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Supplementary Figure S1: Screenshots showing the web-based user-friendly interface of START-R 

Analyzer and START-R Viewer.

A) START-R Analyzer homepage. 

START-R Analyzer is designed to analyze RT data with 5 steps: normalisation, smoothing, TTR and CTR detections and differential 

analysis. Several options are available and can be selected by the user for each step. All the steps are organized in workflow with a 

“Next” button allowing the user to access the next page. Each input is checked to avoid incorrect analyses. A link to the website 

containing precisions on the START-R Analyzer protocol and START-R Viewer use is available in this homepage  

(https://thomasdenecker.github.io/START-R/).

B) Organism and differential analysis selection. 

The initialisation step consists in choosing the analyzed organism which can be either Human (for microarray data obtained with the 

hg18 genome assembly), or No centromere (for example for Drosophila genomic data) or Others (for human data obtained with a 

genome assembly higher than hg19 or for other species). We have to note that it’s also possible to upload a file containing the 

centromeres coordinates for non mammalian organisms. The user has then to choose to perform a differential analysis or not. “Prev” 

and “Next” buttons allow the user to move forward or backward within START-R Analyzer.

C) Upload of intensity files.

The user has first to set up the general parameters for the Early and Late replicating fractions, by choosing the column names of the 

files for the green and red signals and attributing the Cy3 or Cy5 dye to the Early or Late fractions. The selected files for the analyses 

are imported and should be in txt format. A format compatible with START-R Analyzer can be obtained for NGS data by using a script 

available on GitHub in the “supplement script” file (convert_bamcoverage_file.R). The user can choose several options concerning the 

imported files as the presence of a header, the kind of separator, the presence of a quote in the file, the number of information lines to 

skip before launching the analysis and the display of a part of the loaded files.

D) Selection of intra-array, inter-replicate and inter-experiment normalisation algorithms.

The next step is the choice of the normalisation’s algorithms that the user wants to apply to the data. For each method available for 

each step of the normalisation (intra array, inter replica and inter experience), a short explanation of the method will be displayed on the 

screen when checked by the user.

https://github.com/thomasdenecker/START-R/blob/master/Supplemental_script/convert_bamcoverage_file.R


E and F) Selection of differential analysis settings and output files. 

The set up of the analysis parameters is next chosen by the user. For each step, the objective of the analysis is described beside. The 

smoothing method is chosen with a drop-down menu and a short description of the method is displayed on a dialog box. An additional 

option allows to fix the span to control the degree of smoothing. The second step is the TTR detection which is followed by the 

segmentation step to detect the CTR. The user can then adjust the standard deviation if wanted. The last step is the fusion that will 

combine the results of the TTR and CTR detections.

The file and graphical outputs are then selected by the user.

G) Validation of the analysis summary. 

The user can click to the “Validate” button after checking the summary of the START-R analysis. The “Prev” button allows to get 

backward inside the software if needed.

H, I and J) The analysis running sections. The user just has to click on the “Run” button to launch the analysis, which will be processed 

in around 15 minutes. A green check mark will appear on the screen when the analysis is performed. When an analysis is done with 

START-R analyzer, all results for this analysis are available in the folder START-R_analyzer/Outputs. The folder name begins with the 

date of analysis and successive numbers (the first analysis will be named 20200511_1, the second analysis 20200511_2 …). A 

summary of the analysis can be found in the codebook.txt file. This software offers several types of outputs to evaluate the results. Text 

outputs are in bed format. The BED format consists of one line per feature, each containing 3-12 columns of data, plus optional track 

definition lines. The first three fields in each feature line are required: chrom (name of the chromosome or scaffold), chromStart and 

chromEnd (start and end position of the feature in standard chromosomal coordinates). With bed files outputs, START-R results can be 

integrated in Galaxy workflow to perform further analyses. Galaxy is an open source web-based platform for data intensive biomedical 

research. 



K) START-R Viewer interface allowing the START-R Analyzer files to be uploaded and the RT profile to be visualized for each 

chromosome with general information about each chromosome.

START-R Viewer allows the visualization of the analyzed data for each chromosome as a genome browser. After the analysis, the user 

can find different informations in the Differential file or in the  Experience 1 file from the output folder, depending of the type of analysis 

performed by START-R (differential analysis or not). Files showing the analysis for each chromosome are available in pdf format. The 

user can also find a file containing differential percentage for each chromosome and a file named differential_position in txt format 

showing for each RT changing region its location on a specific chromosome with its associated chromosome coordinates chromStart, 

chromEnd and its Status (advanced or delayed). A viewer folder containing the results for each chromosome allows to upload files in 

Javascript and SRV format for a visualization on START-R viewer. A summary of the analyses done with START-R Analyzer is 

displayed nearby the load data button. The RT profile of the selected chromosome is displayed in a dynamic chart showing the 

distribution of RT intensities along the chromosome, with positives intensities displaying early replicating regions and negative ones 

displaying late replicating regions. Early and late CTRs appear in red and green, respectively and TTRs in yellow. Segments 

corresponding to regions of constant timing are shown in purple. Grey spots indicate data from the RT experiment and the blue line 

depicts the smooth method used for the analysis. START-R viewer offers a dynamic exploration for each chromosome with the Plotly 

library. This dynamic chart gives the user the possibility to zoom in the chart by selecting a shorter window on the chart as in a genome 

browser or by indicating the chromosome coordinates in the viewing windows and clicking on the “Change” button. The user can also 

select the curves displayed in the chart directly by clicking on the chart or by selecting the curves in the Customization dialog box and 

eventually take pictures of the chart.

