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Cell cycle model

The main regulator of the cell cycle in budding yeast is a cyclin-dependent protein kinase (Cdc28)
that is constitutively expressed but periodically activated and inhited during progression through
the cell cycle. Cdc28 forms an active kinase by binding to two families of cyclin partners, Clnl-3
and Clb1-6, each of which is synthesized and degraded in different phases of the cell cycle. In
early G1 phase, CIn3 is the only available partner of Cdc28. As a newborn cell grows, the hetero-
dimer of Cln3:Cdc28 accumulates until the cell reaches a critical size, when there is sufficient
Cln3:Cdc28 (and a back-up protein, Bck2) to activate the transcription factors SBF and MBF.
These transcription factors are responsible for the production of Cln2 and Clb5, respectively. Cln2
accumulation induces emergence of the bud and Clb5 initiates DNA synthesis.

In G1 phase the cyclin-dependent kinase inhibitors (CKI), Sicl and Cdc6, are in high abundance,
and they inhibit the activity of Clb5:Cdc28. However, as the activity of Cln2:Cdc28 increases, these
inhibitors get phosphorylated and degraded by the SCF-proteosome pathway. As a result Clbb

accumulates to initiate DNA synthesis (S phase). Clb2 is the cyclin responsible for driving the



cell into mitosis (M phase). As CKls are removed, Clb2 level rises because Clb2 activates its own
transcription factor Mcm1 in an autocatalytic reaction. Rising Clb2:Cdc28 activity phosphorylates
and inactivates the transcription factors SBF and MBF. In telophase, Clb2 must be degraded below
a threshold so that the cell can exit mitosis and return to G1 phase. Clb2 degradation is initiated
by two proteins, Cdc20 and Cdhl. Cdc20 has been kept inactive in the early stages of mitosis
by the ‘mitotic checkpoint complex’. When all chromosomes are properly aligned on the mitotic
spindle, Cdc20 becomes active and facilitates the degradation of Clb2.

Moreover, as a yeast cell exits mitosis, Cdhl is activated by a phosphatase, Cdcl4, which has
been sequestered in the nucleolus by binding to Netl. After full chromosome alignment on the
metaphase plate, first Teml and then Cdcl5 become active. Cdcl5 phosphorylates Netl, which
leads to the release of Cdcl4. Next, Cdcl4 activates Cdhl (which takes over for Cdc20 as the
primary initiator of Clb1-6 degradation in G1), and Cdcl4 also activates the transcription factor,
Swib, for production of CKls in G1 phase. In this way the scene is set for the cell to return to G1

phase, when the CKIs are abundant and all cyclins (except for Cln3) are out of the picture.



Variables, equations, reactions and parameter values

Table S1. Variables and initial values. Except for mass which is a normalized (dimensionless)
variable, all other variables are based on number of molecules per cell. Initial values are given
for all variables that are governed by differential equations. Some other variables are expressed in

algebraic functions of the time-dependent variables, so their initial values are not listed here.

Variable Description Initial value
mass Indicator of cell size (dimensionless) 1.04
Cln2 Total cyclins Clnl and Cln2 (represented as Cln2 in the 21
model)
Clb5 Active forms of cyclins Clb5 and Clb6 (represented as Clb5 48
in the model)
Clb2 Active forms of Clbl and Clb2 (represented as Clb2 in the 233
model)
Sicl A stoichiometric inhibitor of Cdc28/Clb2 and Cdc28/Clb5 8
SiclP Phophorylated form of Sicl 6
C2 A complex formed by CIb2 and Sicl 149
Ch A complex formed by Clb5 and Sicl 32
C2P Phophorylated form of C2 31
C5P Phophorylated form of C5 6
Cdc6 A stoichiometric inhibitor of Cdc28/Clb2 22
Cdc6P Phophorylated form of Cdc6 11
F2 A complex formed by Clb2 and Cdc6 66
F5 A complex formed by Clb5 and Cdc6 0
F2P Phophorylated form of F2 26
F5P Phophorylated form of F5 0




Swib Transcription factor for Sicl and Cdc6 613
Swibp Total Swib 634
APC Anaphase Promoting Complex 285
APCP Active (phosphorylated) form of APC 16
Cdc207 Total Cdc20 4059
Cdc20A Active form of Cdc20 (an APC partner) 752
Cdh1T Total Cdhl 1273
Cdh1 Active Cdhl (an APC partner) 895
Tem1 A GTP-binding protein 1140
Tem1p Total Tem1 1166
Cdclb A kinase required for nuclear division 342
Cdcl57 Total Cdclb 518
Cdc14 A phosphatase required for mitosis exit 121
Cdcl4r Total of Cdcl4 607
Netl A stoichiometric inhibitor of Cdc14 7
Netlp Total Netl 838
Net1P Phosphorylated form of Netl -
RENT A protein complex of Netl and Cdcl4 that regulates nucle- 324
olar silencing and telophase
RENTP Phosphorylated form of RENT -
Cdcbhb Active form of CDC55 phosphatase 1161
Espl A protein required for sister chromatid separation 9
Esplr Total Espl 42
Pdsl A stoichiometric inhibitor of Espl 2




ORI An auxiliary variable representing proteins that signal the 2374
onset of DNA synthesis
BUD An auxiliary variable representing proteins that initiate a 0
new bud
SPN An auxiliary variable representing proteins that signal the 0
alignment of all chromosomes
SBF Transcription factor for Cln2 -
SBFT Total SBF 527
MBF Transcription factor for Clb5 -
MBF Total MBF 442
Mcm1 Transcription factor for Clb2, Cdc20 and Swib -
Mcmlp Total Mcm1 10363
CIn3 A Gl-cyclin initiating START events 50
Bck2 A back-up protein initiating START events 25
Clb5 Total Clb5 -
Clb2p Total Clb2 =
Siclt Total Sicl =
Cdcbr Total Cdc6 =
CKlt Total cyclin inhibitors Sicl and Cdc6 -
mCdhl Cdh1 messenger RNA 4
mTeml Tem1 messenger RNA 2
mCdclb Cdcl5 messenger RNA 2
mCdcl4 Cdcl14 messenger RNA 6
mNetl Netl messenger RNA 3




mCdcbb

CdcH5 messenger RNA

mEspl

Espl messenger RNA

mSBF

SBF messenger RNA

mMBF

MBF messenger RNA

mMeml

Mcm1 messenger RNA

mAPC

APC messenger RNA

mCln2

CIn2 messenger RNA

mClbb

Clb5 messenger RNA

mC1b2

mSicl

Clb2 messenger RNA

Sicl messenger RNA

mCdc6

Cdc6 messenger RNA

mSwib

Swib messenger RNA

mCdc20

Cdc20 messenger RNA

mPdsl

Pdsl messenger RNA




Table S2. Equations.

