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Supplementary figure legends  

Fig.S1. Representative images of cells categorised as ‘other’ in Figures 1 and 2. Images correspond to the 

ORC1/CDC6 RNAi cell line, 96h after RNAi induction by tetracycline. The cells have a variable configuration 

of nucleus and kinetoplast numbers, and no predominant nucleus to kinetoplast ratio was observed. In 

addition, all cells present an irregular cellular shape. Scale bar represents 5 μm.  

Fig.S2. FACS profiles following RNAi against TbORC1/CDC6, TbORC4 and Tb3120 in procyclic form T. 

brucei. Histograms representing the distribution of cell populations according to DNA content, after 

staining with propidium iodide and analysis by flow cytometry, is shown. Approximately 30,000 cells were 

analysed per sample. Histograms from RNAi induced cells (Tet+, red line) and from uninduced control cells 

(Tet-, black line) are shown for various time points, which relate to emergence of aberrant cell types as 

described in Fig.1 

Fig. S3. Analysis of the growth in cell culture, DNA replication efficiency and cell cycle progression of PCF 

T. brucei cells expressing endogenously 12myc tagged replication factors. A. Confirmation of the 

expression of TbORC1/CDC6, TbORC1B, TbORC4, Tb7980 and Tb3120 tagged with 12myc by western blot of 

whole cell extracts. B. Growth curves are shown of untagged T. brucei PCF cells (927 wt) relative to 

TbORC1/CDC6 -/12myc, TbORC1B 12myc, TbORC4 12myc, Tb3120 12myc and Tb7980 -/12myc cells. In each 

case the different cells were inoculated at a concentration of 1 x 106 cells/ml and cell density was then 

assessed every 24 h. Values represent the the mean of two independent experiments, and the error bars 

show the SEM. C. Cells were stained with DAPI, and the different cell cycle stages quantified based on N-K 

configuration. A minimum of 125 cells was counted per experiment, and the percentage of cells in each cell 

cycle stage was calculated from the total number of cells counted per cell line. The mean of two (Tb3120 

and Tb7980) or three (TbORC1/CDC6, TbORC1B and TbORC4) independent experiments is shown and error 

bars represent the SEM. D. Cells at a density of 1 x 107 were collected and incubated with EdU for 3 h, and 

then stained for EdU detection and quantification by fluorescent microscopy. A minimum of 125 cells was 

counted per experiment, and the percentage of cells showing nuclear EdU signal was calculated from the 
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total number of cells counted per cell line. Data shown represent the mean % of EdU positive cells from two 

independent experiments, and the error bars show the SEM. 

Fig.S4. Quantification of putative ORC factor subcellular localisation through the cell cycle. PCF T. brucei 

cells expressing TbORC4-12myc (A), Tb3120-12myc (B), or 12myc-Tb7980 (C) were fixed and stained with 

DAPI or with AlexaFluor® 488-conjugated anti-myc antibody. Intensity of the DAPI and myc signals is 

represented (dots) as the mean pixel intensity within a circular region of interest  (21 x 21 pixels), drawn 

around each individual cell nucleus; for the myc data, the red dotted line represents the average 

background signal measured in 927wt cells that do not express any tagged protein. In each case, cells are 

separated by cell cycle stage, determined by N-K ratio in the DAPI images: 1N1K cells (G1 phase), 1N1eK 

cells (S phase), 1N2K cells (G2/M phase), and 2N2K cells (post-mitosis). In all cases, >240 cells were 

analysed; median values are represented, with error bars depicting the interquartile range. Statistical 

significance between the different cell cycle stages was assessed using the Kruskal-Wallis non-parametric 

test: (*) p-value < 0.05; (**) p-value < 0.01; (***) p-value < 0.001; (****) p-value <0.0001. 

Fig.S5. Super resolution imaging of TbORC1/CDC6 through the cell cycle. PCF T. brucei cells expressing 

TbORC1/CDC6-12myc were incubated for 3 h with 150 µm EdU, fixed and stained with DAPI and with 

AlexaFluor® 488-conjugated anti-myc antibody, while EdU was detected with AlexaFluor® 594-conjugated 

azide. Images were acquired with a Zeiss Elyra super-resolution microscope system in SIM mode. In each 

case, representative maximum projection images are shown of cells in the different cell cycle stages, 

determined by N-K ratio in the DAPI images: 1N1K cells (G1 phase), 1N1eK cells (S phase), 1N2K cells (G2/M 

phase), and 2N2K cells (post-mitosis). In each case, the rightmost image shows a merge of the EdU (red), 

anti-myc antiserum (green) and DAPI (blue) signals, while the three images from left to right show the 

individual EdU, anti-myc antiserum and DAPI signals in greyscale. The three signal intensities for each cell 

type are quantified in the plots to the left; signal intensities (y-axes, arbitrary units) were analysed in a 

horizontal line across the boxed area surrounding the nucleus.  

