl + ClVLTACZ . (S 73)

where iTT5ciEry and iTT,c,Ery are the enzyme-substrate complexes; ky,. is the
rate constant of the hybridization between division triggers and L'ac; ksp,. is the rate
constant of the strand displacement of LTac.
Based on these chemical reaction equations, the normalized reaction-diffusion equations
for the time-delay circuit and cleavage reactions of L'ac are described as follows:

o1,

iTMact _ o2 kcatEERH aiTTAm 7 ~ o~
af - KV uiTTACl - R” + —':l R + thNAuTTACluRTAcl ) (S- 74)
m iT AC1
Ol kcatCepy tipt
iT'Ac2 _ ~o2-~ Cat“ERH T ac2 | ¢ ~ ~
af - KV uiTTACZ R” + —':l R + thNAuTTACZuRTACZ ) (S- 75)
m iT AC2

10



aﬂRf

AC1 _ 2.~ T ~ ~
ot kv URt aca thNAuTTAmuRTAm ’
0yt
R'ac2 _ ~v2~ = - -
A kv URt acz thNAuTTAczuRTAcz ¢
aﬁLfAC 5 5 5
oF kv Uptae ~ khACuLTAcuTTAm a khACuLTAcuTTAcz ’
Oriaes _ eyzg,  pretmlintag g
oF T act K +i hrna YTT a0t “RT act
m iTTACl
_khACuLTAcuTTAm - kSDACuIthTAczuTTAm ’
Orice _ gyrgy gl oo
oF T ac2 K +1i hrna YTT a2 “RT ac2
m iTTACZ
_khACuLTAcuTTAcz - kSDACuIthTAmuTTAcz ’
ot t
ImtL AC1l _ ~v2.~ T~ ~ ~ 7 ~ ~
af - KV u]l’l’ltLTAcl + khACuLTACuTTAcl kSDACuIthTAcluTTACZ ’
ot t
ImtL AC2 _ ~v2.~ T~ ~ ~ 7 ~ ~
ot =KV Upmetye, T khACuLTAcuTTAcz kSDACuIthTAczuTTAm ’
0Ty t
ClvL AC1 _ ~v2.~ T~ ~ ~ 7 ~ ~
ot =KV UewLt acs + kSDACuIthTAmuTTAcz + kSDACuIthTAczuTTAm ’
0Ty t
ClvL AC2 _ ~v2.~ T~ ~ ~ 7 ~ ~
ot =KV UewLt ac, + kSDACuIthTAmuTTAcz + kSDACuIthTAczuTTAm )

(S8.76)

(8.77)

(5.78)

(5.79)

(5.80)

(5.81)

(5.82)

(5.83)

(S.84)

We normalized the concentrations, lengths, times, and other parameters similarly to

(S.51)~(S.60). Here, we defined

0 — 5,0 0
uLtOtal - uLTAB - uLTAC ’

(S.85)

where uE*AB and uE*Ac are the initial concentration of LTag and L'ac, respectively.
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C. Numerical Methods

The numerical method used for the simulation was the same as that described in
Supplementary Note 1 D. We used the kinetic parameter values reported in other papers:
Kn =39 %107 [uM] 5 kear = 82X 1072 [s71] ; kngys = Knye = 10 [uM™'s7'] ; and
ksp,. = 6.0 [uM~'s™]. ky, . was varied as 1.0 x 107%,1.0,10 [uM™'s™*]. kgp,, was
also varied as 6.0 X 1072,6.0 x 1071,6.0 [uM~1s~1]. The initial concentrations of triggers
and inhibitor RNAs varied, as shown in Supplementary Table 11. The normalized initial

i ; ihi ~ _ .,,tot tot — 0 0 0
total concentration of inhibitor RNA Cap = upt /urt = = (Upsr, g, )/ (Upt,
0 tot _ .0 0 : P .
uiT*ABi)’ where Upt m = URtpg T Wit g, 1S the initial total concentration of excess and

hybridized inhibitor RNAs, and u%oftAB, =ud +u?T’fAB- is the initial total concentration
tot / tot

TT ABi
— 0 0
Rfaci/ “TTaci — (uRTACi + uiTTAcL‘)/
(ur, ., + e, )- The initial concentrations of DNA linker particles are fixed as follows;
L l

— -1 . 0 —.,0 _ ,,0 _ ,,0
C - 80 X 10 [IJ.M] ’ u]thTABl - uIthTABz - uClVLTABl - uCle"'ABZ -

