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Fig. S1.   Cell shapes during Interphase. Representative stained images and cell aspect ratio 

quantification corresponding to 1F-elongated, 2F-elongated, MF-elongated, 2F-kite and 2D-

rounded. Scale bar 10 µm. 

 

 

 

 
 

 

Fig. S2.   Quantification of number and arrangement of retraction fibers associated with 

each focal adhesion cluster for the different cell shapes. (i) Number of retraction fibers per FA 

cluster across all cell shapes, and (ii) the angle made by retraction fibers from adhesion sites on 

fibers to attachment on cell cortex.  

 

 

 

 

 



 

 

 

 

Fig. S3.   Compilation of individual profiles showing temporal dynamics of metaphase plate 

movements for the different fiber geometries. 

 

 

 

 
 

Fig. S4.   Probability distributions of the metaphase plate angular velocity for the different 

substrate categories. 
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Fig. S5.   Spindle polarity phenotypes in control cells and cells treated with the Cdk1 

inhibitor RO-3306. Asynchronous HeLa cells expressing H2B-GFP were treated with DMSO 

(control vehicle) or RO-3306 for 20 hours. Cells were then released from RO-3306 by washing 

cells with drug-free media for 30 min (total of 6 X 5 min washes). Cells were fixed, 

immunostained with anti-tubulin antibodies, and subsequently imaged and analyzed. For each 

condition, 3 independent experiments were carried out, and at least 100 cells were measured 

from each experiment. For each paired comparison, p<0.001. 



 

 
 

Fig. S6.   Comparison of mitotic spindle shape over different substrate categories. The length 

and width of the mitotic spindle is shown by a and b in the representative stained image. Aspect 

ratio is defined as a/b, scale bar is 5 µm. 

 

 

 

 

 

 

 

 



 
 

Fig. S7.   The CS-CRTX and CS-RF attraction parameters satisfy the observations for 1F-

elongated and 2D-rounded cases, and are insensitive to variations in RF-geometry in the 1F-

elongated case. One of the RF spots in the 1F-elongated configuration shifted downward or 

decreased in size. The RF distributions for the 2D scenario are unchanged. (A) The data compares 

the outcomes if one of the RF spots in the 1F-elongated scenario is shifted downward by 200 from 

the equatorial plane or left undisturbed. For one such parameter combination (𝑓𝐶𝑆−𝐶𝑅𝑇𝑋
(0)

= 0.1 𝑝𝑁 

and 𝑓𝐶𝑆−𝑅𝐹
(0)

= 0.75 𝑝𝑁), the corresponding statistics of mono-, bi-, and multipolar spindles are 

illustrated in  (B). When compared to the unaltered spot sizes in the 1F-elongated case, the changes 

are insignificant in the experimentally favorable parameter regimes if one of the spot sizes is 

smaller (~ half of the other) (C) or zero (D). 



Spindle outcomes are strongly influenced by the RF distributions in the 2D-rounded 

scenario: 

Unlike the 1F-elongated case, the 2D-rounded scenario strongly influences the spindle outcomes 

due to its significantly broader band-like distributions of the RF regions. Tweaking the size and 

position of one of the spots in the 1F-elongated configuration has no discernible effect on the 

parameter regimes corresponding to the experimental predictions (Fig. S7). However, increasing 

or decreasing the width of the RF band in the 2D-rounded scenario results in an overall downward 

or upward shift in the experimentally consistent parameter regimes (Fig. S8). This implies that a 

stronger or weaker pull from the RF band is required to achieve experimentally consistent results 

with altered RF bandwidth. 

 

 

 

 
 

 

Fig. S8.   Experimentally consistent parameter regimes are dependent on the width of the 

RF-band in the 2D-rounded case. The joint parameter space satisfying the experimental results 

for the 1F-elongated and 2D-rounded cases are shown with three different RF-spots/band widths: 

𝑑𝜃 = 100, 200, and 300, respectively. Note that 𝑑𝜑 = 𝑑𝜃 for the RF spots in the 1F-elongated case.  

