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SUPPLEMENTAL FIGURE LEGENDS 

Supplemental Figure S1. Quality control of MCM7 ChIP-Seq analysis. 

(A) HeLa cells were transfected with control (mixture of siLuci and siGFP) or MCM7 (mixture of 

MCM7-2 and -3) siRNAs for 48 h using Lipofectamine RNAiMAX (Invitrogen) according to the 

manufacturer’s instructions, and subjected to immunoblotting using anti-MCM7 antibody (29). siRNA 

oligonucleotides were synthesised by IDT as follows (sense strand): 

siMCM7-2 (5’-AGAUGCAAGAACAUAGUGAUCAGdGdT-3’), 

siMCM7-3 (5’-GGCGGCUCUGGAUGAAUAUGAGGdAdG-3’). 

Sequences of siLuci and siGFP controls were previously reported (28).  Relative amounts of MCM7 

are shown below. (B) ChIPed DNA analysis by SYBR Gold staining and UV imaging. 1−3, standard 

DNAs. 4−7, co-precipitated DNAs prepared from HeLa cells transfected with control (mixture of siLuci 

and siGFP) or MCM7 (mixture of siMCM7-2 and -3) siRNAs for 48 h with anti-MCM7 antibody or 

control rabbit IgG. (C) The amount of co-precipitated DNA was semi-quantified using standard DNA 

and input DNA using a UV spectrometer. (D) The number of MCM7_1st_wo0.5_SNS peaks within 0.5 

kb of MCM7_2nd_wo0.5_SNS peaks is significantly higher than that obtained with shuffled 

MCM7_1st_wo0.5_SNS peaks. * indicates p < 0.0001 by Chi-square test. (E) Aggregation plots 

showing the localisation of MCM7_2nd_wo0.5_SNS peaks and shuffled peaks surrounding 

MCM7_1st_wo0.5_SNS peaks. 

Supplemental Figure S2. Analyses of firing and dormant origins classified with original SNS-

Seq data. 

(A) Selected snapshots of the genome browser view around the LMNB2, MCM4, and MYC loci. Visual 

representations of sMCM7, SNS-Seq (12, 13), and Ini-Seq (40) data are shown. Green lines indicate 



 
 

known origin regions. (B) Venn diagram showing overlap (within 0.5 kb) of sMCM7 and original SNS-

Seq peaks (12). (C) The number of sMCM7 peaks within 0.5 kb of the SNS peaks is significantly 

higher than that obtained with shuffled sMCM7 peaks. * indicates p < 0.0001 by Chi-square test. (D) 

Aggregation plots showing the localization of the SNS peaks and shuffled peaks surrounding sMCM7 

peaks. (E) Aggregation plots showing FAIRE-Seq signals surrounding the indicated origin classes. (F) 

Aggregation plots showing the signals of MCM7_1st ChIP-Seq surrounding the indicated origin 

classes. (G) Firing and dormant origin sites were aggregated together with TSS sites. 

Supplemental Figure S3. Analyses of firing and dormant origins classified with Ini-Seq data. 

(A) Venn diagram showing overlap (within 0.5 kb) of sMCM7 and Ini-Seq peaks (40). (B) The number 

of sMCM7 peaks within 0.5 kb of Ini-Seq peaks is significantly higher than that obtained with shuffled 

sMCM7 peaks. * indicates p < 0.0001 by Chi-square test. (C) Aggregation plot showing the 

localization of Ini-Seq peaks (40) and shuffled peaks surrounding sMCM7 peaks. (D) Aggregation 

plots showing FAIRE-Seq signals surrounding the indicated origin classes. (E) Aggregation plots 

showing the signals of MCM7_1st ChIP-Seq surrounding the indicated origin classes. (F) Firing and 

dormant origin sites were aggregated together with TSS sites. (G) GC content of 10,000 randomly 

selected origins. Grey boxes represent results obtained using shuffled datasets. The Wilcoxon rank 

sum test was used to calculate p-values. (H) Aggregation plots of G4-Seq peaks surrounding firing 

and dormant origins. 

Supplemental Figure S4. Additional properties of firing and dormant origins. 

