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Legends for Supplementary Tables

Table S1: Percentage of A+T and G+C in total sequenced data of S1 (in presence of CGGBP1) and
S2 (after depletion of CGGBP1).

Table S2: Percentage distribution of A+T and G+C in mapped and unmapped sequences of S1 and
S2. For a 2 x 2 contingency analysis (Chi-square test) of A+T and G+C in S1 and S2, the p value <
0.0001 for mapped, unmapped and all combined reads.

Table S3: Distribution of cytosines undergoing change in methylation (GoM or LoM) upon
CGGBP1 loss-of-function in repeats (N) and non-repeats (C or G).

Table S4: Context-wise abundance of GoM and LoM (as ratios) of all cytosine sequenced in both
the samples.

Table S5: Context-wise abundance of total methylated and total unmethylated cytosines (as ratios)
of all cytosine sequenced in both the samples.

Table S6: Chi-square test (using GraphPad Prism 7) for significance for the data presented in figure
1 (D to I) show that the difference between S1 and S2 are highly significant.

Table S7: Repeat content analysis (using RepeatMasker) in consistently differentially methylated
sequences between S1 and S2.

Table S8. Pattern of methylation change occurring in different genomic landmarks upon CGGBP1
depletion. Observation summaries presented here are derived out of only those cytosines that were
sequenced in both samples S1 and S2 and methylated in at least on of them.

Table S9: Overlap of repeat free GoM and LoM regions with genomic landmarks. This table
represents total length and number of overlaps observed for each genomic landmark.

Table S10: Goodness of fit for the sum-of-two Gaussians and Gaussian distributions of GC-skew of
GoM and LoM regions presented in figure 2A.

Table S11: Inter- and intra-strand correlation of GoM and LoM at replication origins. Replication
origins with no change in methylation in both S1 and S2 have been excluded. Remarkably and
unexpectedly, the GoM and LoM events are highly correlated on the same strand as compared to
either GoM or LoM on separate strand. This shows that at the replication origins the methylation
change in opposite directions tend to be concurrent on the same strand. The values presented are R
correlation coefficients. Number of pairs = 5788 minimum and 7741 maximum for ORCI, 5666
minimum and 6704 maximum for ORCA Early, 5211 minimum and 6159 maximum for ORCA
Mid, 715 minimum and 806 maximum for ORCA Late, and, 14989 minimum and 12409 maximum
for PHIP.

Legends for Supplementary figures

Fig S1: A: Distribution of cytosines either exhibiting change (GoM or LoM) or no change (RoM or
RuN) of methylation upon CGGBP1 loss-of-function in Giemsa bands. Higher GoM/LoM ratios
were associated with G-rich Giemsa-negative R-bands with progressive decline in GoM/LoM ratio
from G-negative towards fully Giemsa- positive G-100 bands. Welch's unpaired T test was
performed between the GoM/LoM values for all combinations of G-neg (n=780), G-pos-25 (n=87),
G-pos-50 (n=121), G-pos-75 (n=89) and G-pos-100 (n=81). The p values ranged between,
maximum 0.0093 and minimum <0.0001. B to D: A base level measurement of cytosine
methylation states in the three contexts CpG, CHG and CHH showed a highly context- dependent
effect of CGGBP1-depletion on cytosine methylation. In CpG context (B) the normally higher
levels of methylated over unmethylated cytosines in S1 was reversed by CGGBP1 depletion. Hence
in S2 the net methylation state of CpG was more unmethylated than methylated (S1 total
methylation compared to S2 total methylation, Obs/Exp Chi-square p value ). C and D: The



unmethylated cytosine count also increased in the CHG (C) and CHH (D) contexts highly
significantly (Obs/Exp Chi-square p value < 0.0001 for all contexts). However the balance between
unmethylated and methylated cytosines was not reversed by CGGBP1 depletion. This differential
effect of CGGBP1 depletion on CpG unlike CHG and CHH contexts could be partially due to the
prevalence of the CHG and CHH contexts (the Y axes in C and D are higher by an order of
magnitude than in B).