 

 

  



 
Fig. S9.   Schematic diagram explaining the increasing or decreasing trend of (A) bipolar, 

monopolar, and (B) multipolar statistics with increasing RF coverage from 1F→2F→2D. 

Each centrosome feels strong attraction from the proximal RF spots. Two such CSs (CS 1 and CS 

4 in (A), and CS 1 and CS 3 in (B) ), one in each half of the cell, are shown to have strongly 

connected to the proximal RF spots (dark lines) and weakly to the distal RF spots (light lines). (A) 

With increasing RF coverage, the CSs feel more attraction towards the proximal RF region 

(denoted by multiple red arrows), leading to an increase (decrease) in the bipolar (monopolar) CS 

assemblies from 1F to 2D. (B) In the multipolar configurations, CSs are also under strong repulsion 

from the centrally located chromosomes apart from the CS-RF attraction. The tendency of each 

CS to move towards the proximal RF-spots is higher in the 2F-elongated case than in the 1F-

elongated scenario. In contrast to the 1F-elongated example, where CS 3 is shown to reach the 

proximal RF spot despite chromosomal repulsion, two CSs (CS 1 and CS 3) are shown to reach 

the RF spots in the 2F-elongated case due to comparatively stronger attraction from two proximal 

RF spots. Because of the proximity of the RF spots, neighboring CSs merge via inter-centrosomal 

attractions. The CSs in the 2D rounded scenario are strongly attracted from the surrounding RF 

band, resulting in the highest proportion of multipolarity compared to other cases.  



 

 

Fig. S10.   Spindle statistics in the experimentally conflicting parameter regime. (A) The bar 

plot shows the statistics of monopolar, bipolar, and multipolar spindles at weak CS-CRTX 

attraction when the amplitude of CS-RF attraction is less (region 1 with CS-RF attraction > CS-

CRTX attraction) or (B) greater (region 2 with CS-RF attraction >> CS-CRTX attraction) than the 

experimentally consistent CS-RF attraction. For the 2D-rounded case, the percentage of monopolar 

spindles exceeds the multipolar spindles at smaller CS-RF attraction (region 1), contradicting the 

experimental findings in Fig. 4C, main text. (C) Spindle statistics with significantly greater CS-

CRTX attraction, with CS-RF amplitude less (region 3) and (D) more (region 4) than the CS-

CRTX attraction. The data contained within the green dashed boxes contradicts the experimental 

prediction. 

 

 

 

 

 



Variation of range of interaction between CS-CS and CS-CH:   

Altering the range of interactions between CS-CS and CS-CH (denoted by 𝐿1) can substantially 

change the parameter space that satisfies the experiment for the 1F-elongated and 2D-rounded case 

(Fig. S11). We observed an upward shifting of the parameter regime when 𝐿1 is decreased (short-

range). For smaller 𝐿1the proportion of monopolarity is greater than the bi/multi polarity [1], which 

contradicts our experimental findings in Fig. 4C (see main text). Increased monopolarity at smaller 

𝐿1 arises due to weakened repulsion between the CS and CH.  For larger 𝐿1, the long-range 

repulsion among CSs pushes the CSs to the cell surface, increasing the multipolarity.  

Besides all other aspects, the proportion of monopolar spindles in the 2D-rounded scenario must 

be less than the multipolar spindles to satisfy the experimental predictions in Fig. 4C (see main 

text). Note that, monopolarity decreases and multipolarity increases in the presence of a strong, 

attractive force from the cell surface. Since the monopolarity is greater for smaller 𝐿1, larger 

forces from the retraction fibers are required to obtain the experimentally observed regime in 

which the multipolarity for the 2D case is greater than the monopolarity (see Fig. 4C, main text). 

As a result, we observe an upward shift in the experimentally consistent parameter regime for 

smaller 𝐿1  compared to larger 𝐿1. 

