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Supplementary Video S1 Video of CFD simulation showing the dynamic process of 

cell trapping in the array. Cells in suspension bypass the occupied traps and are captured 

in empty traps downstream. 
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Supplementary Video S2 A budded yeast cell was rotating when flowing towards an 

empty trap, and then immobilized at the trap. Afterwards, cells coming upstream were 

bypassing the occupied trap. In order to record the cell movement, the flow rate was 

slowed down to 0.5 μL/min. Scale bar is 10 μm. 

  



4 

 

 

Supplementary Figure S1 CFD simulation of hydrodynamic forces exerted on an 

immobilized budding yeast cell. (A) Hydrodynamic forces on the bud quantified by 

arrow length during hydrodynamic rotation of budding yeast from upstream to 

downstream in a 45-degree interval on the xz plane. (B) Hydrodynamic forces on a 

growing bud (diameter: 2 μm, 3 μm and 4 μm) towards the downstream to evaluate the 

cell retention and daughter detachment in the orifice.  
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Supplementary Video S3 Bud rotating, swaying and fixedness of immobilized 

budding yeast cells with their buds at different sizes. Scale bar is 5 μm. 

 

  

Supplementary Video S4 Momentary daughter dissection and immediate bud 

reorientation towards downstream. Scale bar is 5 μm. 
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Supplementary Video S5 Time-lapse images of the whole lifespan of an immobilized 

budding yeast cell from newborn to death (RLS: 25 generations). Scale bar is 5 μm. 
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Supplementary Figure S2 Calculation of RLS and BTI by using the digital matrix and 

oscillogram recorded from the representative cell in Figure 5(A). 
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Supplementary Table S1. A comparison of reported RLS data of budding yeast using 

conventional and microfluidic methods. 

Reference Strain RLS 

Methods for 

daughter cell 

removal 

No. 

samples 

This paper a diploid BY4743 24.293.65 Microfluidic 786 

[1] Sarnoski, iScience, 

2018 b 
diploid BY4743 290.7 Microfluidic 50 

[2] Yang, Cell Cycle, 

2011  
diploid BY4743 26.5 Manual 30-50 

[3] Lee, PNAS, 2019  
diploid AH2601 

AH2801  
24 Manual 161 

[4] Kaeberlein, 

Ageing Dev., 2005 
diploid BY4743 37.5 Manual 110 

[5] Qin, Exp. 

Gerontol., 2006  
diploid BY4743 33.20.9 Manual 90 

[6] Delaney, FEMS 

Yeast Res., 2013  
diploid BY4743 33.7 Manual 529 

[7] Jo, PNAS, 2015 c 
haploid 

BY4741 
25.76 Microfluidic 458 

[8] Crane, PLOS 

ONE, 2014 d 
haploid S288C 22.4 Microfluidic 422 

[9] Lee, PNAS, 2012 e haploid S288C 21 Microfluidic 76 

[10] Liu, Cell Rep., 

2015 f 

haploid BY 

background 
29.3 Microfluidic 100 

[11] Minois, PNAS, 

2015  
haploid S288C 29.961.72 Manual 46 

[12] Defossez, Mol. 

Cell, 1999  

haploid K2307 23.7 

Manual 

50 

haploid W303 21.6 37 

[13] Kang, Mol. Biol. 

Cell, 2022  

haploid 

BY4741 
29 Manual 28 

[14] Smith, Genome 

Res., 2008 

haploid 

BY4742 
24.4 Manual 20 

Separately, the microstructures designed for accommodating budding yeast cells in the microfluidic 

methods were a “leaky bowl”-shaped traps, b “[ ]” -shaped cages, c “U”-shaped traps, d “/ \”-shape traps, 

e “pensile pads”, f “U”-shaped traps. 
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Supplementary Figure S3 Wireframes of the model geometry containing channel 

walls (black), a 5  5 array of cell traps (blue) and immobilized yeast cells (brown) and 

culturing medium filled in the residual space of the model. (A) 3D view of the 

simplified geometric model established as follows: A 5  5 cell-trap array with different 

settings of geometric features (dr and dm) was placed in the middle of a microchannel, 

which featured 400 μm × 8 μm outer profile in xz-dimension and variable length dy in 

y-axis for fitting 5 columns of traps. The distance between adjacent columns was set to 

30 μm. (B) 2D cross-section view of the array for particle trajectory tracing. dr, dm and 

dy in modeling were set to 34 μm, 17 μm and 158 μm, respectively.  
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Supplementary Table S2. Geometric settings of the cell-trap array in CFD simulation  

Setting 
Distance between 

adjacent rows (dr) [μm] 

Misalignment in 

rows (dm) [μm] 

Outer profile in y-

dimension (dy) [μm] 

1 30 10 (
1

3
dr) 155 

2 30 15 (
1

2
dr) 150 

3 34 17 (
1

2
dr) 168 

 

Supplementary Table S3. General settings and parameters in CFD simulation 

Parameter Setting/Value 

Boundary condition at walls No-slip condition 

Flow speed at inlet 5 m/s 

Density of fluid subdomain 1000 kg/m3 

Dynamic viscosity 0.001 Pa•s 

 

Supplementary Table S4. Settings and parameters of particle trajectory tracing in cell-

trapping simulation  

Parameter Setting/Value 

Flow speed at inlet 0.004 m/s 

Boundary condition of particles at walls Bounce 

Particle properties 
Mass 1×10-12 kg 

Diameter 1×10-6 m 

Inlet boundary 

Particle initial position Uniform distribution 

Number of particles 200 

Particle initial velocity Equal to fluid velocity 

Particle release time 0 s 
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Supplementary Figure S4 3D wireframe of the model geometry in simulation of bud 

rotation in a single trap, containing channel walls (black), a trap (blue) and a budding 

yeast cell (brown) and culturing medium filled in the residual space of the model. 

Geometric conditions were set as follows: The trap was placed in the center with 

30 μm × 34 μm × 8 μm outer profile in xyz-dimension; the budding yeast cell was set 

as a conjugation of an ellipsoid (5 μm × 4.4 μm) and a sphere (2 μm in diameter), 

contacting with each other at the upstream end of the major axis of the ellipsoid initially. 

To imitate the bud rotation in the trap, the mother cell together with its bud, were set to 

rotate from -x to +x direction along the xz-plane with a 45-degree interval, meanwhile 

the mother was kept contacting with the “bowl” bottom; to imitate bud growth after the 

bud was relocated in the narrow orifice, the diameter of the sphere was set 2 μm, 3 μm 

and 4 μm, respectively.  
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