Fig S2: CGGBP1 depletion causes methylation change that is associated with functional genomic
regions. A: Cytosine methylation levels in 2.5 Kb flank from midpoint of CTCF-binding sites was
plotted. Increased cytosine methylation level was observed at the midpoint of CTCF-binding sites.
B: Similarly, cytosine methylation level in 10 Kb flank from midpoint of permissive enhancers was
plotted. Decreased cytosine methylation level was observed at the midpoint of the permissive
enhancer elements. C and D: Distribution of methylated cytosines in 10 Kb flank from TAD
boundaries (TAD start sites (C) and TAD end sites (D)) was plotted. Cytosine methylation level
was not altered at TAD boundary in presence and absence of CGGBP1. E and F: Distribution of
methylated cytosines in 1 Mb flanks of LAD boundaries (LAD start sites (E) and LAD end sites
(F)) was plotted. Mild long-range increase in cytosine methylation was observed in S2 compared to
S1 at LAD start and end sites. Red line = S2, Blue line = S1. X axis represents genomic location
from the centre of the genomic coordinates of the indicated genomic landmarks. Y axis represents
methylated cytosine counts in bins with sizes as indicated. Plots were generated using deepTools
and coordinates plotted correspond to Hg38 assembly.

Fig S3: A and B: Distribution of methylated cytosines at LINE-1 sequences undergoing GoM (A)
and LoM (B) was plotted for 10kb flanks in S1 (blue) and S2 (red). Differential abrupt increases in
cytosine methylation was observed as expected at the centre of LINE-1 sequences as these
constitute approximately 20% of GoM and LoM regions. Despite difference in levels of cytosine
methylation in the centre of LINE-1 sequences, it was consistently lower in S2 throughout the 10kb
flanking regions. Thus, the disturbance in methylation caused by CGGBP1 depletion seemed to be
occurring differently at the LINE-1 elements than at the flanking regions. Red line = S2, Blue line =
S1. X axis represents genomic location from the centre of LINE-1 regions in GoM or LoM regions.
Y axis represents methylated cytosine counts in 100 bp bins. LINE-1 coordinates from
RepeatMasker output on GoM and LoM sequences were used to extract sequences from Hg38
assembly. Plots were generated using deepTools.

Fig S4: Differential methylation regulation at G4-forming replication origins by CGGBPI1. A and
B: Distribution of methylated cytosines for S1 and S2 from the centre of origin (10Kb flanks) was
plotted. Replication origins occupied by ORC1 maintained low levels of cytosine methylation at the
origin centres as compared to the flanking regions (A). However, a subset of ORC1 peaks that
forms G4 structure showed relative higher cytosine methylation at the centre upon CGGBP1
depletion (B). C and D: Similarly, replication origins occupied by PHIP showed relative decrease in
the cytosine methylation at the centre (C) as compared to that of flanking regions. In contrast, there
was significant increase in methylated cytosine at the centre of G4-forming PHIP origins upon
CGGBP1 depletion (D). Red line = S2, Blue line = S1. X axis represents genomic location from the
centre of ORC1 and PHIP ChIP seq peaks. Y axis represents methylated cytosine counts in 100 bp
bins.

Fig S5: Distribution of strand specific cytosine methylation at promoters with GC-skew shows a
consistent increase in methylation only upstream of TSS. In presence of CGGBP1, a positive
gradient of cytosine methylation from 1kb upstream to 1kb downstream is observed. Upon
CGGBP1 depletion this gradient is disturbed giving rise to a mild but very consistent region of
methylation gain immediately upstream of the TSS with respect to direction of transcription. Red
line = S2, Blue line = S1. X axis represents genomic location from the centre of GC-skew promoter
coordinates. Y axis represents methylated cytosine counts in 50 bp bins.



Fig S6: R-loop forming regions undergoing methylation changes are not randomly distributed with
respect to TSS. Both at permissive and robust TSSs the GoM and LoM R-loops were clustered
within 1kb flanks of the TSS. Frequency plots of minimum distance between GoM/LoM R-loops
and closest TSS shows relative abundance of methylation changes at R-loops within 1kb flanks of
TSSs. The Y axes show percentages of total TSSs within a bin. X axes show the bins in units of
1000 bases relative to the TSS as zero.