0 [uM]. cgy,, isfixedat 8.5 x 1072 [uM],

of active and inhibited triggers. Similarly, ¢xc = u

u? —

u L-]-A

0 —
Ltag —
u?th’rAm = u?thTAcz = ugle’rAm = ugleTAcz =
which correspond to experimental enzyme unit concentrations 2.5 x 1071 [U/uL]. The
length parameters are set as follows: L =125[um], [, =125[um], and R =
18.75 [um] . Dy, and D;, was set as 6.22 and 0.35[um?/s], respectively. For
simplicity, we neglected the difference in the diffusion coefficients with respect to the

length of DNA. We defined the division ratio of B-droplets, ry4;, g, and C-droplets, ryiy c,

as follows:
Wag = Upt, Uyt T Uit ,p, - (S.86)
WAC = ﬂLTAC + althTAcl + ﬂlth-]-Acz ) (S- 87)
KAB
—__"4AB S.88
f(WAB) KXB + WKB ( )
Kixc
IWad) = (5.89)
Kxc + wic
W —_— .
Tdiv B = f( AB) fmln , (590)
fmax - fmin
W — .
Tdiv.c = g( AC) Imin ’ (S 91)

Imax ~ Ymin
where Kpg and K, are the threshold concentrations of the uncleaved linker for A-B-
droplet division and A-C-droplet division, respectively. n is a cooperativity coefficient
that expresses the switch-like dependence of division on the uncleaved linker
concentrations. fi.x and fnin are the maximum and minimum values of f(w,g),

respectively. gmax and gmin denote the maximum and minimum value of g(wuc),

12



respectively. n was varied as 2, 4, 8, 16, 32. K,z and K, were varied as 0.1, 0.5, and
0.9.
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Supplementary Note 3: Measurement of a division ratio in the experiment

The fluorescence images in the 6-FAM, Alexa405, and Cy3 channels were converted to
binary images using Fiji’, and the droplet regions were distinguished from other regions.
The division ratio for B-droplet division, ry;, g, Was defined as follows: rg;, g =1—
Neoic aB/Niotal B» Where Nigar g IS the sum of the number of pixels in the droplet regions
in the Alexa 405 channel; N o ap iS the sum of the number of pixels that are droplet
regions in both the 6-FAM channel and the Alexa405 channel. In addition, the division
ratio for C-droplet division, rg;y, ¢, was defined as follows: rgiy ¢ = 1 — Neoic ac/Neotal ¢
where Ny ¢ IS the sum of the number of pixels in the droplet regions in the Cy3
channel and Ng, . ac is the sum of the number of pixels that are droplet regions in both
the 6-FAM and Cy3 channels. We measured the time course of rg;, g in Figures 4c and
4d and that of both 745, g and rg;y ¢ in Figure 7a.

14



Supplementary Figures
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Supplementary Figure 1. Time course of total DNA linker concentration in the
reaction-diffusion simulation (a) Upon decreasing RNase H concentration, cg,,, the
cleavage rate of total DNA linker gets more slowly. ¢ g was fixed at 1.5. (b) Upon
increasing Inhibitor RNA concentrations, ugTABland ug*ABz’ the cleavage rate of total
DNA linker is slowed. cg,,, was fixed at 2.5x102 U/uL. These results suggested that the
cleavage rate of total DNA linker can be regulated by tuning cg,,, or ungBi (i =1, 2).

Source data are provided as a Source Data file.
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Supplementary Figure 2. Time course of the division ratio rqiv in the reaction-
diffusion simulation. Time courses of rsiv at n = 2 (a), 4 (b), 8 (c¢), 16 (d), and 32 (e).
For each condition, the value of K was changed to 0.01, 0.05, and 0.10. In all results, we
consistently observed the trend of the increasing rate of rsw become slow when
increasing ungBi (i =1, 2) or decreasing cg,,. Source data are provided as a Source
Data file.
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Supplementary Figure 3. Time-lapse images of C-A-B-droplet division at several
RNA conditions (i)-(v). More than four independent fields of view were observed with