(A) Aggregation plots showing ChIP-Seq signals of MCM7_2nd surrounding the indicated origin 

classes (left). Cumulative MCM7_2nd ChIP-Seq signals surrounding firing or dormant origins (±1 kb 

from the centre of each peak) are also shown (right). (B) Aggregation plots showing FAIRE-Seq 

signals surrounding the indicated histone markers. (C) Averaged profiles of sMCM7 at all genes were 

calculated to assess the distribution of these sites on genes. Marks -5 kb and +5 kb indicate 5kb 

upstream of TSSs and 5 kb downstream of TES, respectively.  

Supplemental Figure S5. Comparison of correlation between various MCM ChIP-Seq data and 

SNS or Ini-Seq data. 

(A-E) Venn diagram showing the overlap (within 0.5 kb) of MCM peaks from different datasets and 

SNS (left) or Ini-Seq (right) peaks in HeLa cells. For data sources, see Supplemental Table S1. (A) 

These are same as Figure 1E and Supplemental Figure S3A.  (B) Original MCM2 ChIP-Seq data 

were obtained from Cucco et al. (38). (C) Because the number of the original MCM2 ChIP-Seq peaks 

appears small compared with our MCM7 peaks, we also investigated the re-analysed MCM2 peaks 

obtained with peak detection and identification method we used for MCM7 (see Materials and 

Methods). (F-H) Venn diagram showing the overlap (within 0.5 kb) of MCM peaks and SNS peaks in 

K562 cells. For data sources, see Supplemental Table S1. 

  













 
 

Supplemental Table S1. Data sources used in this study.  

  

Marks/Factors GEO accession 
number or reference 
of the data 

GEO accession 
number or reference 
for experimental 
condition 

Note 

MCM7_1st (28) (28) Asynchronous HeLa cells 

MCM7_2nd This study This study Asynchronous HeLa cells 

SNS-Seq (13) (13) Asynchronous HeLa cells 

SNS-Seq 
(Besnard) 

(12) (12) Asynchronous HeLa cells 

Ini-Seq (40) (40) Cell-free system (EJ30 cell nuclei) 

FAIRE-Seq (28) (28) Asynchronous HeLa cells 

DNase-Seq GSM816633 GSE32970 Asynchronous HeLa cells 

Repli-Seq GSM923449 GSE34399 Asynchronous HeLa cells 

H3K9ac GSM733756 GSE29611 Asynchronous HeLa cells 

H3K4me3 GSM733682 GSE29611 Asynchronous HeLa cells 

H4K20me1 GSM733689 GSE29611 Asynchronous HeLa cells 

H3K27me3 GSM733696 GSE29611 Asynchronous HeLa cells 

H3K9me3 GSM1003480 GSE29611 Asynchronous HeLa cells 

RNA-Seq GSE33480 GSE33480 Asynchronous HeLa cells 

E2F1 GSM935484 GSE31477 Asynchronous HeLa cells 

c-myc GSM935320 GSE31477 Asynchronous HeLa cells 

ELK1 GSM935326 GSE31477 Asynchronous HeLa cells 

Nrf1 GSM935636 GSE31477 Asynchronous HeLa cells 

Nrf2 GSM803454 GSE32465 Asynchronous HeLa cells 

MAZ GSM935272 GSE31477 Asynchronous HeLa cells 

c-Jun GSM935341 GSE31477 Asynchronous HeLa cells 

c-Fos GSM935317 GSE31477 Asynchronous HeLa cells 

STAT3 GSM935276 GSE31477 Asynchronous HeLa cells 

TBP GSM935606 GSE31477  Asynchronous HeLa cells   

G4-Seq (57) (57) Sequencing DNA from primary B 
lymphocytes under conditions that 
promote G4 formation in vitro 

MCM2 (38) (38) Asynchronous HeLa cells 

SNS-Seq (13) (13) Asynchronous K562 cells 

MCM3 GSM2424244 GSM2424244 Asynchronous K562 cells 

MCM5 GSM2422960 GSM2422960 Asynchronous K562 cells 

MCM7 GSM2422918 GSM2422918 Asynchronous K562 cells 



 
 

Supplemental Table S2. Arbitrary classification of gene expression in HeLa cells into four 

classes based on FPKM values. 

