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Figure S1: Astral microtubules do not affect results significantly. (A) Comparison
between cases with and without astral microtubules under default geometric settings. (B)
Results with different cell size and spindle size. Left panel is identical to Figure 4B in main
text. Right panel results from simulations without astral microtubules.
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Figure S2: Comparison between original model and improved model. (A) Comparison
of results from the original model (without microtubules in Group 2) and improved model
(with microtubules in Group 2). The improved model does not change the step change in
the spindle pole signal after the last kinetochore attachment. Results with default geometric
setup: 4 = 20um, L = W= 10um, 6 = 1pm. (B) and (C) Detailed results from the original
model and improved model. Upper panels: final steady state concentration gradient of SAC
proteins. Lower panels: Fluxes of SAC proteins in the streaming or diffusive states before
the last kinetochore attachment.
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Figure S3: Dependence of jump ratio and spindle pole signal on microtubule density.
(A) and (B) A =20um, L = W=10pum, § = 1um.

(C)and (D)4 =100pum, L = W =50pm, § = S5pm.

#MTs in Group 1 refers to the number of microtubules associated with one half of the
spindle.
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Figure S4: Transition of relationship between spindle size and spindle pole signal
exists for different aspect ratios in spindle. (A-D) Final spindle pole signal as function of
cell size and spindle size-cell size ratio at the fixed aspect ratios (W/L = spindle
width/spindle length). (B) is identical to Figure 4B. (E) Critical cell sizes (where curves
intersect) summarized from (A-D). (F) Final spindle pole signal as function of cell size and
spindle size-cell size ratio when the aspect ratio depends on the cell size as W/L =
1/(0.8+0.004xA). (G) Final spindle pole signal as function of cell size and spindle size-cell
size ratio when the aspect ratio depends on the spindle size as W/L = 1/(0.8+0.006xL). The
dependence of aspect ratio on spindle size is motivated by the observation in (1).
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Figure S5: Transition of relationship between spindle size and spindle pole signal
exists for different spindle pole size-cell size relationships. (A-D) Final spindle pole
signal as function of cell size and spindle size-cell size ratio at various spindle pole size-cell
size relationships as labeled. (E) Comparison of the resulting critical cell sizes in (A-D) to
the critical cell size found in the default case. (F) Final spindle pole signal as function of cell
size and spindle size-cell size ratio when the exponent of the spindle pole size-cell size
relationship is larger than 1. In this case, the dependence of final spindle pole signal on the
cell size is entirely inverted. But in reality, one would not expect spindle pole size to grow
faster than cell size. Therefore, this case is not realistic anyway.
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Figure S6: Transition of relationship between spindle size and spindle pole signal
exists for different non-kinetochore microtubule density. (A-F) Final spindle pole signal
as function of cell size and spindle size-cell size ratio at various microtubule densities in
Group 2. (G) Critical cell sizes (where curves intersect) summarized from (A-F).



B
Processes Type Time scale () T forz(;)e::r?lize = T fo; (():gl:jrilze =

#1 diffusion ~A*/L/32D ~20s ~2000s
#2 convection ~L/2V ~50s ~500s
#3 diffusion ~8°/24D ~0.02s ~2s
#4 diffusion ~12/24D ~2s ~200s
#5 reaction ~ 1 ke * ~0.1s ~0.5s
#6 reaction ~1/k g ~1s ~1s
#7 reaction ~1/k, g ~0.6 s ~0.6 s
#8 reaction ~ 1k ~0.02's ~0.02's
#9 reaction ~1/k gsp ~30s ~30s
#10 reaction ~1/k, g ~0.6s ~0.6's
#11 convection ~&, IV ** ~20s ~20s
#12 diffusion ~8°/24D ~0.02's ~2s
#13 reaction ~ 1/ RS ¥ ~0.01s ~0.01s
#14 reaction ~1/k g ~1s ~1s

* kv represents average microtubule-binding rate of the streaming proteins in the spindle.

ok fo represents the distance from the center of the spindle pole, within which the binding rate with
microtubules is much larger than the unbinding rate. This small region around the spindle pole
imposes very strong sequestration on the streaming proteins. In this case, ratio between binding and
unbinding rates is set to be >100, corresponding to &, ~2um .

o kanT

Therefore, it is roughly 100 s-1.

represents the average microtubule-binding rate in the region mentioned above.



