Supplementary Data
1 Polymer physics principles for the generation of interphase cell nucleus models
1.1 Algorithms to generate TADs in each chromosome in the cell nuclues
Considering a TAD unit in a certain chromosome, the repulsive potential energy from the jth TAD in the ith chromosome can be expressed as


where a is the repulsive coefficient, σTAD = 300 nm is the typical diameter of a TAD, and rij is the distance between the two TADs. The tensile potential energy from the neighbouring TADs can be expressed as


where k is the tensile coefficient. The aggregation of the subcompartment is taken as a form similar to the gravitational potential


where g is the subcompartment cohesion constant. By summing up the three components, the total potential energy of the TAD is taken as


where N is the number of chromosomes in the nucleus and Mi is the number of TADs in the ith chromosome. We then arrive at the force acting on the TAD



1.2 Algorithms to generate the distribution of chromatin fibers in the cell nucleus
Similar to the TAD, the repulsive potential energy of a chromatin unit (CU) from the kth CU in the jth TAD in the ith chromosome can be written as


where σCU = 32 nm is the typical diameter of a CU and rijk is the distance between the two CUs. For simplicity, the range of the repulsive potential is increased by a factor of 2 to incorporate the loop extrusion effect driven by the motor protein in chromatin decondensation. Otherwise we will need to introduce a new form of potential energy and a corresponding parameter to account for this effect. The factor of 2 is adopted based on our observation of the shape of the chromatin loops as we modify this factor. The tensile potential energy from neighboring CUs can be expressed as


The bending potential energy of the CU in the chromatin fiber is modeled as


where γ is the stiffness of the chromatin fiber and θ is the bending angle of the chromatin fiber at the CU under consideration. The binding energy of a pair of binding protein is assumed as


where b is the affinity the binding protein and r is the distance between the protein pair. The total potential energy of the CU is taken as


where Kij is the number of CU in the Mi TAD. We then arrive at the force acting on the CU


2. Estimation of the typical size of TAD units
It was reported that human genomes are partitioned into contact domains with a median length of 185 kb, encompassing both loop domains (with interactions between domain boundaries) and ordinary domains (without such interactions) (DOI: http://dx.doi.org/10.1016/j.cell.2014.11.021). Using this median length, we first estimated the total number of contact domains in the human genome of 6 Gb/185 kb≈32.4k. The same study also documented ~10k loops in GM12878 cells. We thus defined ~22.4k TADs to represent ordinary domains, with 10k loop domains positioned at interfaces between these TADs. This setup results in an average DNA content per TAD of ~268 kb. To estimate the physical size of these TADs, we assumed a typical human cell nucleus volume of 600 μm³. The volume occupied by a single TAD was approximated by distributing the total nuclear volume proportionally to the DNA content of each TAD. Thus, the typical diameter of a TAD is estimated as (600 μm³×268 kb/6 Gb)1/3≈0.3 μm, or 300 nm.




Figure S1. Convergence curves for stage one relaxation with various maximum step size (a and b) and random thermal motion (c and d) settings. The entire relaxation process (a and c) and the relaxation after 1000 iterations (b and d) are plotted separately for clear visualization.


Figure S2. Convergence curves for stage three relaxation with various maximum step size (a) and random thermal motion (b) settings.
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Figure S3. Visualization of 6 instances of the cell nucleus model generated using different random number seeds. All chromosomes across the 6 panels adopt the same color coding. The units for all axes are in nm.
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Figure S4. Visualization of chromosomes No. 1 (blue), 10 (orange), and 20 (yellow) in 6 instances of the cell nucleus model (the same as in Figure S6). The units for all axes are in nm.
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Figure S5. Spatial clustering of chromatin fibers in 6 instances of the cell nucleus model (the same as in Figure S6) represented by the Ripley’s K function. 
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Figure S6. Comparison of measured and simulated expected probability curves for chromosome No. 3 (a), chromosome No. 9 (b), chromosome No. 15 (c), and chromosome No. 21 (d).
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Figure S7. The impact of the loop extrusion effect as modeled by the increased repulsive range on the morphological distribution of chromatin fibers. Panel (a): without loop extrusion effect. Panels (b-d): the repulsive range increased to 1.5, 2, and 3 times the physical dimension of the chromatin fiber unit. The units for all axes are in nm.
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[bookmark: _GoBack]Figure S8. The impact of the chromatin fiber repulsive range on the production of different types of chromosomal aberrations (a) and total aberrations (b). The repulsive range is denoted as a multiple of the physical dimension of the chromatin fiber unit (CU).
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