similar results.
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Supplementary Figure 4. Time difference At at each of five RNA conditions in the
reaction-diffusion simulation when k,, /ky, = ksp,,/ksp,. = 1.0. AC = (i) 1.25,
(i) 0.5, (iii) -0.5, (iv) -1.0, and (v) -1.25. n = 16. Source data are provided as a Source
Data file.
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Supplementary Figure 5. Time difference At at each of five RNA conditions in the
reaction-diffusion simulation when k,, /ky, = ksp,,/ksp,. = 0.1. AC = (i) 1.25,
(i) 0.5, (iii) -0.5, (iv) -1.0, and (v) -1.25. n = 16. Source data are provided as a Source
Data file.
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Supplementary Figure 6. Time difference At at each of five RNA conditions in the
reaction-diffusion simulation when ky, /ky,. = ksp,,/ksp,. = 0.01. AC = (i) 1.25,
(ii) 0.5, (iii) -0.5, (iv) -1.0, and (v) -1.25. n = 16. Source data are provided as a Source
Data file.
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Supplementary Figure 7. Time difference At at each of five RNA conditions in the
reaction-diffusion simulation. A¢ = (i) 1.25, (ii) 0.5, (iii) -0.5, (iv) -1.0, and (v) -1.25.
5/ kny. = kspyp/ksp,. = 0.1 and n=2(a), 4 (b), 8 (c), 16 (d), and 32 (e). Source data
are provided as a Source Data file.
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Supplementary Tables

Supplementary Table 1: Sequences of Y-shaped DNA nanostructures. Bold font

represents the sticky end sequence. Complementary stem sequences are represented

in the same color.

Name Sequence (5°—3°)

Yai GCTCGAGC TTGTCGTAGCATCGCACC
Yaz GCTCGAGCCAACCACGCCTGTCCATT

Yas GCTCGAGCGGTGCGATGCTACGACTTTGGACAGGCGTGGTTG

Ya: 0_FAM [FAM]-CAACCACGCCTGTCCATT

Y1 CTCGCGAGAAAGGAACTCTCCGCGTTGACAAAGCCGACACGT
Ya2 CTCGCGAGGCCTCTGTGTCGCATCTTCGCGGAGAGTTCCTTT
Y3 CTCGCGAGACGTGTCGGCTTTGTCTTGATGCGACACAGAGGC

Yo 0 Alexa405

[Alexa405]-GCCTCTGTGTCGCATCTTCGCGGAGAGTTCCTTT

Yci

Y2

Ye3

Yo 0 Cy3

CAGCGCTG TTATGAACCTAGTGTGGC
CAGCGCTGGCCACACTAGGTTCATTT
CAGCGCTG TT

[Cy3]-GCCACACTAGGTTCATTT
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Supplementary Table 2: Sequences of 6-branched DNA linkers. Bold font represents

the sticky end sequence. The underlined sequence represents the Toehold sequences.

Complementary stem sequences are represented in the same color.

Name Sequence (5°—3’)

Lagi GCTCGAGCCACGACCGACGCCACGCCGAGTTT

Lapz GCTCGAGC TT

Laps GCTCGAGC TTAATGGATTTTTGGA

Laps CTCGCGAGCCTGCTCCAAAAATCCATTTTTGCGAAATTGATGGCTGC
Lags CTCGCGAGGCAGCCATCAATTTCGCATTCGGTCACATAACTGGAGA
Lags CTCGCGAGTCTCCAGTTATGTGACCGTTACTCGGCGTGG

L'agi GCTCGAGC TTCCCCGGGCCGGT

L'z, GCTCGAGC TT

L'ass GCTCGAGCIGAGGGAC TT

L'ass CTCGCGAGGCTGGACTAACGGAACGGTT

L'ags CTCGCGAG TTCCGTTCCGTTAGTCCAGC
L'ass CTCGCGAGCGGCGCGACCGGCCCGGGGTT

L'aci GCTCGAGCAATGGATTTTTGGAGCAGGTT

L'acc GCTCGAGC TT

L'acs GCTCGAGC TTCACGACCGACG

L'acs CAGCGCTGACTCGGCGTGGCGTCGGTCGTGTTTGCGAAATTGATGGCTGC
L'acs CAGCGCTGGCAGCCATCAATTTCGCATTCGGTCACATAACTGGAGA
L'ace CAGCGCTGTCTCCAGTTATGTGACCGTTCCTGCTCCAAAAA
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Supplementary Table 3: Sequences of division triggers and Inhibitor RNAs. Tas1, Tasz,
TTAB1, TTAsz, TTAc1, and TTAcz are DNA sequences. RTAB1, RTABQ, RTAc1, and RTAcz are RNA

sequences. The underlined sequence represents the Toehold sequences. Here, the

sequences of RTas1, RTag2, RTac1, and Rfac2 are the same as miR-6875-5p, miR-4634,
miR-1246, and miR-1307-3p, respectively.