Figure S7: Transport processes in the spatiotemporal model for SAC. (A) [llustration of
the transport processes. The transport processes include convection, diffusion, as well as
state conversions (reactions). (B) Time scales associated with the processes.
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Figure S8: Gradient of streaming protein outside the spindle. (A) Red line shows the cut
line along which the concentration is plotted in (B). (B) Gradient of streaming protein
concentration fades away from the spindle. When the cell size is really large, the gradients
maintain similar level regardless of further increase in cell size. This result explains how the
spindle loses sight of the cell boundary for sufficiently large cells. In all simulations, L = 80

um, W= 64 um, 6 = 10 um.
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Figure S9: Increase in recruitment contrast rescues signal robustness diminished by

large kinetochore number. (A) Dependence of final steady state spindle pole signal on

kinetochore number and contrast ratio between recruitment rates onto unattached versus
attached kinetochores. (B) Dependence of jump ratio of spindle pole signal on kinetochore

number and contrast ratio between recruitment rates onto unattached versus attached
kinetochores. Black dashed line: minimum jump ratio 1.35 for robust SAC silencing (see

main text for why it is 1.35). (C) Phase diagram of mitotic fate based on kinetochore number

and contrast ratio between recruitment rates onto unattached versus attached
kinetochores. (D) Minimum contrast ratio between recruitment rates required to achieve

1.35 jump ratio for different number of kinetochores.
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Figure S10: Possible effect of polyploidy predicted for plant cell mitosis. (A)
Comparison of model setup for animal cell vs. plant cell. Red: spindle microtubules in Group
1 characterized by Ni. Blue: spindle microtubules in Group 2 characterized by p». Green:
astral microtubules outside spindle. Specifically, the plant cell has wide spindle poles and
loses the microtubules in Group 1 and astral microtubules. (B) Jump ratio decreases with
ploidy. The volumes of the cell, spindle and spindle pole are proportional to the number of
kinetochores by fixed ratios. Different lines show results of different contrast ratios
between recruitment of SAC components at unattached versus attached kinetochores. (C)
Jump ratio decreases with ploidy. The sizes of cell, spindle and spindle pole are kept
invariant. Different lines show results of different contrast ratios between recruitment of
SAC components at unattached versus attached kinetochores. (D) Jump ratio decreases with
spindle pole size. Different lines show results with different binding affinities of SAC
components at the spindle pole (relative to the default parameter, konsp, cf. Supplementary
Table 1). The decrease is particularly insignificant with low binding affinity at the spindle
pole. This is because large spindle pole with high binding affinity causes significant absolute
amount of SAC proteins to be sequestered at the spindle pole, thus competing with the
diversion effect by the unattached kinetochore. The spindle pole-mediated competition
diminishes with either weaker binding affinity or smaller spindle pole. (E) Jump ratio
depends on ploidy much more than the associated sizing effects. Different lines show results
with different combinations of parameters varied. Black solid line: results with volumes of
the cell, spindle and spindle pole changing proportional to the number of kinetochores;
exactly the same as black solid line in (B). Green solid line: results with constant number of
kinetochores, while volumes of the cell, spindle and spindle pole following those in the
black solid line. Gold solid line: results with constant number of kinetochores and constant
cell size, while volumes of the spindle and spindle pole following those in the black solid
line. Black dotted line: results with changing number of kinetochores, yet constant spindle
and cell sizing; exactly the same as black dotted line in (C). (F) Wider spindle pole reduces
concentration of SAC proteins at the spindle pole, potentially below sufficient for triggering
SAC silencing. The contrast in recruitment rates does not affect results; so the black solid
line overlaps with the cyan solid line and black dashed line overlaps with the cyan dashed
line. (G) Jump ratio holds up for average SAC concentration in the spindle. The results are
nearly same whether the total concentration or the concentration of streaming state SAC
components is counted. Results for default spindle pole binding affinity, konsp, and konsp/10
are shown.
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Supplementary Tables
Supplementary Table 1: Parameters for transport mechanism in bipolar spindle.

