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Bisulfite-seq library construction and bisulfite conversion 

DNA libraries from each tissue sample were prepared using a customized DNA 

sample preparation protocol. Sample genomic DNA (5 µg) was fragmented using a S2 

ultrasonicator (Covaris, Woburn, MA). Sizing of 50-100 ng fragmented DNA was 

performed using an Experion automated electrophoresis system and Experion 1K DNA 

Analysis kit (Bio-Rad, Hercules, CA) to confirm the correct average size and size range 

expected for each application. Fragmented DNA was repaired to blunt ends using the 

END-It kit (Epicentre Biotechnologies, Madison, WI). The end-repaired DNA was 

purified and recovered using a Qiagen MinElute PCR purification column. Addition of an 

‘A’ base to the 3’ end of blunt DNA was then accomplished using Klenow exo (3’- >5’ 

exonuclease minus) (New England Biolabs, Ipswich, MA). The A-tailed DNA was then 

purified using the Qiagen MinElute PCR purification columns. Adapters with a 3’ ‘T’ 

overhang were ligated to the end-modified DNA (see below).  

For whole genome bisulfite sequencing, modified Illumina paired-end (PE) 

adapters were used in which cytosine bases in the adapter are replaced with 5-

methylcytosine bases (Integrated DNA Technologies, Coralville, IA) to prevent 

conversion of the adapter sequence during bisulfite treatment. Double stranded 

annealed adapters were prepared by annealing and then ligated to the end-repaired 

DNA samples using ultrapure, rapid T4 ligase (Enzymatics, Beverly, MA) and purified 

on a Qiagen PCR purification column.  

DNA libraries were bisulfite converted with the Zymo EZ DNA Methylation kit 

(Zymo Research, Orange, CA) according to the manufacturer’s specifications. We then 

performed a series of MethyLight-based, quality control steps to ensure complete 
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bisulfite conversion as described in the report from Campan and colleagues (PMID: 

18987824). Specifically, each bisulfite-converted DNA sample was subject to four 

MethyLight assays to measure bisulfite conversion completeness and the amount of 

bisulfite converted DNA from each sample.   

Quantitative PCR (qPCR) was performed on a fraction (1 ul) of the Adapter-

ligated library using primers from Illumina (PE 1.0/2.0), master mix (Applied Biosystems 

2X SYBR Green) and a serial dilution curve of PhiX library DNA as a standard using an 

ABI 7900HT real-time PCR machine (Applied Biosystems, Foster City, CA).  Based on 

the amplification curve from the qPCR, the optimal cycle number was determined for 

each library as plateau cycle, where the reaction exits the linear phase of amplification, 

minus 3 cycles.  Amplification of the Adapter-ligated library was performed using Pfu Cx 

Turbo Taq Polymerase (Stratagene, Carlsbad, CA) according to manufacturers 

instructions and Illumina primers (PE 1.0/2.0). A total of 30% of the bisulfite converted 

adapter-ligated library was added to a total of 450 ul of reaction mix, vortexed 

repeatedly, then divided into 9 separate wells (50uL each) for thermal cycling.  

Following PCR the 9 wells are pooled and PCR products are purified using a QIAquick 

PCR Purification kit (Qiagen, Valencia, CA). Size fractionation and removal of adapter 

dimers was performed using 10% TBE acrylamide gels and a 25bp ladder size standard 

(Invitrogen, Carlsbad, CA). An acrylamide gel slice containing the target library (typically 

200-300bp) was excised from the gel, crushed and sheared to break up the acrylamide, 

soaked in a Tris/Ammonium Acetate buffer (10mM/2.5mM) and precipitated with 

ethanol.  Cluster density was estimated using qPCR with both PhiX library serial 

dilutions and other libraries previously run with known cluster density. Amplified library 
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DNA was denatured with NaOH prior to cluster generation. The denatured DNA was 

diluted to a 4pM concentration. 

 

Illumina Genome Analyzer cluster generation and sequencing.  

Attachment of the adapted DNA to the flow cell for Genome Analyzer sequencing was 

performed on an Illumina Cluster Station fluidics device. We use the Illumina Cluster 

Generation Kit to prepare each flow cell for sequencing. The protocol was performed for 

Amplification/Linearization/Blocking on one day and the flow cell is stored in a 50ml 

conical tube in storage buffer at 4°C for up to two weeks prior to sequencing. Single-end 

DNA sequencing (76 bp reads) of the bisulfite-converted DNA libraries from the colon 

tumor and normal adjacent tissues was performed using the Illumina Genome Analyzer 

IIx as described in 1. 