Fig S7: CGGBP1 regulates methylation at cytosine methylation regulatory genes. For all the known
TSSs of these genes, the number of methylated cytosine on each strand was counted in 1Kb
upstream regions and 1Kb downstream region in absence and presence of CGGBP1. Difference in
strand specific methylated cytosine count in absence and presence of CGGBP1 (S2-S1) was plotted
for each TSS. Up = upstream 1Kb region; Down = downstream 1 Kb region, Grey bars represent
top strand and black bars represent bottom strand).

METHODS

Cell culture, shmiR transduction, bisulfite conversion of DNA, library preparation and
Illumina sequencing and raw data analysis

The sequences analyzed in this study were obtained by sequencing of libraries described earlier[1].
The source of DNA, methods of DNA extraction, bisulfite conversion (including lambda phage
DNA as spike in for calculating conversion efficiency) and library preparation apply as described
before. The sequences obtained for this analysis are different from the ones already published[1].
Briefly, normal human foreskin fibroblasts (1064Sk, passage 12), cultured in MEM (SIGMA)
supplemented with 10% FCS (SIGMA) and 0.05% Glutamine (SIGMA) were transduced with
CGGBP1-targetting or non-targeting lentiviral shmiRs (Dharmacon Thermoscientific;

V3LHS 351828, V3LHS 351826 and V3LHS 351824 for specific and RHS4348 for non-targeting
constructs). 96 h post-tranduction, CGGBP1 knock-down was confirmed by western blot and
genomic DNA was extracted. After bisulfite conversion (EZ methylation Kit, Zymo Research),
library was prepared by using NEXTflex Bisulfite (Boo Scientific (5119-01)) as per manufacturer's
protocol. Per 1 microgram DNA, 500 pg Lambda DNA spike (500 pg/ul) to be used as a spike-in
control. Paired sequence reads (Illumina) were unpaired before mapping. After trimming of adaptor
sequences and filtering out of sequences with ambiguous nucleotides (N), the mapping was
performed against unmasked Hg38 using Bismark (version 0.16.2) with inbuilt Bowtie2. The
mapping parameters were: “-f --score-min L,0,-0.2 --ignore-quals”. Subsequently, Bismark
methylextractor was used to extract context and strand specific methylation data for cytosines with
specified base locations. In both samples the Lambda DNA spike in controls indicated 95%
conversion efficiency.

Nucleotide Composition analyses

For nucleotide composition analyses of the entire sequence data, sequences of all reads (pre-
mapping) were used. For nucleotide composition analyses of the mapped sequence data, sequences
of all the uniquely mappable reads were used. The data for unmapped reads were derived by
subtracting the values for mapped reads from the total reads. Nucleotide compositions were
obtained using the EMBOSS tools Compseq and NucBed.

Analyses of genomic coordinates and sequences of regions

GoM, LoM, RoM and RuN locations were obtained by using Bedtools intersect tool on the Bismark
methylextractor output. Bedtools merge tool was used to generate regions out of single base
coordinates for analyses at the level of regions and their sequences. The parameters of merging are
detailed in figure S2. Sequences of thus obtained bed coordinates were extracted from Hg38
(repeat- masked or unmasked as described) using Bedtools getfasta tool. To identify the number of



cytosines (methylated or unmethylated as described) in any bed coordinate, Bedtools coverage tool
was used with coverage count option. The distance between two different sets of bed coordinates
were obtained using Bedtools Closest tool. For methylation analyses at region level, we retained
only the cytosines exhibiting change of methylation only between S1 and S2 (consistently
methylated or unmethylated) and filtered out those exhibiting opposite methylation states within a
sample (inconsistently methylated).

Repeat content analyses

The repeat-masked and unmasked genome Hg38 were used as available from UCSC genome
browser. The subsets of sequence data were repeat-masked using RepeatMasker[2]. The repeat
search engine used was RMBLAST (NCBI) and the repeat database used was obtained from
RepBase[2,3].

Motif finding

Motif search was done using locally installed versions of MEME (version 4.11.2)[4] suite tools
dreme and fimo. Unless described, the motif searched were performed using default options with
changes in -k value ranging from 5 to 14.

G4 quadruplex prediction

G4 quadruplex prediction in replication origin peaks was performed using QGRS tool[5]. For
identification of G4 forming sequences in larger datasets, the sequence signature {G(3)N(3-
5)G(3)N(3-5)G(3)} (and various other combinations thereof) were searched using Fuzznuc
(EMBOSS).