dmass __ .
A = kg - mass

dein2 — (kg na * Cln2 - mass + kf o - <2 . SBF) - mass - mCIn2 — kapna - Cln2 + kg - Cin2

Csbf

dcdibs) = (l{:éb5 - Celbs - MASS + kg,bs . i“bf’ - MBF) - mass - mC1b5 + (ka3 c1 - C5P + kgips - C5) +

(kd37f6 - F5P + kdi7f5 S F5) (Vd b5 + _Fasbs Sicl + _Fasts Cdcﬁ) - Clb5 + /{Zg - C'lb5

Csic1-Mass Cedeg MAss

dc(;ltbg (k:é b Celb2 - mass + k! b2 Ccri‘ﬂ -Mcml) - mass - mCU1b2 + (kgzc1 - C2P + kqip2 - C2) +

(kdg’f(} - 2P + defQ . F2) (Vd b2 + _Fasbz Sicl + _Fas2 Cdcﬁ) -Clb2 + kg - Clb2

Csic1:Mass Cede6 Mass

d‘?ﬁd = (K. 1 " Gsicl - Mass + k! CS‘“ - Swib) - mSicl + (Vap2 + kdip2) - C2P 4+ (Vaps + kdips) -

SCC

C5P + —2t . Odeld - SiclP — (—2222 . O1p2 4 —Fosb5 . O1p5 4 Vi, o) - Sicl + kg - Sicl

Ccdcl14a-Mmass Cclb2°-Mass Cclb5"Mass

dSiclP — v - Sicl — (22 Odeld+ kgg 1) - SiclP + Vo - O2P + Vi ps - O5P + kg - Sic1P

Ccdc14:-™Mass

doy _ _Kesbs . o)pg. Gicl + Pl Cde1d - C2P — (kaipe + Vipz + Vipel) - C2 + kg - C2

dt Cclb2:Mass Cedc14°Mass

dTCE) — _kasbs CIb5 - Sicl + _koper Cdcl4 - C5P — (kdj’b5 + Vaps + Vkp,cl) 05+ kg -CH

Cclbs  MASS Cede14°MASS

O — Vo1 - C2 — (=222 . Odel4 + kaz 1 + Vapa) - C2P + kg - C2P

Ccdcl14-Mmass

9O — Viper - C5 — (=22 . Odeld + kaz 1 + Vaps) - C5P + kg - O5P

Ccdcl14-Mmass

% = (K. f6"Cedc6” mass+k‘s 6 ECdCG Swz5—|—k;”t~6 ngCG SBF)-mCdc6+(Vapat+kair) F24+(Vaps+

ki) Fo+ 2288 . Ode14-CdeBP — (22 Clb2+ —252 . CIb5+ Vi g5) - Cdcb + k- Cdch

Cede14-MASS b2 Mass ‘mass

—LFepts . Cde144 kg g5) - Cdc6P + Vi pa - F2P + Vi 5 - F5P + kg - Cdc6P

Cedel4°MAss

dCdCGP Vkp e Cdc6— (

dFg _ s Clho. Cde6 + —22 . Cdcld - F2P — (kaip + Vapz + Vipys) - F2 + kg - F2

dt Cclb2°Mass Cede14-Mass

b5 _ _Fests . O1p5 . Cde6 + —22 . Cdel4 - F5P — (kaigs + Vaps + Vipss) - F5 + kg - F5

Cclbs MasSs Cedel4 -MAass

dEP _ it F2 — (=225 Odel4 + kag g6 + Vipz) - F2P + kg - F2P

Ccdcl14-Mass

EEL = Vipys - F5 — (o220 - Cdcld + ks g6 + Vaps) - F5P + ki - F5P
dSEUt%T = (k; swi ~ Cswib * TaASs + kgsw1 ’ ccrzcﬁ ’ Mcml) -mSwid — kd,swi - SwidT + kg : SUMJ5T

dSwWid — (k! .. cowis - mass + k- <95 Meml) - mSwib + & Cdcl4 - (Swibt —

dt s,SWi S,SWi  Cmem1 c14-Mass

Swib) — (kaswi + —22 . C1b2) - Swib + kg - Swib

Cclb2-Mass

(continued)



Table S2. (continued)

.Lape | . _
dAPCP _ ka,apc b2 Clb2-(APC—-APCP) ki apc-Capc-mass-APCP + kg . APCP

dt T Ja,apc-Capcmass+APC—APCP ~ J; apcCapcmass+APCP

e <20 (KL 20 * Cede2o - Mass + kg oq - 920 - Meml) - mCde20 — kq 29 - Cdc20T + kg - Cdc207

dt Cmcml

AOdeNA — (}1 4220 APCP).(Cde20r—Cde20A) — (kmada+ka.20)- Cdc20A+kg-Cdc20A

dt Cede20°MAss

ACARIT — g cdn - Ceant - Mmass - mCdhl — kg cqn - Cdhlr + kg - Cdhly

dCdhl Va,cdh Cedn1 -mass-(Cdhlp—Cdhl)
dt - k57th * Ccdhl - TMAss - mthl - kdvcdh : thl + Ja,cdh-ccdhl-mass+th1chdh1 -

Vi cdhCedn1-mass-Cdhl
Ji,cdh*Cedn1-mass+Cdhl + kg - Cdhl

dTeml __ Kite1-Ctem1-mass-(Temlp—Teml) kbub2 Ctem1 -mass-Teml +k,-Teml
dt " Jatem Ctem1-mass+Temlpr—Teml Ji,tem Ctem1-mass+Tem1 g

1"

d0de1s _ (a5 (Temip — Teml) + — 28 . Teml + —225 . Cdeld) - (Cdel5T —

dt Ctem11Mass Ctem1:1Mass cdc14°Mass

Cdcl5) = ki,15 - Cdclb + kg - Cdclb

dc‘é%% = kg,14 - Ceder4 - mass - mCdcld — kq 14 - Cdcldr + kg - Cdcldr

dOdeld — ko 14+ Codera - mass - mCdeld — kq 14 - Cdeld + ket - (RENT + RENTP) + ki rent -

RENT + kdixontp - RENTP + kg - Odcld — (szent . Nep) 4 Fassenin . nep1P) . Cdeld

netlMass netl-Mass

dNetlT — k

i s,net * Cnetl * Mass - mINetl — kg net - Netlt + kg - Netly

ANEL — Ky not  Cede1a - Mass MmN etl —kdne - Netl+kq 14 RENT + kg rens - RENT — esrent .