Name Sequence (5°—3’)

Tab1 GCAGG

Tas2 ACTCGGCGTGGCGTCGGTCGTG
T aB1 GTCCCTCA
T an2 CCCCGGGCCGGTCGCGCCG
Rasi UGAGGGAC

Rap: CGGCGCGACCGGCCCGGGG
Tt CCTGCTCCAAAAATCCATT

Tt aco CACGACCGACGCCACGCCGAGT
Rfacy AAUGGAUUUUUGGAGCAGG
Rfac ACUCGGCGUGGCGUCGGUCGUG
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Supplementary Table 4: Strand concentrations of A-B-droplet

Concentration

Name At annealing After dilution After adding
the mixture

Yai 5.0 uM 2.5 uM 1.25 uM

Yaz 4.5 uM 2.25 uM 1.125 uM

Yas 5.0 uM 2.5 uM 1.25 uM

Ya2_0_ FAM 0.5 uM 0.25 uM 0.125 uM

Y 5.0 uM 2.5 uM 1.25 uM

Yg2 4.5 uM 2.25 uM 1.125 uM

YB3 5.0 uM 2.5 uM 1.25 uM

Yg2_0_Alexa405 0.5 uM 0.25 uM 0.125 uM
Lasi 1.65 uM 0.825 uM 0.4125 uM
Lag2 1.65 uM 0.825 uM 0.4125 uM
Lag3 1.65 uM 0.825 uM 0.4125 uM
Laga 1.65 uM 0.825 uM 0.4125 uM
Lass 1.65 uM 0.825 uM 0.4125 uM
Lags 1.65 uM 0.825 uM 0.4125 uM

25



Supplementary Table 5: Strand concentrations of A:B-droplet

Concentration
Name At annealing After dilution After adding
the mixture
Yar 5.0 uM 2.5 uM 1.25 uM
Y a2 4.5 uM 225 uM 1.125 pM
Ya3 5.0 uM 2.5 uM 1.25 uM
Ya2 0 FAM 0.5 uM 0.25 uM 0.125 uM
Y1 5.0 uM 2.5 uM 1.25 uM
Y2 4.5 M 225 uM 1.125 pM
Y3 5.0 uM 2.5 uM 1.25 uM
Ya2 0 Alexad05 0.5 uM 0.25 uM 0.125 uM
Lagi 1.485 uM 0.7425 uM 0.37125 uM
Lag2 1.485 uM 0.7425 uM 0.37125 uM
Lags 1.485 uM 0.7425 uM 0.37125 uM
Laps 1.485 uM 0.7425 uM 0.37125 uM
Lags 1.485 uM 0.7425 uM 0.37125 uM
Lass 1.485 uM 0.7425 uM 0.37125 uM
Lf a1 0.165 uM 0.0825 uM 0.04125 uM
L' aB2 0.165 uM 0.0825 uM 0.04125 uM
L' a3 0.165 uM 0.0825 uM 0.04125 M
L a4 0.165 uM 0.0825 uM 0.04125 uM
L' aps 0.165 uM 0.0825 uM 0.04125 M
Lfags 0.165 uM 0.0825 uM 0.04125 uM
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Supplementary Table 6: Strand concentrations of C-A-B-droplet

Concentration

Name At annealing After adding

the mixture
Yai 1.0 uyM 0.4 uM
Yaz 0.9 uM 0.36 uM
Ya3 1.0 uyM 0.4 uM
Ya2_ 0 FAM 0.1 uM 0.04 uM
Ysi 1.0 uyM 0.4 uM
Y2 0.9 uM 0.36 uM
Ys3 1.0 uyM 0.4 uM
Yr2 0 Alexa405 0.1 uM 0.04 uM
Yci 1.0 uyM 0.4 uM
Y 0.9 uM 0.36 uM
Y3 1.0 uM 0.4 uM
Y2 0 Cy3 0.1 uM 0.04 uM
|BUNY 2.0 uM 0.8 uM
LfaB2 2.0 uM 0.8 uM
L3 2.0 uM 0.8 uM
L a4 2.0 uM 0.8 uM
Lps 2.0 uM 0.8 uM
LABs 2.0 uM 0.8 uM
Lfaci 2.0 uM 0.8 uM
Liac 2.0 uM 0.8 uM
Liacs 2.0 uM 0.8 uM
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Liaca 2.0 uM 0.8 uM
LTAcs 2.0 MM 0.8 MM