GC skew

GC skew was calculated using the formula {(G-C)/(G+C)}[4,6]. The calculations were performed
using either inbuilt functions of OpenOffice Spreadsheet or using shell commands of UNIX.

Plotting of signals in genomic coordinates

Methylation signals from S1 and S2 were plotted along genomic coordinates using deepTools[7].
Bed to BigWig conversion was done using UCSC scripts bedItemOverlapCount,
bedGraphToBigWig. Plots were generated using plotProfile function on the matrix generated using
computeMatrix function.

Statistical analyses

All statistical tests were performed using Prism 7 (GraphPad) on numerical data generated from the
above mentioned tools including OpenOffice Spreadsheet.

Publicly available data usage

Following publicly available datasets were used in these analyses: Replication origins[8—10],
CTCF-binding sites[11], Enhancers and TSSs (FANTOM database Riken and Ensembl BioMart),
CpG islands (UCSC), LADs[12], TADs[13], LINE-1 (Repbase), GC skew regions, GC skew
promoters, R-loops genome-wide[14,15], Cytobands (G- bands and R-bands) (UCSC). Coordinates
and sequences switched between different Hg assemblies were done using UCSC Liftover tool.
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Table S1

Percent of total sequence data
A+T in S1 64.76
G+C in S1 35.23
A+T in S2 63.37
G+C in S2 36.62
Table S2
$1 S1 S2 S2
total Hg38 ﬁ:lma ed total Hg38 ﬁima ed
sequenced | mapped PP sequenced | mapped PP
A+T
(% of 64.76 96.89 66.11 63.37 96.80 64.23
total)
G+C
(% of 35.23 3.10 33.88 36.62 3.19 35.76
total)
Table S3
Nucleotide Gain of Methylation Loss of Methylation

C (C on OT strand)

G (C on OB strand)

N (Repeat-masked C or G)
Total

Percentage in repeat

2602632
2586495
10398259
15587386
66.71

2538171
2504526
11240514
16283211
69.03



Table S4

Context
CpG
CHG
CHH

Table S5

Context
CpG
CHG
CHH

LoM GoM RuN
1814119 1833977 2985768
2864174 2718468 31726993

11604918 11034941 94340671

Gain of
methylati
on

Loss of
methylati
on

1814119

Remain
Unmethy
ated

1833977 2985768

2864174 2718468 31726993

11604918 11034941 94340671

RoM Total
5389807 12023671

795432 38105067 0.0751

Ratio
Gol/
Total

0.1508 0.1525
0.0713

Ratio
LoM/
Total

5943885 122924415 0.0944 0.0897

Total
Methylat
ed

7223784

Remain
Methyat
ed

5389807
795432
5943885

Total
Unmethy Met/
lated

3513900 34591167
16978826 10594558

Ratio

Unmet
1.5049
0.1015
0.1602

4799887



Table S6

LoM GoM RuN RoM Total
CpG 1814119 1833977 2985768 5389807 1.202E+07
CHG 2864174 2718468  3.1726E+07 795432 3.810E+07
CHH 1.1604E+07| 1.1034E+07|  9.4340E+07 5943885 1.2292E+08
Chi-square test (LoM)

Chi-square 142071314
DF 2
P value (two-tailed) <0.0001
P value summary e
Is discrepancy significant (P < 0.05)? Yes
Outcome Expected # |Observed # |Expected % |Observed %

CpG 12023671 1814119 73.84 11.14
CHG 38105067 2864174 234 17.59
CHH 122924415 11604918 754.9 71.27
TOTAL 173053153 16283211 1063 100.00

Chi-square test (GoM)

Chi-square 143342666
DF 2
P value (two-tailed) <0.0001
P value summary e
Is discrepancy significant (P < 0.05)? Yes
Outcome Expected # |Observed # |Expected % |Observed %

CpG 12023671 1833977 77.14 11.77
CHG 38105067 2718468 244.5 17.44
CHH 122924415 11034941 788.6 70.79
TOTAL 173053153 15587386 1110 100.00




Table S7

GoM

Percentage composition of
repeats

SINEs:

ALUs

MIRs

LINEs:

LINE1

LINE2

L3/CR1

LTR elements
ERVL
ERVL-MaLRs
ERV_classl
ERV_classli
DNA elements:
hAT-Charlie
TcMar-Tigger

1.35
0.85
0.5
19.94
17.38
2.47
0.07
4.89
0.73
1.67
2.26
0.19
1.37
0.33
0.78

LoM

1.33
0.89
0.44
22.43
19.87
2.48
0.08
4.38
0.65
1.59
1.97
0.14
1.34
0.31
0.82



Table S8

S2 vs S1 S2 vs S1 Pattern of
methylation methylation methylation
status in the status in the distribution
flanks centre
CTCF-binding Subtle loss of | Subtle loss of Enrichment at centre
sites methylation methylation for both S1 and S2
Enhancers No change Subtle loss of Depletion at centre
methylation for both S1 and S2
CpG islands No change Subtle gain of | Depletion at centre
methylation for both S1 and S2

LADs (START)

Subtle gain of

Subtle gain of

No enrichment at

methylation methylation LAD start points
LADs (END) Subtle gain of | Subtle gain of | No enrichment at
methylation methylation LAD end points
TADs (START) No change No change No enrichment at
TAD start points
TADs (END) No change No change No enrichment at
TAD end points
LINE-1 No change Gain and loss Strong enrichment of
elements of methylation | methylation events at
both at distinct | centre
sets of L1

sequences




Table S9

Robust
TSS

Permissive
TSS

Permissive
Enhancers

Universal
Enhancers
Insulators

TADs

LADs

Total

number
of

regions
76420
217516
13388
200
642820

2261

1296

Total
combined
length of
all
regions
2058560
3949159
18334316
111112
1056483581

2525209352

1133912450

Number of
overlapping
regions
with GoM
(not LoM)

195

451

769

9966

23

Total
combined
length of
overlapping
regions
with GoM
(not LoM)

1997

3958

13388

35

203198

182

887

Number of
overlapping
regions
with LoM
(not GoM)

89

217

532

10

8247

18

Total
combined
length of
overlapping
regions
with LoM
(not GoM)

916

1899

9128

211

159459

14

975
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Table S10

?:I'I‘;' LoM (Al G‘:'r";gJ ""f':’('egf GoM (L1) | LoM (L1)
Sum of two Gaussians (Best-fit values)
Amplitudei 8.067 7.988 7.823 7.716 9.705 10.12
Mean1 -0.3483 -0.3326 -0.3621 -0.3526 -0.259 -0.22
SD1 0.2549 0.2636 0.2631 0.2713 0.2153 0.229
Amplitude2 8.261 8.158 8.114 8.023 8.912 8.281
Mean2 0.3518 0.3488 0.3655 0.3632 0.2675 0.2929
SD2 0.2381 0.2365 0.2416 0.242 0.2184 0.2029
Goodness of Fit
Robust
Sum of 8.779 8.78 8.399 8.071 12.99 17.03
Squares
RSDR 0.474 0.4742 0.5734 0.5927 0.1493 0.1234
Number of points
fa‘:::s 21 21 21 21 21 21
’:r:;;;az':gs 21 21 21 21 21 21
Table S11
ORC1 ORCA (Mid) | ORCA (Late) | ORCA (Early) PHIP
OB oT OB oT OB oT OB oT OB oT
LoM GoM LoM GoM LoM GoM LoM GoM LoM GoM
E)OTM 0.098 0.295 0.097 0.452 0.273 0.547 0.104 0.412 0.025 0.245
oPe 85’M 0.275 0.100 0.459 0.068 0.571 0.212 0509 0.080 0.265 0.018
(L)OTM -0.078 0.050 -0.019 0.187 0.288 0.404 -0.038 0.128 -0.137 -0.042
eHe gEM 0.048 -0.087 0.255 0.043 0.522 0.333 0.241 -0.032 0.064 -0.130
E’OTM -0.009 0.236 -0.011 0.855 -0.013 0.911 -0.013 0.814 -0.022 0.345
e gEM 0.311 -0.036 0.804 -0.010 0.810 -0.015 0.872 -0.013 0.409 -0.049
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Figure S6
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Figure S7
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