dt Cede14-Mass

Cdcl4 - Netl + Vip net - NetlP — Vi net - Netl + kg - Netl

dRENT — _(ky 14 + kdpet) - RENT — Kgiyens - RENT + 22210 . 0de14 . Netl + Vip et -

dt cdcl4 - Mass

RENTP — Vipnet - RENT + ky - RENT

eSS — g 55 + Codess - mass - mCdch5 — Vg 55 - Cdeb5 + kg - Cdebb

dPdsl _ (}/

ar L pds " Cpdsi - mass +kly g - 2L SBE 4kl - 2EL L Meml) - mPdsl + Kaiesp -

SLpdS Csbf Cmcml

PE — (Vapas + —222 . Bopl1) - Pds1 + kg - Pdsl

Cospl-Mass

dEspl _ kasesp Pdsl - Espl + (kdi,esp + VCLpdS) -PE + kg - Espl

dt - Cpds1'Mass

Q0BT — hiori - (Coryps + 22k - CIB5 + eorippp - 2k - Clb2) — kari - ORI + kg - ORI

Cclbs Cclb2

(continued)



Table S2. (continued)

dBUD :
Car” = kspud - (epudm2 * 224 - ClIn2 + epuang - 223 - Clnd + epua,ps - o224 - Clb5) — kg pua - BUD +
kg - BUD
dSPN __ ks,spn‘cspn'mass'cle .

dt  — Jspn-Capz-mass+CIb2 kd»SPn SPN + kg -SPN
dfemly _ Teml — k Temlr + ky - Teml

dt = Rstemlt * Cteml " TMASS - ML €Ml — Rd tem1t - L €MLT + g Lemlr
dCdcl5

7T = ks cde1st * Cede1s - mass - mCdcld — kq cde1sy - Cdeldr + kg - Cdcl5t
dEsply _ f. Espl — k Esplr + ke - Espl

dt = Fsesplt " Cespl ~ MASS - MESPL — Kqesp1t - £osplT + Kg - Lsplr

detFT = ks,sbft * Cghf * TNASS - mSBF — kd,sbft . SBFT + kg . SBFT

% = ks mbft * Cmbf - mass - MM BE — kq b, - MBFr + kg - MBFr

dMemlp -k

e s,mcmlt * Cmecml - Mass - mMeml — kg memis - Memlt + kg - Memly

dAd];C = k‘s,apct * Capc * TNASS + mAPC — kd,apCt -APC + kg - APC

G2 = Ksns - Cang - mass® — ka3 - Cln3 + kg - Cln3

dBdikQ = k2 Cockz - mass® — kaye - Bek2 + kg - Bek2

G(Va, Vi, Ja, i) = Al
(Va, ¥, Ja, J) Vi—VatJaVitdiVaty/(Vi—VatJaVitJiVa)2—4(Vi—Va) JiVa

SBF = G(Va,sbf7 Vi,sbﬂ Ja,sbfy Ji,sbf) : SBFT

MBF = G(Va,sbfa Vi,sbfa Ja,sbfa Ji,sbf) -MBFr

Meml = G(—2mem . C1b2, ki mems Jamems Jimem) - Memlyp

Cclb2-Mass

Clb5t = Clb5 + C5 + C5P + F5 + F5P

Clb2t = Clb2 + C2 + C2P + F2 + F2P

Siclt = Sicl + SiclP + C2 + C2P + C5 + C5P

Cdcbr = Cdc6 + Cdc6P + F2 + F2P + F5 + F5P

CKIt = Siclp + Cdcbr

RENTP = Cdcldr — RENT — Cdcl4

NetlP = Netlt — Netl — Cdeldr + Cdel4

(continued)



Table S2. (continued)

PE = Esplt — Espl

Vd,b5 = k;(,i,bS + k(,i/,bS - Cdc20A

Vd,b2 = ké,bg + ké{,bz -Cdhl + kdybgp - C'dc20A

Vasbf = Kasbf - (€sbfn2 - ClIn2 + egpeng - (Cln3 + Bck2) + egpeps - Clb5)

Visbt = ki ¢ + ki, C102

kaz c
Vkp,cl = kdl,cl‘}“mdﬂﬁ'(ecl,nS'Clng+€c1,k2‘BCk2+€c1,n2'Cln2+€cl,b5'Clb5+€c1,b2‘0lb2)

k 3
Vip,t6 = ka6 + m - (eg6,n3 - Cln3 +egs k2 - Bek2+eg6.n2 - Cln2 4+ eg6 b5 - Clb5 + g6 1,2 - C1b2)

Vacdn = ki, cq, + ki ap - Cdel4

Viedh = K cqn + Ki'can * (€cdnn3 - CIn3 + ecann2 - CIn2 + ecan,ba - C1b2 + ecan,bs - CLb5)

Vpp’net — ki)p,net + kgp,net . CdC55

Vipnet = (Kip net T Kiep net - CdD5) - mass

Jpds
Vass = ké,55 + kg,55(J20,55 + Cdc20A) - desidpdsl

Va,pds = k:ﬁleds + ng,pds - C'dc20A + k:g&pds -Cdhl

Reset rules: When the normalized concentration of Clb2 (denoted as [Clb2],) drops below K, we reset
the auxiliary proteins [BUD], and [SPN], to zero, and divide all species in the cell, except for Cln3 and
Bck2, between daughter and mother cells with a 40:60 ratio, according to observations by Di Talia et al. [1].
This ratio for Cln3 and Bck2 is set to 20:80 to match with the experimental observations in [2, 3]. When
[CIb2]+[Clb5] drops below K.z, [ORI], is reset to zero. These auxiliary proteins are used as flags to specify
particular events (check points in the budding yeast cell cycle). That is [BUD],=1 indicates bud emergence,
[ORI],=1 specifies initiation of DNA synthesis and [SPN],, =1 signals that the chromosome alignment on
spindle is completed.

The reset rules in our hybrid model are similar to the deterministic model by Chen et al. [4]. However,
to prevent events from misfiring multiple times due to stochastic fluctuations in the hybrid model, we follow
specific tactics [5]. In our model, there are two types of events: First, events that are associated with

the states of certain species that change across predefined thresholds in only one direction (increasing or
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decreasing), taking BUD as an example. Second, events that are associated with the states of certain species
that change across predefined thresholds in both directions (increasing and decreasing), taking Clb2 as an
instance.