 

Gene expression assay (Illumina HumanRef-8 v3.0 Expression BeadChip) 

All expression data are available at the NCBI Gene Expression Omnibus 

(http://www.ncbi.nlm.nih.gov/geo/) under accession number GSE25070. Total RNA from 

25 normal pairs of colorectal tumor and non-tumor adjacent tissue samples was isolated 

using the TRIZOL® Reagent (Invitrogen, Burlington, ON) according to the 

manufacturer’s protocol. The concentrations of RNA samples were measured using the 

NanoDrop 8000 (Thermo Fisher Scientific Inc., Waltham, MA). The quality of the RNA 

samples was assessed using the Experion RNA StdSens analysis kit (Bio-Rad, 

Hercules, CA). Expression analysis was performed using the Illumina Ref-8 whole-

genome expression BeadChip (HumanRef-8 v3.0, 24,526 transcripts) (Illumina). Briefly, 
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RNA samples were processed using the Illumina TotalPrep RNA Amplification Kit 

(Illumina). Total RNA (500ng) from each sample was subject to reverse transcription 

with an oligo(dT) primer bearing a T7 promoter. The cDNA then underwent second 

strand synthesis and purification. Biotinylated cRNA was then generated from the 

double-stranded cDNA template through in vitro transcription with T7 RNA polymerase. 

The biotinylated cRNA (750ng) from each patient was then hybridized to the 

BeadChips. The hybridized chips were stained and scanned using the Illumina HD 

BeadArray scanner (Illumina). Scanned image and bead-level data processing were 

performed using the BeadStudio 3.0.1 software (Illumina). The summarized data for 

each bead type were then processed using the lumi package in Bioconductor. The data 

were log2 transformed and normalized using Robust Spline Normalization (RSN) as 

implemented in the lumi package.  

 

CpH methylation 

Recent reports have identified significant DNA methylation occurring in mammalian cells 

at non-CpG cytosine (CpH) contexts, especially CpA 1-3. We found that nuclear DNA 

had slightly greater CpH retention than mitochondrial DNA (0.65% retention vs. 0.25%), 

suggesting that there is indeed some low level methylation of nuclear CpH DNA. 

Bisulfite-seq reports of ES and iPSs have indicated that a significant fraction of CpHs 

are methylated in more than 25% of reads. When we searched for CpHs with >15 reads 

and at least 25% methylation, we found almost no difference between the normal tumor 

and colon, and both were at frequencies of approximately 0.1%, a level much more 
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consistent with that of somatic cell lines than hESCs or iPSCs, which generally had 

frequencies around 1% (Supplemental Figures S4-S5). 

 

Bisulfite-seq identification of focal methylation elements: Methylation-Prone (MP), 

Methylation-Resistant (MR), and Methylation Loss (ML) 

Unmethylated regions (UMRs) were identified by scanning all windows of at least 10 

individual cytosines contained within CpG dinucleotides (each CpG dinucleotide 

contains two, one on each strand). Only those covered by at least 3 cytosine or thymine 

reads were counted, and each CpG dinucleotide was assigned a weighting factor 

defined as the span (in base pairs) between the next CpG dinucleotide upstream and 

the next CpG dinucleotide downstream. A weighted average was calculated for each 

window, and those with an average methylation of less than 5% in both tumor and 

adjacent normal tissue were categorized as methylation resistant (MR). Those with less 

than 5% in the adjacent normal tissue and greater than 35% in the tumor were 

characterized as methylation prone (MR), and those with greater than 35% in the 

adjacent normal tissue and less than 5% in the tumor as methylation loss (ML). Two or 

more overlapping UMRs of a single class were merged into one. For “clustered” UMR 

loci, all UMRs of a single class within 500 bp of one another were merged into one. 

 

Homer de novo motif searches 

De novo Motif discovery was performed using HOMER (script v2.6 (10-22-10)), an 

algorithm previously described4. Briefly, MR, MP and ML genomic sequences were 

extracted using Galaxy5 and were divided into ‘target’ and ‘background’ sets for each 
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application of the algorithm (HOMER perl script ‘findMotifs.pl’).  When MP or MR were 

classified as ‘target’, known CpG Islands (CGI) overlapping domains were used for each 

application.  Motifs of length 6, 7, 8, 10, 11, and 12 bp were identified separately for 

enrichment in ‘target’ compared to ‘background’ set using the cumulative 

hypergeometric distribution to score enrichment. To increase sensitivity of the method, 

up to two mismatches were allowed in each oligonucleotide sequence and distributions 

of CpG content in ‘target’ and ‘background’ sequences were selectively weighted to 

equalize the distributions of CpG content in both sets. To identify de novo motifs 

enriched in MP, ‘target’ was CGI overlapping MP and ‘background’ was CGI 

overlapping MR. To identify de novo motifs enriched in MR, ‘target’ was CGI 

overlapping MR and ‘background’ was CGI overlapping MP.  To identify de novo motifs 

enriched in ML, ‘target’ was ML and ‘background’ was MR.  Raw outputs from HOMER 

can be found in Supplementary Materials and Methods. HOMER perl script 

‘annotatePeaks.pl’4 and R software plus ‘ggplot2’ package6 were used to generate 

genomic distribution of each identified motifs. 