 

 

 

 

Fig. S11.   The spindle outcome depends on the interaction range between the CS-CS and 

CS-CH pairs. The joint parameter space satisfying the experimental results for the 1F-

elongated and 2D-rounded cases with different values of the range of interaction, 𝐿1, between 

the CS-CS and CS-CH pairs: 𝐿1= 𝑅𝑐 and 1.2 × 𝑅𝑐  , respectively (right); here, 𝑅𝑐 = 15 𝜇𝑚 is 

the cell radius. The nature of the forces acting between one such pair (between CS and CH) is 

shown (in left) for two different 𝐿1’s . 

 

 



Spindle morphology in the 2F-kite scenario:   

Although the RF distribution for the 2F-kite case is not well distinguished from the experiments, 

we attempt to investigate the spindle outcomes using three distinct RF spots on the cell surface. 

Two primary spots are positioned orthogonally and the third spot is on the opposite cell surface 

(Fig. S12A). We uncover that a smaller region around the bottom-right corner of the joint 

parameter space qualitatively reflects the experimental predictions for all four cases (1F, 2F, 2F-

kite, and 2D) (Fig. S12B). Note that, in this small parameter regime, the ratio of the amplitudes of 

CS-RF attraction to that of the CS-CRTX attraction is not too great (∼ 3) as it is on the left of the 

parameter space. We observe that the changes in the spindle statistics for the 1F-elongated, 2F-

elongated, and 2F-kite cases are relatively small within this joint parameter regime (Fig. S12C). 

These results are primarily attributed to the fact that in this parameter range, due to the relatively 

 
Fig. S12.   Spindle outcomes with 2F-kite case. (A) The shape and position of the RF-spots 

considered for the 2F-kite cases in the simulations based on the experimentally observed RF 

distribution. (B) A smaller region around the bottom-right corner of the joint parameter space 

qualitatively reflects the experimental predictions for all four cases (1F, 2F, 2F-kite, and 2D). 

The corresponding statistics of mono-, bi-, and multipolar spindles for one such point is shown 

in (C). Here, the statistics for the 1F, 2F and 2F-kite cases are relatively flat. (D) There is no 

substantial difference in the spindle outcomes when the third RF-spot is reduced in size or 

vanishes. 

 



small ratio of the CS-RF and CS-CRTX attractions, the spindle outcomes are predominantly driven 

by the forces from the larger cortical surface (through CS-CRTX attraction), with the RF spots 

having a minor effect on the spindle outcomes for the 1F-elongated, 2F-elongated, and 2F-kite 

cases. However, in the 2D case, the presence of a vast rounded RF region drastically alters the 

spindle statistics compared to the other scenarios (Fig. S12C). Furthermore, changing the size of 

the third RF-spot in the 2F-kite case has no significant effect on the spindle outcomes (Fig. S12D). 



 

 

 

 

Fig. S13.   Spindle axis orientations in 1F-elongated and 2D-rounded cases. Polar histograms 

of spindle axis orientations ( 𝜃𝑠 ) for (A) 1F-elonagetd and (B) 2D-rounded cases, respectively 

with 𝑓𝐶𝑆−𝐶𝑅𝑇𝑋
(0)

= 0.1 𝑝𝑁 and 𝑓𝐶𝑆−𝑅𝐹
(0)

= 0.75 𝑝𝑁.  

  



COMPUTATIONAL MODEL 

 

The centrosomes (CSs) and chromosomes (CHs) are distributed within a spherical cell with a 

radius of 𝑅𝑐. We considered a pairwise interaction between the objects [1]. The forces under 

consideration are conservative; thus, each pairwise interaction corresponds to potential energy. 

The entire cell surface is divided into parts where RF zones form on the cell surface under the 

influence of external fibers, and the remaining regions are devoid of RF patches. 

A. Construction of RF-spots on the cell surface 

 

Following the experimental findings, the RF spots on the cell surface are constructed in our 

computational model (Fig. 4D, main text). The cell is parameterized by 𝑅𝑐 , 𝜃, and 𝜑. 