Class FPKM Number of genes 

High expression 9.66 − 25917.7 7,122 

Medium expression 1.48 − 9.66 7,122 

Low expression 9.9138E-236 − 1.48 7,122 

No expression 0 8,162 

 

  



 
 

Supplemental Table S3. Outline of representative functions of transcription factors. 

 

  

Transcription factor Function  Reference 

E2F1 and c-myc Stimulation of the expression of the cell-cycle 
regulators; Stimulation of ORC recruitment 

 (89, 90) 

ELK1 ETS family; Trans-activation of the cell-cycle 
regulatory gene p21 

 (91) 

Nrf1 Redox-sensitive transcription factor; Binding to 
promoters of Cdc2, PRC1, PCNA, cyclin B1 and 
CDC25C and controlling their expression 

 (92) 

Nrf2 Pivotal factor for cell protection from oxidative and 
electrophilic insults; Regulation of the G1 to S 
phase transition by modulating the expression of 
p21 and the Rb 

 (93) 

MAZ Zinc finger protein; Promotion of cyclin-dependent 
kinase inhibitor 1A (CDKN1A) expression; 
Regulation of c-myc transcription  

 (94, 95) 

c-Jun and Fos Forming dimer; Promotion of G1 to S phase 
transition by regulating the expression of the cell-
cycle regulators 

 (96, 97) 

STAT3 Latent transcription factors; Primarily mediating 
signalling from cytokine and growth factor receptors 
and promoting proliferation by stimulating 
transcription of cyclin B1, Cdc2, c-myc and cyclin 
D1 

 (98) 



 
 

Supplemental Table S4. List of human genes known as CFSs with gene length and expression 

level (FPKM). 

 

  

Gene CFS Gene length (kb) FPKM  

CNTNAP2 FRA7I 2304.6 0  
DMD FRAXC 2220.4 59.887  
DLG2 FRA11F 2172.3 0.271  

CSMD1 FRA8B 2059.5 0.002  

LRP1B FRA2F 1900.3 0.206  

CTNNA3 FRA10D 1776.2 0.026  
NRXN3 FRA14C 1697.9 0  

FHIT FRA3B 1502.1 0.029  

MAGI2 FRA7E 1436.5 0  

PARK2 FRA6E 1380.2 0.007  
PRKG1 FRA10C 1307.2 0.008  

DAB1 FRA1B 1252.6 0.085  

CSMD3 FRA8C 1214.1 0.207  

DCC FRA18B 1195.7 0  
AUTS2 FRA7J 1194.0 0  

GPC6 FRA13D 1181.2 0  

CTNNA2 FRA2E 1135.9 0.021  

OPCML FRA11G 1117.5 0  
NRXN1 FRA2D 1114.0 0  

WWOX FRA16D 1113.2 4.083  

CDH12 FRA5E 1102.8 0.022  

IMMP2L FRA7K 899.5 11.120  
DPYD FRA1E 843.3 9.899  

RORA FRA15A 741.0 0.347  

NBEA FRA13A 730.5 0.537  

PAPPA FRA9E 248.5 0.908  
SMAD5 FRA5C 49.9 8.748  

TES FRA7G 48.3 19.145  

PARP1 FRA1H 47.4 33.605  

ZNF330 FRA4C 13.8 17.847  
FZD5 FRA2I 6.8 1.359  



 
 

Supplemental S5. Mean gene length and FPKM values of the 31 genes in the dataset. 

 Annotation Mean length (kb) Mean FPKM 

CFS Supplemental Table S4 1129.3 ± 669 5.4 ± 12.7 

LongGene_RS_1 Randomly selected 31 genes from 
long genes that are more than 700 kb 
in length 

903.9 ± 215 0.8 ± 1.3 

LongGene_RS_2 same as above 956.4 ± 212 2.2 ± 5.4 

LongGene_RS_3 same as above 1066.0 ± 362 1.6 ± 3.4 

Gene_RS_1 Randomly selected 31 genes from all 
genes 

66.4 ± 116 29.2 ± 93.6 

Gene_RS_2 same as above 63.4 ± 90 7.1 ± 15.7 

Gene_RS_3 same as above 44.1 ± 77 8.9 ± 16.3 

 

 

  



 
 

Supplemental Table S6. Compliance of qPCR experiments with the MIQE guidelines. 
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