For the first type of events, the thresholds are set to the original predefined values at the beginning of
the cell cycle. Once an event is triggered, the corresponding threshold is increased by multiplying it with a
large number (e.g., 1000) to prevent misfiring.

For the second type of events, we add two dummy events to prevent misfiring. Supplementary figure S1
illustrates an example which describes the procedure we use to monitor type-two events for Clb2. The goal
is to monitor the occurrence of events 2 and 4. We add events 1 and 3 to prevent misfiring of events 2 and
4 in our hybrid stochastic model. At the beginning of cell cycle, all thresholds are set to very high values
except for the first event which is set to 0.5K,,. Once event i occurs, the threshold for 7 is set to a very
large value and the threshold for event ¢ + 1 is reset to its original predefined value. Using this procedure,

we guarantee that events 2 and 4 take place in a correct manner in the presence of stochastic fluctuations.

[CIb2]  rises up

ﬁ across 1.5K_, ﬂ
@ [CIb2] drops down

[CIb2] rises up
across 1.0 K, @ across 1.0 K,
; [C|b2]n drops down A

across 0.5 Kez

Supplementary Figure S 1: Type-two event monitoring procedure [6]. Events 2 and 4 are the original
events from the deterministic model [4]. Events 1 and 3 are the dummy events added to avoid misfiring of
the original events in the presence of stochastic fluctuations. K, is a dimensionless concentration.
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Table S3. Reaction channels and corresponding propensity functions for the slow subset in the
hybrid model.

Reaction Propensity Function Reaction Propensity Function
¢ - mCdhl ks medh1 mCdhl — ¢ kd,medh1 - mCdhl

¢ — mTeml ks, mtem1 mTeml — ¢ kd mtem1 - mTeml

¢ — mCdclb ks, modc15 mCdclb — ¢ kd,medc1s - mCdclb
¢ — mCdcl4 ks, medc14 mCdcld — ¢ kd,medc14 - mCdcl4
¢ — mNetl ks, mnet1 mNetl — ¢ kd mnet1 - mNetl

¢ — mCdcbb ks, medess mCdechbb — ¢ kd,medess - mCdced5
¢ — mEspl e, st mEspl — ¢ kd mesp1 - mEspl

¢ - mSBF ks, msbf mSBF — ¢ kd,msbs - MSBF

¢ > mMBF ks, mmbf mMBF — ¢ kd,mmbt - mM BF

¢ — mMceml

ks,mmcml

mMeml — ¢

kd mmem1 - mMeml1

¢ — mAPC ks, mapc mAPC — ¢ kd,mapc - MAPC
— mCln2 ks mem2 - (k. o - Colno - mass + ko - mCln2 — k4. meln2 - mClin2
) s,n2 s,n2 >
canz . GBF)
Csbt
¢ — mClb5 ks metbs - (Kl v s - Cabs - mass + k- - mCIlb5 — ¢ kd.melbs - mCIb5
B s,b5 s,b5 )
S . M BF)
Cmbf
¢ — mCl1b2 ks melb2 - (k;’b2 - Cclb2 - MASS + k;be . mCIlb2 — ¢ k4 meib2 - mC1b2
Lelbz_ . ATem])
Cmcm1
— mSicl ks msict - (k. .1 -Csic1 -mass+ k!, Ssiel . mSicl — kd.msic1 - mSicl
) s,cl s,cl cowis )
Swib)
— mCdcb ks medes - (K. ¢ - Cedes - mass + k. - mCdc6 — kd.mecdes - mCdc6
) s,f6 s,f6 )

Cedc6 . Swib + ké/,/f(s . Ccdce6 SBF)

Cswib Csbf

12



¢ — mSwib ks mswis * (lcé’swi - Cowis - NASS + kg”swi . mSwib — ¢ kd,mswis - mSwib
Lewis . Meml)
mcm1
¢ — mCdc20 ks mede20 (KL 20 - Cede20 - mass + kL 5 - mCde20 — ¢ kd,mede20 - mC'de20
Cede20 -Mcml)
Cmcm1
¢ — mPdsl k‘s,mpdsl-(k;’pdsﬁpdsl-ma58+k;’17pds- mPdsl — ¢ kd,mpsa1 - mPdsl

Cpdsl 1 Cpdsl
ol 'SBF+ks27pds' Mcml)

Cmcm1
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Table S4. Basal parameter values for the wild-type cell cycle. Parameters that start with lower
case k are rate constants (min~!). All other parameter are dimensionless.

kg = 0.0072 Ko =0 K o = 0.03 kanz = 0.12
K, 15 = 0.0001 ks = 0.0007 Kiger = 1 kaips = 0.06
kas,i5 = 0.01 kase = 1 kai;s = 0.01 Kkas,b5 = 50
K 1o = 0.0003 K = 0.0114 kaine = 0.05 kaigz = 0.5
kasp2 = 50 kasf2 = 15 k;cl = 0.0036 ;/,cl = 0.0359
kppe1 = 4 K 5 = 0.0059 Kt = 0.0295 K/t = 0.0001
Kop.t6 = 4 K o = 0.0007 K = 0.0114 ka.ewi = 0.08
Kaswi = 2 Ki owi = 0.05 Kaape = 0.1 ki ape = 0.15
! 50 = 0.0014 Koo = 0.1364 K, 0 = 0.05 K50 = 0.2
ka.zo = 0.3 ks cdn = 0.0014 kdean = 0.01 K15 = 0.002
Kl =1 7 = 0.001 kiis = 0.5 ko4 = 0.02
ka1a =0.1 kd net = 0.03 kdirent = 1 kai rentp = 2

kas,rent = 200

kas,rentp =1

ke net = 0.0134

ke55 = 0.0143

K, g5 =0 K/, oas = 0.0043 Ky as = 0.0079 kdiesp = 0.5
kas,esp =50 ks,ori =2 kd,ori = 0.06 ks,bud =02
kdbud = 0.06 g spn = 0.1 ki spn = 0.06 ks tem1s = 0.0150

kd,tcmlt = 0.046

ks,cdcl5t = 0.0142

kd,cdc15t = 0.046

ks esp1s = 0.0139

K ,esp1e = 0.046

ks spie = 0.007

kaspie = 0.0462

ka,mcm =5

ks mbfe = 0.0066

Fd.mbe = 0.046

ks apet = 0.0065

ka,apet = 0.0462

ks memi¢ = 0.0078 kdmem1e = 0.046 ki mem = 0.15 klis pas = 0.04

Kasb = 0.38 = 0.6 of =8 k)5 = 0.01

ka2 = 0.003 ki o = 0.4 kapap = 0.15 ka1.c1 = 0.01

kazc1 =1 kg,bs =0.16 ka1 6 = 0.01 kazge =1

K, oan = 0.01 K o = 0.8 K oan = 0.001 K 4 = 0.08
;pﬁnet =0.05 kgp,net =3 kl’(pvnet = 0.01 {(’p_’net =0.6