Fig.S6. Super resolution imaging of TbORC4 through the cell cycle. This figure is organized as in Fig.S5 and 

cells were prepared in the same way, except that T. brucei PCF cells expressing TbORC4-12myc were used.  

Fig.S7. Super resolution imaging of TbORC1B through the cell cycle. This figure is organized as in Fig.S5 and 

cells were prepared in the same way, except that T. brucei PCF cells expressing TbORC1B-12myc were used.  

Fig.S8. Super resolution imaging of TbMCM3 through the cell cycle. This figure is organized as in Fig.S5 and 

cells were prepared in the same way, except that T. brucei PCF cells expressing TbMCM3-12myc were used.  

Fig.S9. Cell-cycle dependent nuclear localisation of TbORC1/CDC6, TbORC4, Tb3120, TbORC1B and 

Tb7980 in bloodsteam form T. brucei. Immunofluorescent detection of TbORC1/CDC6 -12myc (A), TbORC4 
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-12myc (B), Tb3120-12myc (C), TbORC1B-12myc (D) or 12myc-Tb7980 (E) with anti-myc antiserum (middle 

row) in 1N1K cells (G1 phase), 1N1eK cells (S phase), 1N2K cells (G2/M phase), and 2N2K cells (post-

mitosis); the same cells are shown stained with DAPI (top row), and the cell outline is shown by DIC (lower 

row). Images were acquired using a DeltaVision imaging system and deconvolved using the ratio 

conservative method, on SoftWoRx software. The Scale bar represents 5 μm.  

Fig.S10. Cell-cycle dependent nuclear localisation of TbORC1B in BSF T. brucei.A. Confirmation of the 

expression of TbORC1/CDC6, TbORC1B, TbORC4, Tb7980 and Tb3120 tagged with 12myc by western blot of 

whole cell extracts. B. Percentage of cells containing nuclear myc signal in untagged T. brucei BSF cells (427 

wt) relative to the cells expressing TbORC1/CDC6-12myc, TbORC1B-12myc, TbORC4-12myc, 12myc-Tb7980 

or Tb3120-12myc, each from the endogenous locus; the mean of two independent experiments is shown 

(>125 cells each), and error bars show SEM. C. The proportion of cell cycle stages displaying TbORC1B-

12myc signal is shown either as the percentage of total cells (insert), or as the percentage of positive cells 

(main graph), as determined by N-K ratio (dark blue, 1N1K cells; light blue, 1N1eK cells; yellow, 1N2K cells, 

red, 2N2K). The mean is shown from two independent experiments, and the error bars depict standard 

deviation. D. Percentage of individual cell cycle stage cells that display TbORC1B-12myc signal; the mean of 

two independent experiments is represented and error bars show standard deviation. Statistical 

significance between the different groups was assessed using the one-way ANOVA parametric test: (**) p-

value < 0.01; (***) p-value <0.001. Note that only one single 2N2K cell was found to have signal, and thus 

the resulting mean is statistically different from the other three groups (p-value not represented).  

Fig.S11. Tb3120 may be a distant orthologue of eukaryotic Orc2. A. A schematic representation of 

predicted AAA+ and Winged helix (WHD) domains domains and Walker A and B motifs in the polypetide 

sequences of D. melanogaster Orc2 (DmOrc2) and Tb3120; sizes are indicated (number of amino acids, aa) 

and domains are coloured as shown. Note that domains highlighted with (*) indicates that primary 

sequence predictions of these domains (from Pfam) are insignificant matches. B. Raptor X structural 

modeling of Tb3120 (p-value 2.77 e-03) based on the solved structure of DmOrc2 (Bleichert et al, 2015); the 

region modellled is indicated in A by a green dashed line. C. Alignment of predicted Walker A and Walker B 

motifs in Tb3120 (and orthologues in T. cruzi and L. major : Tc3120 and Lm3120) and Orc2 subunits of 

model eukaryotes; locations and sequences of the motifs in Tb3120 and DmOrc2 are highlighted in A. 

Fig.S12. Tb7980 may be a distant orthologue of eukaryotic Orc5. A. A schematic representation of 

predicted AAA+ and Winged helix (WHD) domains domains and Walker A and B motifs in the polypetide 

sequences of D. melanogaster Orc5 (DmOrc5) and Tb7980; sizes are indicated (number of amino acids, aa) 

and domains are coloured as shown . Note that domains highlighted with (*) indicates that primary 

sequence predictions of these domains (from Pfam) are insignificant matches. B. Raptor X structural 
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modeling of Tb7980 (p-value 1.5 e-05) based on the solved structure of DmOrc5 (Bleichert et al, 2015); the 

regions modellled are indicated in A (green dashed line). C. Alignment of predicted Walker A and Walker B 

motifs in Tb7980 (and orthologues in T. cruzi and L. major : Tc7980 and Lm7980) and Orc5 subunits of 

model eukaryotes; locations and sequences of the motifs in Tb7980 and DmOrc5 are highlighted in A. 
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