𝜃 (∈ 0, 1800) signifies the polar angle, with 𝜃 = 0 denoting a point on the 𝑧 − axis, and 

𝜑 (∈ 0, 3600) denotes the azimuthal angle, with 𝜑 = 0 denoting a point on the 𝑥 − axis. Each 

RF-spot with an annular width of 𝑑𝜃 = 𝑑𝜑 is located at different positions on the cell’s surface 

depending on the number of external fibers. RF-zones are located right below the equatorial 

plane, with 𝜃 ranging from 900 to 900 + 𝑑𝜃. In each fiber scenario, the center of the RF-spots at 

different places on the cell surface is specified with an azimuthal angle 𝜑0. Hence, the spots 

would be ranges between 𝜑0 −
𝑑𝜑

2
 to 𝜑0 +

𝑑𝜑

2
. For the 1F-elongated case, we consider two spots: 

one is centered at 𝜑0 = 900, another one is on the diametrically opposite cell surface at 𝜑0 =
2700. We consider four spots for the 2F-elongated case: two of them are at 𝜑0 = 68.50 and 

111.50. The other two are on the opposite cell surface at 𝜑0 = 248.50and 𝜑0 = 291.50. We 

considered three spots for the 2F-kite scenario (Fig. S12A), two of which are positioned 

orthogonally at 𝜑0 = 00 and 900. The third is on the other cell sides, at 𝜑0 = 2250. Finally, for 

the 2D-surface case, the 𝜑 ranges from 0 to 3600, so that a band of RF-spots parallel to the XY – 

plane is formed right below the equatorial plane. 

 

B. Interactions between pairs of CSs 

 

A dynamically unstable MT emitted by the CS grows isotropically [2–5] and may approach or 

overlap with MTs emitted by other CSs, generating an effective attractive or repulsive force 

between the CSs due to the activity of molecular motors interacting with CSs and MTs [6, 7]. 

The repulsion between the CSs is a vital force responsible for increasing the number of 

multipolar spindles [1]. The predominance of attractive force is necessary to reduce multipolarity 

[1]. We introduce an attractive force between each pair of CSs with exponentially decreasing 

spatial dependence under the assumption of a large number of MTs with an exponential length 

distribution [2, 8, 9]. The corresponding change in potential energy of shifting one CS away from 

another CS from a distance 𝑟1 to 𝑟2 is then computed: 

             𝑓𝐶𝑆−𝐶𝑆 =  𝑓𝐶𝑆−𝐶𝑆
(0)

 𝑒
−𝑟

𝐿1
⁄  ,       ∆𝐸𝐶𝑆−𝐶𝑆 = −𝑓𝐶𝑆−𝐶𝑆

(0)
∫ 𝑒

−𝑟
𝐿1

⁄𝑟2

𝑟1
 𝑑𝑟.                                    (1)                                      

Here,  𝑓𝐶𝑆−𝐶𝑆
(0)

  is the amplitude of the force acting between each pair of CSs, r is the distance 

between them, and 𝐿1 denotes the spatial range of interaction between each pair of CSs. 

 



C. Interactions between each CS-KT pairs 

 

The KT-MTs connect the CS to the KT. The molecular motors on the KTs and KT-MTs generate 

net attractive forces acting between the CS and KT [10]. We consider the simplistic form of a 

constant, length-independent force [11, 12]: 𝑓𝐶𝑆−𝐾𝑇 =  𝑓𝐶𝑆−𝐾𝑇
(0)

. The respective potential energy of 

moving either a CS or KT from a distance 𝑟1 to 𝑟2 away from the other one: 

 

 ∆𝐸𝐶𝑆−𝐾𝑇 = −𝑓𝐶𝑆−𝐾𝑇
(0)

∫ 𝑑𝑟
𝑟2

𝑟1
 .   (2) 

D. Interactions between CS-CH pair 

 

A repulsive force is generated between the CS and CH due to the activity of MT polymerization 

and the molecular motors (chromokinesins: kinesin-10 and kinesin-4) that accumulate at the 

interface between the chromosomal arms and the microtubule tips that interact with the arms 