LTAcs 2.0 MM 0.8 MM
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Supplementary Table 7: Strand and enzyme concentrations in a trigger mixture for the

timing-controlled division experiment

Concentration

Name Before mixing with After mixing with

the droplet sample the droplet sample
TaBi 2.5 uM 1.25 uM
Tap2 2.5 uM 1.25 uM
SN 0.25 uM 0.125 uM
T aB2 0.25 uM 0.125 uM
RaBi 0.25/0.375/0.5 uM 0.125/0.1875/0.25 uM
Rap: 0.25/0.375/0.5 uM 0.125/0.1875/0.25 uM

Thermostable RNase H 0.025/0.05/0.1 U/uL 0.0125/0.025/0.05 U/uL

MgCl, 3mM 1.5 mM
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Supplementary Table 8: Strand and enzyme concentrations in a trigger mixture 1 for
the division through Pathway 1

Concentration

Name Before mixing with After mixing with

the droplet sample the droplet sample
T aB1 4 uM 2.4 uM
T a2 4 uM 2.4 uM
Rai 5 uM 3uM
Rap: 5 uM 3uM
T'aci 4 uM 2.4 uM
Tfac2 4 uM 2.4 uM

RNase H 0.417 U/puL 0.25 U/uL

MgCl, 2.5mM 1.5 mM
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Supplementary Table 9: Strand and enzyme concentrations in a trigger mixture 2 for
the division through Pathway 2

Concentration

Name Before mixing with After mixing with

the droplet sample the droplet sample
T'aBi 4 uM 2.4 uM
T a2 4 uM 2.4 uM
Tfaci 4 uM 2.4 uM
Tfac2 4 uM 2.4 uM
Riaci 5uM 3 uM
Riac2 5uM 3 uM

RNase H 0.417 U/uL 0.25 U/uL

MgCl, 2.5 mM 1.5 mM
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Supplementary Table 10: Strand and enzyme concentrations of trigger mixture for the

experiment of mMiRNA sequences concentration comparator

Concentration after mixing with the droplet sample

1) (2) 3) “4) 5)

EAB =1.25 EAB =1.25 EAB =0.75 Cag =0.25 Cag =0
Name EAC =0 Z'AC =0.75 Z'AC =1.25 Z‘AC=125 Z‘AC=125

A€ =1.25 A€ =050 AT = —0.50 A¢ = —-1.00 A¢ = —1.25

¢ =125 ¢ =2.00 ¢ =2.00 ¢ =1.50 ¢ =125
T aB1 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
T aB2 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
Tfaci 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
T ac2 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
Ragi 3 uM 3 uM 2.25 uM 0.75 uM 0 uM
Riam2 3 uM 3 uM 2.25 uM 0.75 uM 0 uM
Rfac 0 uM 2.25 uM 3uM 3uM 3uM
Rfac2 0 uM 2.25 uM 3uM 3uM 3uM

RNase H 0.25 U/uL 0.25 U/uL 0.25 U/uL 0.25 U/uL 0.25 U/uL

MgCl, 1.5 mM 1.5 mM 1.5 mM 1.5 mM 1.5 mM
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Supplementary Table 11: Concentrations of division triggers and inhibitor RNAs for the

reaction-diffusion simulation

Concentration
1) (2) 3) “4) 5)

EAB =1.25 EAB =1.25 EAB =0.75 EAB =0.25 CAB —
Name EAC =0 Z'AC =0.75 Z'AC =1.25 Z‘AC=1-25 Z‘AC=125

AT =1.25 AT =050 A€ = —0.50 A€ = —1.00 A¢ = —1.25

¢ =1.25 ¢ =2.00 ¢ =2.00 ¢ =1.50 ¢ =1.25
T aB1 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
T aB2 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
Tfaci 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
T ac2 2.4 uM 2.4 uM 2.4 uM 2.4 uM 2.4 uM
Ragi 3 uM 3 uM 2.25 uM 0.75 uM 0 uM
Riam2 3 uM 3 uM 2.25 uM 0.75 uM 0 uM
Rfac 0 uM 2.25 uM 3uM 3uM 3uM
Rfac2 0 uM 2.25 uM 3uM 3uM 3uM
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