kéy55 =0.17 k‘(’]{’55 =¥ k(’ﬂypds =0.01 ng,pds =0.2

14



Table S4.(continued)

s 3 = 0.0080 kigns = 0.12 ks 12 = 0.0048 kaxe = 0.12
kmaaz = 8 for [ORI], > land [SPN] < 1; otherwise 0.01

kpuaz = 1 for [ORI] > 1 and [SPN], < 1; otherwise 0.2

kier = 1 for [SPN] > 1 and [CIb2] > 1; otherwise 0.1

Ko = 0.3 Ko = 0.2 Jiedn = 0.03 Jaape = 0.1
Jiape = 0.1 Jaedn = 0.03 Jods = 0.04 Jasbt = 0.01
Jns = 6 Jatem = 0.1 Ji tem = 0.1 Jopn = 0.14
Jaz 6 = 0.05 Jamem = 0.1 Jimem = 0.1 Jaz.e1 = 0.05
Jisbe = 0.01 J20,55 = 0.15 €cdhb2 = 1.2 €cdh,bs = 8
€bud,n3 = 0.05 €ori,bs = 0.9 €ori,b2 = 0.45 €pud,n2 = 0.12
Esbf,bs = 2 €bud,bs = 0.25 Esbfn2 = 2 €sbtnz = 10
ec1,bs = 0.1 €cinz = 0.3 ec1,k2 = 0.03 €cin2 = 0.06
etom2 = 0.06 ecrpz = 0.45 etom = 0.3 etsx2 = 0.03
€cdh,n2 = 0.4 efe,b5 = 0.1 ef6,b2 = 0.5 €cdh,n3 = 0.25
Cclb2 = 479.2 Celn2 = 239.6 Celns = 999 Chek2 = 999
Ccdh1 = 1198 Cori = 119.8 Cbud = 119.8 Cspn = 119.8
Ctem1 = 178.2 Celbs = 479.2 Cede20 = 1797 Csic1 = 479.2
Cedeg = 479.2 Cedc14 = 275.54 Cnet1 = 275.54 Cede1s = 479.2
Cpdst = 39.5 Cospl = 39.5 Copt = 479.2 Capt = 479.2
Capc = 263.56 Cedess = 4193 Crent = 4193 Cmem1 = 4193

ks,mCdclS =0.45

kd,mcdcis = 0.14

ks,mTeml =0.43

kd,mTeml =0.14

ksmNet1 = 0.5 kdmNet1 = 0.1 ksmcdcia = 1.5 kdmcdcia = 0.14
ks,mEspl =0.3 kd,mEspl = 0.08 ks,mCdc55 =0.97 kd,mCdc55 =0.14
ks,mMBF =0.97 kd,mMBF =0.14 ks,mSBF =0.94 kd,mSBF =0.14

ks,desl =0.24

kda mpds1 = 0.14

ks,mMcml =0.8

kd,mMcml =0.14

ks,mAPC =0.97

kqmarc = 0.14

ks mCinz = 0.0117

kd mcin2 = 0.23

ks mcibs = 0.3916

kqa,mcibs = 0.14

ks mcibz = 0.0034

kq mcib2 = 0.35
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Table S4.(continued)

ksmsic1 = 0.0067 kd msic1 = 0.14 ks, mcdcs = 0.0083 kd,mcdes = 0.14
ks,mSwiS = 0.0016 kd,mSwiS =0.14 ks,mCdc2O = 0.0001 kd,mCdc20 =0.14
ks.mcdan1 = 0.97 kd mcdan1 = 0.14

The FORTRAN code that implements the model described in Tables S1-5S4 is provided in Supplementary
Code. We notice that the parameters listed in Table S4 are the values that are computed after converting
the concentration of species into population. In the code, however, to provide more flexibility in tuning the
parameters, the original parameters from Chen’s model are listed and then converted. See the README

file that further elaborates on the Supplementary Code.
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Supplementary Table S5: List of mutant strains. Simulation results of our hybrid stochastic model
(in column 6) are compared with experimental data (in column 4) and simulation results of the
deterministic model by Chen et al. [4] (in column 5). The parameter modification column reports
the changes made to the parameter values in order to simulate each strain. ‘V’ means ‘viable’, ‘In’
means inviable, and ‘pV’ partially viable. We generate a sufficiently large population of mother
and daughter cells, expanding over time, to compute probability of division. In column 6, we report
the probability of division as well as the number of simulations used to calculate this probability.
Orange typeface in column 5 indicates disagreement between the Chen deterministic model and the
experimental observations. Red typeface in column 6 indicates disagreement between the hybrid
model and the experimental observations.

No Mutant strain Parameter Experiment Chen Hybrid model
modification model
1 Wild-type (WT) on - \Y% \% V:0.97
glucose (Glc) (11,000)
2.1 WT on galactose (Gal) ky=0.004621 \% \Y% V:0.93
(MDT=150) (22,762)
2.2 WT on raffinose (Raff) ks=0.00433 \Y% v V:0.93
(MDT=160) (14,198)
3 cnlA cln2A o n2=0 \% A% V:0.92
(13,710)
4 GAL-CLN2 clnlA cln2A kf 12=0.12, Kl 5=0, \Y% \Y% V:0.90
ky=0.004621 (24,500)
5 cnlA cln2A siclA e n2=0, \% A% V:0.75
Koo = =0 (14,010)
6 clnlA cln2A cdhlA kf 19=0, ks can=0, A% A% In : 0.30
init CDH1T=CDH1=0 (9,373)
7 GAL-CLN2 clnlA cln2A k{ n2=0.12, k=0, \Y% \Y% V:0.76
cdh1A s cdn =0, (11,594)
kg =0.004621,