General information about the chromosome can be chosen in the “Select general information to plot” dialog box, like the histogram of 

intensity, showing the occurrence versus the intensity of the RT signal. We can note that the intensity of the signal is mostly distributed 

between -2 and +2, corresponding to late and early replicating regions, respectively. The user can also display the box plot of CTR/TTR 

intensity.



Supplementary Figure S2: Normalisation and smoothing of the chip data. 
A) Normalisation of the chip data. Graphs depicting the distribution of log ratio intensities of 
Cy3 and Cy5 shown in red (R) and green (G), for 2 replicas before (raw data) and after intra-
array normalisation with the Loess method, and inter-array normalisation with the scale 
method. B) Smoothing of the normalized data obtained by chip. Smoothing was applied on 
the normalised data to generate the most representative curve of the distribution of dots using 
either the Loess method based on linear regression or the Triangular method using a moving 
mean with overlapping windows.
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Supplementary Figure S3: TTR detection.
A) Diagram showing that a TTR is defined by significant differences of intensity of at least 3 consecutive 
adjacent probes. B) Schemes representing how CTRs are precisely defined by subtraction of the TTR. 
The calculation of the mean for the CTR region, excluding the TTR, allows an adjustment for the segment 
value and a more precise characterization of this domain. C) Drawings illustrating the comparison of the 
slopes for two experiments (red and blue lines) to detect the presence of TTR D) Diagrams illustrating 
differences between the slopes of two TTRs for two experiments.
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Supplementary Figure S4: Boxplot of squared difference of intensities computed by the 
Euclidean method.
Squared differences of the log2(Early/Late) for the same probes for two different experiments are 
plotted in a boxplot. The outliers (open circles) are significantly different and correspond to the red 
line in the graph depicting the squared difference of intensities versus their occurrences in the 
boxplot.
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Supplementary Figure S5 : Examples of data generated with our RT protocol visualized 
by START-R-Viewer. 
A) START-R Viewer allows visualizing RT data with many features. The top panel displays the 
distribution of early and late constant timing regions (CTR, in red and green, respectively) and of 
transition timing regions (TTR, in yellow) on a portion of human chromosome 19. Segments 
corresponding to regions of constant timing are shown in purple. Chromosome 19 centromere is 
indicated by grey dashed lines and a curly bracket. The bottom panel displays a zoom of a 
smaller region of chromosome 19 where timing profile can be seen through the zoom option of 
START-R-Viewer. B) Differential analyses are done on a portion of human chromosome 14 
comparing RT profiles of two cell lines: K562 in blue and U2OS in red. Advanced (green) and 
Delayed (pink) regions are identified with START-R Analyzer using the mean comparison 
analysis with the Holm’s p-value correction and a limit corrected p-value of 0.05. Light grey and 
grey spots indicate data from both RT experiments.



Supplementary Figure S6: Genomic characteristics of regions harboring different 
replication timing programs.
Using START-R Analyzer with the standard options, 2,066 CTRs were detected in the 
genome and 910 regions showed a different replication timing between D3esc and 
D3npc9 cells. A portion of chromosome 7 is depicted in Figure 2. START-R Analyzer 
automatically generates BED files that can be imported into a GALAXY session in order 
to generate complementary results by using the “Coverage of a set of intervals on 
second set of intervals” software. Boxplots illustrating differences in GC content, LINE-1 
content and gene coverage between Early, Mid and Late replicating regions are shown. 
The two other categories show the characteristics of Advanced and Delayed regions. 
For each category, the mean value is indicated by an open red triangle. The band at the 
middle of the box indicates the median value. The bottom and top of the box are the 25 th 
and 75th percentiles. Bottom and top whiskers represent the limits with exclusion of 
outliers (open circles). Advanced regions showed a GC/LINE-1 density and gene 
coverage similar to constant early regions, while Delayed regions showed GC/LINE-1 
density and gene coverage similar to constant late regions. The genomic regions 
detected with the START-R suite showed the same specific molecular signatures as the 
ones previously described in Gilbert’s laboratory. Unfortunately, we cannot compare the 
regions that we have identified with START-R with those previously discovered, since 
the article of Hiratani et al does not mention the genome coordinates.
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