[13–16]. The form of the repulsive force and the respective potential energy read as: 

              𝑓𝐶𝑆−𝐶𝐻 =  𝑓𝐶𝑆−𝐶𝐻
(0)

 𝑒
−𝑟

𝐿1
⁄  ,                 ∆𝐸𝐶𝑆−𝐶𝐻 = −𝑓𝐶𝑆−𝐶𝐻

(0)
∫ 𝑒

−𝑟
𝐿1

⁄𝑟2

𝑟1
 𝑑𝑟.                      (3)                                    

Here,  𝑓𝐶𝑆−𝐶𝐻
(0)

 is the amplitude of the force acting between each CS-CH pair, 𝑟 is the distance 

between them, and 𝐿1 denotes the spatial range of interaction between each CS-CH pair. 

The spatial range of interaction 𝐿1 is kept constant for each CS-CS and CS-CH pair: the 

underlying assumption is that microtubules of the same average length connect them. In addition, 

the objects (CS, CH/KT) in three of the above interactions are thought to be point-like. The force 

vectors act along the center of mass of the objects. The interaction with chromosomal arms is not 

explicitly considered in our model; instead, a point resembling the center of mass of the 

chromosome arms is considered to account for the interaction between the CS and CH. We make 

use of the fact that the center of mass of both KTs and chromosomal arms are close together in 

the centromeric region of one chromosome. Thus, we employ two force vectors for a single 

chromosome: one connecting the CS and KT, and the other parallel vector connecting the CS to 

the respective chromosome arms. 

 

E. Interactions between the CS and the cell cortex 

 

As mentioned earlier, the entire cell surface is divided into two sections: those where the cortical 

region appears to operate as a hotspot for retraction fibers and those that are free of retraction 

fibers. When we refer to the “cell cortex”, we mean the parts of the cell surface that lack 

retraction fibers. The discussions/statements on retraction fiber zones are made explicit in the 

appropriate locations. 
When the astral MTs from the CSs reach the cell cortex, they are reeled in by the molecular 
motors, causing an attraction on the CS [17–20]. As explained below, the cell cortex is 
approximated by discrete cortical nodes in the simulations. We utilize the following force 
expression to account for the attraction between a single CS and a cortical node: 

 𝑓𝐶𝑆−𝐶𝑅𝑇𝑋 =  𝑓𝐶𝑆−𝐶𝑅𝑇𝑋
(0)

 𝑒
−𝑟

𝐿2
⁄ . (4) 



Here,  𝑓𝐶𝑆−𝐶𝑅𝑇𝑋
(0)

  is the amplitude of the force acting between the CS and the cortical node, 𝑟 is 

the distance between them, and 𝐿2 is the spatial range of interaction with the cortex. 

The corresponding potential energy of moving a CS from a distance 𝑟1(𝐬) to 𝑟2(𝐬) away from the 

cortical node point with coordinate 𝐬, read as: 

                                             ∆𝐸𝐶𝑆−𝐶𝑅𝑇𝑋 =  − ∫ 𝑑𝐬
Ω

∫  𝑓𝐶𝑆−𝐶𝑅𝑇𝑋
(0)

 𝑒
−𝑟

𝐿2
⁄𝑟2(𝐬)

𝑟1(𝐬)
 𝑑𝑟.                          (5)                      

The integral over the cell cortex Ω becomes the sum over the nodes for discrete cortical nodes. 