init CDH1T=CDH1=0
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8 cln3A ks n3=0 v A% V :0.98
(9,990)
9 GAL-CLN3 ks g =5xKs n3, \ \ V:0.94
kg =0.004621 (9,610)
10 bek2A s 12=0 \ \ V:0.97
(11,326)
11 multi-copy BCK?2 ks, x2=bxks k2 A% A\ V :0.96
(10,032)
12 cnlA cln2A bek2A kY 12=0, ks x2=0 \Y% A% V:0.84
(11,294)
13 cdn3A beck2A ks n3=0, ks x2=0 In In In:0.10
(9,310)
14 cln3A bek2A GAL- ks n3=0, ks x2=0, A% \Y% V:0.95
CLN2 cinlA cln2A en2=0.12, K ,=0, (17,452)
ks=0.004621
15 cIn3A bck2A multi-copy ks n3=0, ks x2=0 In In In: 0.40
CLN?2 =5k o (16,523)
16 cln3A bek2A siclA ksn3=0, ks 1x2=0, In In In:0.44
Koe = k//s,clzo (9,614)
17 cnlA cln2A cln3A K no=Fk{ 1o=0, In In In: 0.04
o n3=0 (9,700)
18 clnlA cln2A cln3A kY 12=0, ks n3=0, \% \Y% V:0.95
GAL-CLN2 K 1o=0.12, (17,640)
kg =0.004621
19 clnlA cln2A cln3A kf o=k 12=0, \% \Y% V:0.84
GAL-CLN3 ko3 =X ks n3, (12,598)

ks=0.004621

18




20 | cnlA eln2A cln3A siclA k{ n2=0, kJ,2=0, \Y% v V:0.76
ks n3=0, (12,904)
k/s7cl = /;,01: 0
21 cnlA cln2A cln3A cdhlA kf o=k 12=0, In In In: 0.03
ks n3=0, ks,can=0, (9,800)
init CDH1=CDH1T=0
22 clnlA cln2A cln3A kf no=k¢ 12=0, \% \Y% V :0.86
multi-copy C'LB5 ks n3=0, (20,376)
k& ps=4% kg s
ks =43k s
23 clnlA cln2A cln3A k{ n2=0, k¢ ,2=0, \Y% v V :0.99
GAL-CLB5 s n3=0, (17,856)
ks =15Xk 15,
ks=0.004621
24 cnlA cln2A cln3A k! o=k 12=0, \% A% V:0.89
multi-copy BCK?2 ks n3=0, (11,486)
ks ko=10x ks ko
25 cnlA cln2A cln3A K no=Fk{ 1o=0, In In In : 0.01
GAL-CLB?2 s n3=0, (10,030)
kS pa=25K o,
ks=0.004621
26 | clnlA cln2A cln3A ape-ts k! no=k 12=0, In In In:0
ks n3=0, ks can=0, (10,000)
k;,zozkggo:(),
init CDH1=CDH1T=0
27 siclA ec1 = k=0 \Y A% V:0.87
(16,198)
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28 GAL-SIC1 ! =10xK. \ \ V:0.90
kg =0.004621 (9,848)
29 GAL-SIC1dbA Kl 1 =10xK{ .1, In In In:0
ka3 c1=0, (10,000)
ks=0.004621
30 GAL-SIC1 clnlA cln2A kL 1 =10xEK{ .1, In In In:0
5n2=0; (1,000)
ks=0.004621
31 | GAL-SIC1 GAL-CLN?2 K. 0 =10xK. ), \ \ V £ 0.90
cnlA cln2A en2=0.12, K ,=0, (11,180)
ks=0.004621
32 GAL-SIC1 clnlA cln2A Kl =k 1=0.12, In In In:0
cdh1A k! 3=k can=0, (1,000)
ks=0.004621,
init CDHIT=CDH1=0
33 | GAL-SIC1 GAL-CLN?2 K 0 =0.12, \ Y V : 0.80
cnlA cn2A cdhlA en2=0.12, K ,=0, (14,376)
ks can=0,
kg=0.004621,
init CDH1T=CDH1=0
34 cdhlA ks,can=0, Vv Vv In : 0.49
init CDH1T=CDH1=0 (15,078)
35 Cdh1 constitutively active E can= 0, In In In: 0.32
ki =0.004621, (9,238)

ks,cdh:'?) X ks,cdh
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36 siclA edhlA kS c1=kS .1=0, In In In:0
ks,can=0, (10,000)
init CDH1T=CDH1=0
37 siclA cdhlA GAL- o.c1=kq c1=0, Vv A% Gal: In: 0.28
CDC20 ke can=0, k! 50=10, (9,640)
ks=0.004621 Gle: pV :0.71
(10,708)
38 cdc6A2-49 K 6=k 1c=k."=0 \Y Vv vV :0.97
(11,482)
39 siclA edc6A2-49 e.c1=ke c1=0, \% \Y% In : 0.01
kS t6=kE =416 =0 (9,016)
10 cdh1A cdc6A2-49 K, 6=k 5=/ =0, \ \ In : 0.16
ks,can=0, (10,331)
init CDH1T=CDH1=0
411 | siclA cde6A2-49 cdh1A K=kl q=0, In In In
ks.can= 0, k 5=
é/,fezkg,/ffszoa
init CDHIT=CDH1=0
42 siclA cdc6A2- tc1=k =0, Vv \Y% In : 0.02
49 cdh1A GAL-CDC20 K, 5=k 6=kt =0, (10,088)
ks,can= 0, k; 50=4,
iy =0.004621,
init CDH1T=CDH1=0
43 swibA K swi=Fe swi=0 \Y A% In : 0.53
(23,878)

!Experimental observations show that siclA cdc6A2-49 cdhlA (mutant # 41) and swiSA cdhl1A (mutant # 45)
strains are not able to undergo the cell division and thus are inviable [7]; both strains have similar phenotype and
become arrested as binucleate cells with 4C DNA content. Our simulation (similar to Chen’s deterministic simulation
[4]) shows that the cells are inviable; however, they become arrested in telophase with 2C DNA content. We consider

this simulation result as an inconsistency with experimental observations.
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44 swibA GAL-CLB2 KL swi=Fe swi=0s In In In: 0.34
s b2 =0.12, (9,790)
kg =0.004621
451 swibA cdh1A Kl swi= Ko swi=0, In In In
ks,can=0,
init CDH1T=CDH1=0
46 | swisA cdhlA GAL-SIC1 K, gwi= K i=0, s \ V:0.83
ks,can=0, (10,636)
k1 =10xkg o1,
kg =0.004621,
init CDH1T=CDH1=0
47 clblA clb2A K o=k 1,5=0 In In In:0
(10,000)
48 CLB1 clb2A K, 15=0.0003, \ V. 0.82
K/ 5=0.013 (26,466)
(33% WT)
19 GAL-CLB2 K 1o=0.12, s \ V :0.86
kg =0.004621 (17,714)
50 multi-copy GAL-CLB2 k;7b2:0.96 (8 copies In In In:0
of GAL-CLB2), (10,000)
ks=0.004621
512 CLB1 clb2A edh1A k! 1,5=0.0003, Gal: V Gal : Gal : V:0.79
K5 =0.013 Gle : pV (17,608),
(33% WT), Glc : In : 0.62
ks,can=0, (14,719)

