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Figure 5: APC/C co-activator activity of familial CDC20 variants is still required to promote mitotic slippage. 
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Figure 6: Functional analyses of the CDC20 N331K mutant in patient skin fibroblasts demonstrate a SAC impairment 
phenotype.
(A) Visual timeline of the experimental procedure of the mitotic slippage assay on N331K patient skin fibroblasts. 
(B) Visual representation of N331K mitotic skin fibroblasts observed using time-lapse microscopy for 72 h. Fibroblasts were 
obtained from the two sisters in fmOGCT7 (who are heterozygotes for the N331K variant – III-1 and III-2, see Fig. 1B) and WT 
non-carriers. Images were taken every 15 min following nocodazole treatment. Each analyzed cell was noted for the frame at 
which it entered mitosis and when it slipped into interphase again. Bar cut-offs into white spaces indicate cell death. The colour 
scheme is as follows: grey, interphase; blue, mitosis. The frames were converted to and shown in minutes (x-axis). N = 100 
cells per patient (y-axis).  
(C) Comparison of mitotic length for patient and control fibroblasts. Only cells that completed mitosis and entered interphase 
again were considered. NT = not treated with nocodazole. An ordinary one-way ANOVA with Tukey’s multiple comparisons test 
was used (nIII-1=70; nIII-2=63; nControl 1=56; nControl 2=57; nIII-1_NT=65; nControl 2_NT=72; ****: p < 0.0001). The solid lines indicate the 
medians of each plot; the dotted lines indicate the lower and upper quartiles.
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Figure 7: The Cdc20 N331K mutant exhibit mitotic defects and accelerate tumor formation in vivo. 
(A) Schematic of the incorporation of the N331K mutation in the Cdc20 locus in Mus musculus using the CRISPR-Cas9 gene editing technology. An HpaI
restriction site was included for genotyping purposes.
(B) Summary of the genotypes of newborn pups obtained from intercrosses of Cdc20N331K/+ mice.  
(C) Visual timeline of the experimental procedure of the time-lapse microscopy performed on MEFs extracted from the N331K mouse. 
(D) Scatter violin plots of the duration of mitosis for +/+ (WT) and N331K/+ (het) MEFs from the different isolated mouse embryos. The numbers indicate the 
MEF IDs. Images were taken every 15 min following nocodazole treatment. Each analyzed cell was noted for the frame at which it entered mitosis and when it 
entered interphase again. Only cells that completed mitosis and entered interphase again were considered (n1 = 37; n2 = 26; n3 = 36; n6 = 41; n7 = 22; n4 = 33; 
n5 = 18; n8 = 36). The thick lines indicate the medians of each plot; the thin lines indicate the lower and upper quartiles. 
(E) Quantification of the average duration of mitosis before slippage between all N331K/+ and WT MEFs analyzed in panel C. The individual means in panel C
were taken and used to compute the average times here. An unpaired, two-tail t test was used (+/+: n = 3, avg. time = 112 min; N331K/+: n = 5, avg. time = 45 
min; ****: p < 0.0001). Error bars: SEM. 
(F) Survival (Kaplan-Meier) plot of animals from a cross between N331K heterozygote mice and mice carrying the Eµ-myc onco-transgene. All mice that were 
observed in moribund states (due to signs of cancer/lymphoma – swollen lymph nodes, hunched posture, roughed fur, hyperventilation, and reduced activity) 
were euthanized and were considered at endpoint for the calculation of the curves. A log-rank (Mantel-Cox) test was performed to compare the survival 
curves. Cdc20N331K/+/Eµ-myc-: n=22; Cdc20+/+/Eµ-myc+: n = 36, median survival = 137 d; Cdc20N331K/+/Eµ-myc+: n = 32, median survival = 83 d; p < 0.0001.
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Figure 8: A proposed mechanism by which CDC20 mutants L151R and N331K attenuate the SAC, resulting in aberrant 
mitotic progression. 
Left panel: During the SAC in cells with WT CDC20, proteins MAD2, BUBR1, BUB3 and CDC20MCC form the mitotic checkpoint 
complex (MCC) to inhibit the APC/CCDC20 complex. The CDC20 molecules that are part of the APC/C or MCC are indicated by 
their superscripts. 
Right panel: In cells with mutant (L151R or N331K) CDC20, mutant CDC20MCC molecules have an impaired interaction with 
BUBR1 (shown by red, dotted double arrows). Thus, defective MCCs outcompete the fully functional MCCs (as indicated by 
>>>), and fewer APC/CCDC20 complexes are inhibited during the SAC. Cells experience a disrupted SAC and undergo mitotic 
slippage. 
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