 

F. Interactions between the CS and the retraction fibers zone 

 

Astral MTs are more likely to interact with the RF-zones using similar spatially dependent force 

profiles. However, it is reasonable to expect that the actin-reach retraction fiber regions would 

interact with astral MTs with a different force amplitude than the rest of the cell cortex. Similar 

to the force expression used above in Eq. 4, we assume an exponentially diminishing attractive 

force acting on the CS due to molecular motor activity on the RF-Zones, with a force amplitude 

 𝑓𝐶𝑆−𝑅𝐹
(0)

: 

 

 𝑓𝐶𝑆−𝑅𝐹 =  𝑓𝐶𝑆−𝑅𝐹
(0)

 𝑒
−𝑟

𝐿2
⁄ .  (6) 

The respective potential energy ∆𝐸𝐶𝑆−𝑅𝐹would follow a similar form of Eq. 5: 

 

                                             ∆𝐸𝐶𝑆−𝑅𝐹 =  − ∫ 𝑑𝐬
Ω′

∫  𝑓𝐶𝑆−𝑅𝐹
(0)

 𝑒
−𝑟

𝐿2
⁄𝑟2(𝐬)

𝑟1(𝐬)
 𝑑𝑟.                                 (7) 

 

The integral over the RF attachment regions on the cell surface Ω′ becomes the sum over the 

discrete surface nodes attached to the RFs. 

 

 

SIMULATION PROTOCOL 

 

The centrosomes and chromosomes are initially distributed randomly inside a spherical cell of 

radius 15 𝜇𝑚. The cell interior is fragmented into a three-dimensional cubic lattice grid with 

lattice spacing of 1 𝜇𝑚. The cell surface is discretized into roughly equidistant nodes with grid 

size comparable to the inside cell. The CSs and CHs are represented by point-like objects. Any 

particle cannot move to a site that is occupied by any other particles. Between pairs of 

chromosomes, there is a steric repulsion that scales as the inverse square mutual distance and is 

active when the mutual distance is less than two units of the numerical grid. CSs and CHs are not 

permitted to cross the cell border during temporal evolution.  

The system is simulated using the Monte-Carlo algorithm. At each Monte Carlo Step, the system 

is updated in the following manner: 
1. A CS or CH is chosen randomly. 

2. If the chosen object is CS, then the respective energy change ∆𝐸 for moving it from its 
former position 𝑟1 to a randomly chosen vacant site at the position 𝑟2 is computed by adding 
∆𝐸𝐶𝑆−𝐶𝑆,  ∆𝐸𝐶𝑆−𝐾𝑇, ∆𝐸𝐶𝑆−𝐶𝐻,  ∆𝐸𝐶𝑆−𝐶𝑅𝑇𝑋, and ∆𝐸𝐶𝑆−𝑅𝐹. 



3. If it is a CH, then the change in the energy, ∆𝐸, is determined by adding ∆𝐸𝐶𝑆−𝐾𝑇  and 
∆𝐸𝐶𝑆−𝐶𝐻  only. The move to the vacant site is accepted if ∆𝐸 ≤ 0. Otherwise, the move is accepted 

with Boltzmann weight 𝑃 = 𝑒−𝛽𝐸, where E is inversely proportional to the effective temperature 
required to update the system [21]. The simulation is continued until the system achieves a stable 
mechanical equilibrium. Two or more CSs are considered clustered in the equilibrium 
configuration if they are within a distance 𝑑𝑚𝑒𝑟𝑔𝑒  (~ 1.5 𝜇𝑚, corresponding to when two CSs are 

in the nearby nodes of the numerical grid). The equilibrium statistics were generated using 1000 − 
5000 random initial configurations. The model parameters are noted in TABLE I. More 
information on simulation details can be found in [1]. 

 

 

 

 

 

 

 

 

 

 

 

 



TABLE I. List of parameters used in this work 

 
 
 
  

 

Abbreviations 

 

Meaning 

 

Value | Range 

 

 𝒇𝑪𝑺−𝑪𝑺
(𝟎)

 Amplitude of CS-CS attraction −1.5 𝑝𝑁 

 𝒇𝑪𝑺−𝑲𝑻
(𝟎)

 Amplitude of CS-KT attraction −4.0 𝑝𝑁 

 𝒇𝑪𝑺−𝑪𝑯
(𝟎)

 Amplitude of CS-CH repulsion 10 𝑝𝑁 

 𝒇𝑪𝑺−𝑪𝑹𝑻𝑿
(𝟎)