init CDH1T=CDH1=0

“Experimental observations (see supplementary figure 1, panel A in [8]) show that CLB1 clb2A cdhlA cells grow
well on galactose; however, they exhibit poor viability on glucose. That is why in column 4 we report this mutant
strain as partially viable (pV). 'Gl¢’ refers to growth in glucose medium; ’Gal’ to galactose.
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523 CLB1 clb2A pds1A K. 1,,=0.0003, In In
K/,,=0.013
(33% WT),

ké’lpds:k;é,pds:o

53 GAL-CLB2 siclA k{ 1,5=0.12, In In In: 0.20
! =k =0, (10,090)
ks=0.004621

54 GAL-CLB2 cdhlA k;7b2:0.12, ks,can=0, In In In : 0 (10,000)
kg =0.004621,

init CDH1T=CDH1=0
55 CLB2-dbA kanap=0, kJ,,=0.03 In In In: 0.27
(8.5% activity left (9,892)
due to KEN box).

56 CLB2-dbA on galactose ka,p2p=0, In In In: 0.59
kj 1,2=0.03, (13,848)
kg =0.004621

57 CLB2-dbA multi-copy kd,b2p=0, \Y% A% V:0.79

SIC1 kj 1,2=0.03, (11,900)
ke e1=10xk¢ o1,
k1 =10xk{

58 CLB2-dbA GAL-SIC1 k4 b2p=0, Vv A% V:0.79

K 1,,=0.03, (9,044)
kg1 =10%k o1,
ks=0.004621

3Simulation results show that CLB1 clb2A pds1A (mutant # 52), and pds1A (mutant # 80) strains are able to
exit mitosis; however, Espl is active throughout the cell cycle (even before spindle alignment). Thus, according to
our viability rules, these mutants are inviable.
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59 C LB2-dbA multi-copy ka,p2p=0, A% A% In : 0.57
CDC6 K/ 1,5=0.03, (13,484)
kg t6=5% kg g5,
kS 16 =5 kg g
Kg=5 K
60 CLB2-dbA clbbA ka,b2p=0, In In In: 0.24
K 1,5=0.03, (9,672)
K& 5=k s =0
61 CLB2-dbA clb5A on ka,b2p=0, pV Gal : In: 0.62
galactose and raffinose kj 1,2=0.03, (17,338)
k¢ 5=k 1,5=0, Raff : pV : 0.68
kg=0.004621 (Gal), (13,364)
ky=0.00433 (Raff)
62 GAL-CLB2-dbA ka,b2p=0, In In In : 0.03
K 1,2=0.03, (10,118)
k! 2=0.12,
ks=0.004621
63 cIbBA clb6A K, 5=kl 15 =0 \ \4 V:0.98
(16,653)
64 | clnlA cln2A clb5A clb6A kf o=k 12=0, In In In:0
ké,bszk;bs:o (10,000)
65 GAL-CLB5 K, ps=15E] o, \ \ V:0.94
ky=0.004621 (9,612)
66 GAL-CLBS5 siclA k. ps=15%k, 15, In In In

k;,cl :ké/,cl :07
ke=0.004621

“Simulation results show that mutant strains GAL-C'LB5 siclA (mutant # 66), CLB5-dbA siclA (mutant # 69),
and GAL-CLB5-dbA (mutant # 72) are able to exit mitosis; however, [ORI] is not relicensed (due to high activity

of Clb5 in G1 phase). Thus, according to our viability rules, these mutants are inviable.
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67 GAL-CLB5 cdhlA K s =10%K. 15, In In : 0.60
ks,can=0, (20,782)
kg =0.004621,
init CDH1T=CDH1=0
68 CLB5-dbA = ' v V:0.95
(11,656)
69* CLB5-dbA siclA K 15=0, In In In
ké,clzké:clzo
70 CLB5-dbA pds1A K o5=0, ' \ V1097
kéll,pds:kéé,pdszo (12,539)
71 CLB5-dbA pds1A k{ 1,5=0, In In pV : 0.65,
cdc20A K s =Hlh 0as=0, (12,846)
k’é,zozkg,zo:o
724 GAL-CLB5-dbA K s =15%K. s, In In In
kg,bszoa
kg =0.004621
73 cdc20-ts kL 20=Fk 90=0 In In In:0.31
(9,710)
74 cdc20A clb5A k¢ 20=k¢ 20=0, In In In : 0.58
k& p5=Kd s =0 (9,944)
75 cdc20A pds1A k{ a0=Fk¢ 20=0, In In pV : 0.66
K ekl =0 (16,274)
76 cdc20A pds1A clb5A kL 20=k 20=0, \Y% \% V:0.95
kg b5 =Fd b5=0; (10,920)
k&1 pas=He2,pas=0
77 GAL-CDC20 K, 50=6, In In V : 0.9
ks=0.004621 (11,355)
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78 cdc20-ts mad2A k{ 20=Fkg 20=0, In In In:0.31

Fmad2=0.01 (9,720)
79 cdc20-ts bub2A k{ a0=Fk¢ 20=0, In In In: 0.25
kbub2=0, (9,586)
init BUB2=0
803 pdslA k) pas=keo pas= A% In
815 espl-ts kas,esp= 0.1, kgi esp= In In In
0.002,

(1/500 x WT)

826 PDS1-dbA [ pdg—k‘d3 pds=0 In In In
836 GAL-PDS1-dbA k. pds= 0.1, In In In
ks=0.004621

7 _
kd2 ,pds ™ kd3 ,pds ™ =0

846 | GAL-PDS1-dbA espl-ts K. pds= 01, In In In
k(,i/Z,pds: kg&pds:o7
kas esp=0.1,
Fdi.esp=0.002,
(1/500x WT),
ks=0.004621
85 GAL-ESP1 cdc20-ts ké’m:k’;/’zozo, In In In: 047
e esplt =3 XKg esp1ts (10,057)
ks=0.004621
86 temlA Kyl 15=0.002 (= In In pV :0.73
! 15)s s mTom1 =0 (14,096)

5Simulation results show that espl-ts strains are able to exit mitosis while the sister chromatids are not yet
separated. Therefore, according to our viability rule this mutant is inviable.

