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 563 

Fig.1 Consolidation and SCRaMbLE of six synthetic chromosomes. 564 

a, Schematic diagram showing the construction of the synthetic yeast strain yZSJ025 565 

and the analysis of rearrangement events following SCRaMbLE. b, Circos plot of 566 

intra- chromosomal rearrangement events in yZSJ025. c, Circos plot of 567 
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inter-chromosomal rearrangement events in yZSJ025. In (a) and (c), two loxPsym 568 

sites where rearrangement events occur are connected with a line, with its intensity 569 

representing the frequency of this event. d, Classifications of rearrangement events 570 

with percentages of different groups calculated by event numbers and read numbers 571 

respectively. Different groups of events are labeled in different colors as indicated. e, 572 

Correlation analyses between the rearrangement frequency and the number of 573 

loxPsym sites on each chromosome. Pearson correlation analysis was applied to 574 

determine the correlation coefficient and associated p values.  575 
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 576 

Fig.2 Investigating rearrangement frequencies revealed a specific rearrangement 577 

pattern among synthetic yeast chromosomes. 578 

a, Landscape of rearrangement frequencies along synII, synIII, synV, synVI, synIXR 579 

and synX. 17 loxPsym sites were initially inserted at the synthetic telomere regions, 580 

with flanking sequences not distinguishable from each other. They were excluded 581 

from the identification of rearrangements reads. b, Comparison of rearrangement 582 

frequencies between hotspots and coldspots. Rearrangement frequencies of hotspots, 583 

coldspots and all 877 loxPsym sites. The points represent the rearrangement 584 

frequencies of each loxPsym site. Horizontal lines indicate weighted means. The p 585 

values were calculated using two-tailed paired two-sample t-tests. c, 586 

Intra-chromosomal rearrangement patterns of synV following SCRaMbLE in three 587 

different yeast strains, yXZX846 (synV), yYW169 (synV, synX) and yZSJ025 588 
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respectively. Pearson correlation analysis was applied to determine the correlation 589 

coefficient and associated p values. For (a) and (c), red dots indicate centromeres. 590 

  591 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 28, 2022. ; https://doi.org/10.1101/2021.07.19.453002doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.19.453002


32 

 

 592 

Fig.3 Rearrangement frequency in correlation with chromatin accessibility. 593 

a, Average ATAC-seq signals of the hotspot- and coldspot-centered 800 bp regions. b, 594 

ATAC-seq signals for a typical rearrangement hotspot and a coldspot in the 186-300 595 

kb region of synX. 596 
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 598 

Fig.4 Rearrangement frequency in correlation with 3D chromosome 599 

conformation. a, Hi-C heatmap. The heatmap value for a site (i, j) is the contact 600 

probability (log2) between genomic loci i (horizontal axis) and j (vertical axis). Both 601 

axes are displayed at a 1 kb resolution. Spots with different heatmap values from low 602 

to high are colored from light yellow to red as indicated. b, Rearrangement frequency 603 

heatmap. The heatmap value for a site (i, j) is the rearrangement frequency (log2) of 604 

the event occurring at the loci i (vertical axis) and j (horizontal axis). Spots with 605 

different heatmap values are labeled in red with different intensities as indicated. c, 606 

3D structures of synthetic chromosomes inferred from the Hi-C contact map 607 

displayed in panel (a). Synthetic chromosomes are labeled with different colors and 608 

the native chromosomes are shown in grey. Centromeres and telomeres were 609 
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represented by dark and red spheres respectively. d, Comparisons of the contact 610 

probability and frequency of rearrangement events at loci in pericentromeric regions 611 

(CEN) and in other regions (Others). The CEN are centromere-centered 10 kb regions. 612 

e, Comparisons of the contact probability and frequency of rearrangement events at 613 

loci in peritelomeric regions (TEL) and in other regions (Others). The TEL are ≤5 kb 614 

from telomeres. For (d) and (e), each data point represents 1 kb bin in regions as 615 

indicated. Horizontal lines indicate weighted means. The p values were calculated 616 

using two-tailed paired two-sample t-tests. 617 
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 619 

Fig.5 Mechanistic models of the effects of hierarchical chromatin organization on 620 

chromosomal rearrangement. 621 

a, A schematic model interpreting the difference of the frequencies of two 622 

rearrangement events with different contact probability. b, The loxPsym positions of 623 

pair 1: synX 183 kb and synX 184 kb; pair 2: synX 184 kb and synX 342 kb. c, A 624 

schematic model interpreting the difference of the frequencies of two rearrangement 625 

events with different chromatin accessibility. d, The loxPsym positions of pair 3: 626 

synII 186 kb and synII 204 kb; pair 4: synV 346 kb and synV 384 kb. e, A schematic 627 
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model interpreting two rearrangement events with similar frequencies as a result of 628 

counter-effects by contact probability and chromatin accessibility. f, The loxPsym 629 

positions of pair 5: synVI 125 kb and synVI 202 kb; pair 6: synII 504 kb and synII 630 

507 kb. 631 
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