 Amplitude of CS-CRTX attraction 0 to − 2 𝑝𝑁 

 𝒇𝑪𝑺−𝑹𝑭
(𝟎)

 Amplitude of CS-RF attraction 0 to − 2 𝑝𝑁 

𝑹𝒄 Cell radius 15 𝜇𝑚 

𝒅𝜽, 𝒅𝝋 Annular width of the RF-spots         200 | 100 to 300 

𝑳𝟏 Spatial range of CS-CS and CS-CH 

interactions 

1.2 ×  𝑅𝑐 𝜇𝑚 | 𝑅𝑐 𝑡𝑜 ~ 1.33 × 𝑅𝑐 𝜇𝑚 

 

𝑳𝟐 

 

Spatial range of CS-CRTX and CS-

RF interactions 

 
𝐿1

4
𝜇𝑚 

 

𝒅𝒎𝒆𝒓𝒈𝒆 

 

Merging distance between 

centrosomes considered as clustered 

 

1.5 𝜇𝑚 

 

𝜷 

 

Inverse temperature                     

 

20 (𝑝𝑁 × 𝜇𝑚)−1 
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Movie Legends 
 
Movie S1: HeLa cell expressing Histone H2B GFP dividing on a single fiber (timestamp-h:min) 

and scale bar 20 µm. 

Movie S2: HeLa cell expressing Histone H2B GFP dividing on a orthogonal arrangement of fibers 

(timestamp-h:min) and scale bar 20 µm. 

Movie S3: HeLa cell expressing Histone H2B GFP dividing on a fiber doublet (timestamp-h:min) 

and scale bar 20 µm. 

Movie S4: HeLa cell expressing Histone H2B GFP dividing on multiple fibers (timestamp-h:min) 

and scale bar 20 µm. 

Movie S5: HeLa cell expressing Histone H2B GFP dividing on flat glass coverslips (timestamp-

h:min) and scale bar 20 µm. 

Movie S6: High-speed recording of division event of Hela cell on single fibers, showing 

movements of the rounded cell during metaphase (timestamp-h:min:sec) and scale bar 20 µm. 

Movie S7: High-speed recording of division event of Hela cell on crossing fibers (timestamp-

h:min:sec) and scale bar 20 µm. 

Movie S8: High-speed recording of division event of Hela cell on a fiber doublet (timestamp-

h:min:sec) and scale bar 20 µm. 

Movie S9: High-speed recording of HeLa division on multiple fibers (timestamp-h:min:sec) and 

scale bar 20 µm. 

Movie S10: Metaphase plate (MP) oscillations over the course of mitosis for HeLa cell dividing 

on a single fiber. Red arrow is included in the GFP channel for visual tracking of the MP 

oscillations (timestamp-h:min) and scale bar 20 µm. 

Movie S11: Metaphase plate (MP) oscillations for HeLa cell dividing on crossing fibers 

(timestamp-h:min) and scale bar 20 µm. 

Movie S12: Metaphase plate (MP) oscillations for HeLa cell dividing on fiber doublets 

(timestamp-h:min) and scale bar 20 µm. 

Movie S13: Reduced level of metaphase plate (MP) oscillations for HeLa cell dividing on multiple 

fibers (timestamp-h:min) and scale bar 20 µm. 

Movie S14: Simulation movies demonstrating the formation of a monopolar spindle in the 2D-

rounded case. CSs are yellow, chromosome arms are blue, KTs are red. The region between two 

circular rings (colour: orange) at the equatorial area represents the RF-band. 

Movie S15: Simulation movies demonstrating the formation of a bipolar spindle in the 2D-rounded 

case. CSs are yellow, chromosome arms are blue, KTs are red. The region between two circular 

rings (colour: orange) at the equatorial area represents the RF-band. 

Movie S16: Simulation movies demonstrating the formation of a multipolar spindle in the 2D-

rounded case. CSs are yellow, chromosome arms are blue, KTs are red. The region between two 

circular rings (colour: orange) at the equatorial area represents the RF-band. 

 

 
 

 

 

 