5Simulation results show that PDS1-dbA (mutant # 82), GAL-PDS1-dbA (mutant # 83), and GAL-PDS1-
dbA espl-ts (mutant # 84) strains are able to exit mitosis; however, Espl is inactive throughout the cell cycle which
means sister chromatids are still attached. Thus, according to our viability rules, these mutants are inviable.
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87 GAL-TEM1 e tom16=5 ks temit, \ \ V:0.93
kg =0.004621 (15,072)
88 tem1-ts multi-copy k; 15=0.002, \% \Y% V077
CcDC15 [——) (17,050)
ks,temltzov
ks cdc15t=9 %k s cdc15t
89 teml-ts GAL-CDC15 k; 15=0.002, v A% V:0.81
ks mTom1=0, (15,616)
ks,temltzov
ks,cdc156=15XK g cdc15t,
ks=0.004621
90 tem1A netl-ts K} 15=0.002, \Y% A% V:0.99
ks, mTem1=0, (16,436)
ks tem1t=0,
Kas rent=10,
Eas rentp=0.05,
(5% WT)
91 tem1-ts multi-copy K} 15=0.002, \% \Y% V :0.96
CDC14 ks14=0.4 (2 copies), (10,470)
ks, mTem1=FKs,tem1t=0
92 cdcl5A ki net =0, In In pV :0.73
ks cdc15t=0 (13,862)
93 multi-copy CDC15 ks,cdc156=5 X Ks,cdc15t A% A\ V :0.97
(15,020)
94 cdelb-ts multi-copy lepnet =05 In In pV :0.73
TEM1 ks cde15: =0, (14,076)

ks,temlt =5x ks,temlt
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95 cdclb5A netl-ts kl’(’p’net:(), A% A% V:0.99
Kas rentp=0.05, (27,612)
Fas rom =10,
(5% WT)
96 cdcl5-ts multi-copy ki net =0, ks,14=0.4 Vv Vv V :0.96
CDC14 (2 copies) (24,384)
97 netl-ts Eas rentp=0.05, \% \% V :0.99
Kas rent =10, (30,3160)
(5% WT)
98 GAL-NET1 ks net=DXKs net, In In In : 0.50
ks=0.004621 (10,966)
99 cdcld-ts ks,14=0 In In In: 0.08
(9,600)
100 GAL-CDC14 ks 1a=4XKs 14, In In In:0.04
ks=0.004621 (10,004)
101 GAL-NET1 GAL- ks net=3%Ks net, \Y% \% V:0.94
CDC14 ks 14=3%Ks 14, (10,651)
ke=0.004621
102 netlA cdc20-ts Eas rentp=0.05, In In In: 0.55
Kas rent=10, (10,974)
(5% WT)
ké,Qozké/go:O
103 cdeld-ts GAL-SIC1 ks,14=0, In In In: 0.49
K, 1 =10%k. .1, (10,482)
ks=0.004621
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104 | cdcld-ts then GAL-SIC1 ks,14=0 for 180 min, able to exits not able to exit
then 3 copies of exit mitosis
GAL-SIC1 mitosis
(kL 1 =3X KL 1,
kg=0.004621)

105 cdcld-ts siclA e.c1=ke 1 =0, In In In:0.27
(16%Cdc14 activity) (9,725)
kpp,c1=Fkpp 16=0.64,

Ko swi=0.32,
k] can=0.128

106 cdeld-ts edhlA ks,can=0, In In In: 0.16
init CDH1=CDH1T=0 (9,200)
(30%Cdc14 activity)

kpp,c1=Fkpp.r6=1.2,
ka swi=0.6, k! q,=0.13
107 cdcld-ts GAL-CLN?2 en2=0.12, K ,=0, In In In: 0.61
ks=0.004621, (11,612)
(10%Cdc14 activity)
kpp,c1=Fkpp,i6=0.8,
kaswi=0.4, k;/ q,=0.16

108 TAB6-1 kas rentp=0.05, \Y \Y V:0.99
Kas rent=10,(5% WT) (13,010)

109 TABG-1 cdclbA Kas rentp=0.05, \Y% A% V:0.99
Eas rent=10 (5% WT), (12,960)

k//

kp,nctzo
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110 TABG6-1 clb5A clb6A Eas rentp=0.05, In In VvV :0.99
Fas rent =10 (5% WT), (11,638)

ké,b5:k;/,b5:0
11|  TAB6-1 CLB1 clb2A Kas xentp= 0.05, \% A V :0.98
Fas rent=10 (5% W), (11,314)

K, 1,5=0.0003,

K 2=0.013,

(33% WT)

112 mad2A kmad2=0.01 v A% V :0.98
(16,510)
113 bub2A kbub2=0, A% A% V :0.98
init BUB2=0 (12,488)
114 mad2A bub2A kbub2=0, v A% V :0.99
kmaa2=0.01, (11,659)

init BUB2=0
115 APC-A " 50=0 \ Y V:0.97
(12,113)
116 APC-A cdhlA K} 20=0, ks can=0, In In In:0.18
init CDH1T=CDH1=0 (9,911)
117 APC-A cdhlA on k) 90=0, ks can=0, In In In: 047
galactose init CDH1T=CDH1=0, (10,796)

ks=0.004621
118 APC-A cdh1A K 50=0, ks.can=0, v % V:0.83
multi-copy SIC1 Kkl 1 =15%k{ .1, (16,949)

k! . =15xk!

s,cl1™— s,cl>s

init CDH1IT=CDH1=0
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119|  APC-A cdhlA GAL- K 50=0, ks.can=0, \ \ V£ 0.75 (9,934)
SIC1 K. =20 XK. .1,
kg =0.004621,
init CDH1T=CDH1=0
120 APC-A cdh1A K 50=0, kg can=0, \ s V1 0.78
multi-copy CDC6 KL t6=10xk 46, (12,700)
ks =10x k6
K= 10K,
init CDH1T=CDH1=0
121|  APC-A cdhlA GAL- ! 30=0, ks can=0, \% v V :0.82
CDC6 K 6 =15%K, 6, (11,321)
kg=0.004621,
init CDH1T=CDH1=0
122 APC-A cdh1A K 50=0, ks.can=0, \ \ V£ 0.79
multi-copy CDC20 6.20=25%k{ 29, (26,557)
620=25%k{ 99,
init CDH1IT=CDH1=0
123 APC-A siclA k! 90=0, \% \Y% V:0.83
;,clz ;/,clzo (14,922)
124|  APC-A GAL-CLB2 K 50=0, K. 15 =0.48, In In In : 0 (10,000)

ks=0.004621
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