Parameter | Meaning Value Source/Reason
Dpyn Cytoplasmic diffusion 2 um? st ~ Diffusion coefficient of dynein due to huge size of dynein;
coefficient of microtubule- inferred from diffusion coefficient of APC/C (2).
unbound streaming proteins
Dwirt Diffusion coefficient of 0.01 pm? s1 (3,4)
microtubule-bound streaming
proteins along microtubule
Dy Diffusion coefficient of diffusive | 2 um? s-1 ~ Diffusion coefficient of APC/C (2). No significant difference
proteins in model results between spindle pole accumulation of APC/C
(Da = 2 um? s'1) and SAC protein (Dv = 20 um? s1) (5).
Dp Diffusion coefficient of spindle | 2 um? s-1 Sufficiently diffusive to homogenize concentration in spindle
pole-bound proteins pole.
Dx Diffusion coefficient of 2 um? st Sufficiently diffusive to homogenize concentration in
kinetochore-bound proteins kinetochore.
N1 Number of microtubules 800 (5, 6).
associated with each spindle
pole in Group 1 (fixed number
upon changes of spindle size)
Nast Number of astral microtubules | 800 (5, 6).
associated with each spindle
pole
p2 Density of microtubules in 10 pm- Tubulin concentration inside spindle in Xenopus extract ~ 60
spindle in Group 2 (fixed uM (7) ~ 23 um-2.
density upon changes of
spindle size)
%4 Processive velocity of 0.1 um st 0.06~0.3 um s'1(8, 9).
microtubule-bound streaming
proteins along microtubule
Koem Dissociation rate of streaming | 1s! In vitro unbinding rate 0.05 ~ 1 s°1 (10, 11).

proteins from microtubule

14




Konmr Association rate of streaming 0.17 um? s1 (5, 6).

proteins to microtubule (xmicrotubule
density)

kngT Dissociation rate of streaming | 40 s! Immediate dissociation from the microtubule once entering
proteins from microtubule in the spindle pole (see Appendix A).
spindle pole

kng:MT Association rate of streaming 0 Immediate dissociation from the microtubule once entering
proteins to microtubule in the spindle pole (see Appendix A).
spindle pole

Kofrxr Turnover rate from unattached | 0.2 s'1 1~60 s turnover time of SAC proteins at the unattached
kinetochore kinetochore (8, 12-14).

Y Saturating concentration on 100 (relative Single unattached kinetochore sequesters ~0.05% of total
unattached kinetochore to bulk cytoplasmic amount of SAC components (12); ratio between

concentration) | kinetochore volume and cell volume ~ 10-5 - kinetochore
concentration ~ 102 bulk average in cell.

KonkTu Recruitment rate onto 200 st (5); to saturate the unattached kinetochore.
unattached kinetochore

KonkTt Recruitment rate onto attached | 2 st (5); << konkru due to attachment/tension induced change in
kinetochore kinase effect.

kpofrxr Release rate of poleward 20 st (5); kpotrkT > konkT: Such that the attached kinetochores do not
streaming proteins from accumulate protein.
attached kinetochore

Koftsp Unbinding rate of proteins from | 0.0333 s°1 ~ 30s turnover time at spindle pole (15).
spindle pole

konsp Binding rate of proteins to 1.8s1 (5)
spindle pole

Uext Sequestration potential around | 2 k3T, 1 um
the spindle boundary width
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