 

Bisulfite-seq identification of Partially Methylated Domains (PMDs) in tumor and 

IMR90 

Partially methylated domains were identified by scanning all windows of at least 10 kb 

and containing at least 10 individual cytosines contained within CpG dinucleotides (each 

CpG dinucleotide contains two, one on each strand). Only those covered by at least 3 

cytosine or thymine reads were counted, and each CpG dinucleotide was assigned a 

weighting factor defined as the span (in base pairs) between the next CpG dinucleotide 
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upstream and the next CpG dinucleotide downstream. A weighted average was 

calculated for each window, and those with an average methylation between 20-60% 

were categorized as partially methylated. All overlapping partially methylated windows 

were collapsed into a single partially methylated domain (PMD), and those of less than 

100 kb in length were discarded. 

 

External data: ENCODE ChIP-seq  

ChIP-seq data was downloaded from the UCSC ENCODE portal. 

(http://genome.ucsc.edu/ENCODE). Peaks defined for transcription factor binding 

clusters were highly specific, but peaks for histone modifications were overly broad so 

we used only the top 30% of peaks for a given mark, based on the average signal value 

in the ENCODE peaks files (supplemental fig X). 

 

External data: Hi-C chromatin conformation capture data (GM12678 

lymphoblastoid cells)  

We used HiC compartments from GM06990 lymphoblastoid cells taken from7 (GEO 

#GSE18199).  We downloaded 100 kb bin values based on the first principal 

component (eigenvector), and removed chromosomes 2 and 10 as the article 

supplement indicated that those two chromosomes did not follow the A/B compartment 

structure of the others. We identified compartment boundaries using the definition of two 

adjacent 100kb windows with negative values, followed by two adjacent windows with 

positive values (yielding 1,095 boundaries total, see Supplemental Data File).   
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External data: Replication Timing (BJ Fibroblasts) 

We downloaded replication timing data from the supplemental materials of ref8. Based 

on a personal communication with the author Scott Hansen, we calculated the ratio of 

cells dividing at the late (S4 and G2) time points vs. the early (G1 and S1) timepoints for 

each locus in the genome, and identified those regions with a late:early log2-ratio of 

greater than 1.5. This cutoff was chosen based on a bimodal distribution of ratios, with a 

clear peak of early-replicating with values below -1.5, and a clear peak of late-

replicating with values above 1.5 (data not shown). We merged any matching positions 

within 2 kb, and selected those regions larger than 100 kb as late replicating domains 

(yielding 1,029 late-replicating regions, see Supplemental data file). 
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Sample ID
PCR 

cycles GAIIx
Unique mapped 

reads

Total uniquely 
mapped 

sequence (Gb)
Avg 

coverage
Genome 
covered

CpH retention 
(nuclear 
genome)

CpG retention 
(nuclear 
genome)

CpH retention 
(mitochondrial 

genome)

CpG retention 
(mitochondrial 

genome)
CpGs covered by 
at least 1 read

CpGs covered by 
at least 5 non-
duplicate reads 
(either strand)

CpGs covered by 
at least 10 non-
duplicate reads 
(either strand)

Per cent CpGs 
filtered out as 
possible genetic 
variants

Normal colon mucosa OTB14838N 5 Single end 75bp 1,205,774,297 86.7 32.22 94.11% !"#$% &'"$(% !")*% !")*% 87.17% 81.33% 75.74% 2.4%
Colon tumor OTB14838T 7 Single end 75bp 1,050,881,599 75.8 28.13 94.25% !"#*% #$"+,% !")#% !")&% 87.09% 79.43% 72.31% 3.8%

  

Supplementary Table 1. Bisulfite-seq samples
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7"#L JH HKGHG HKGHG G OMENHQEMGP GHPEGOHEGQL JE;HPEPHQEN;Q QEPLGEGGM JQEG;JEMMJ GELMOELN; JHEQOJEHMP QQEGHNELHH GEPLQENHL GEJJ;EOPJ GEMLMEPOP GENMGE;PP NGKMOR JLENN;EGPL PO;EJHNENML JEMGQEQ;; JOEGMNEJMO
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7"#G JH HKGHG HKGHG G M;ELMHEO;; QGGEGQ;ENNM PEGLHE;LQENPH OEPOLENQQ ;;EPLJEJ;; JEMPPEMG; ;QEONHE;GM JNENOGELMO JEQN;EMPG QE;QHEJGL JEPLLEHPQ JEO;JEPMH NGKQGR NLEMPLEGQN GEGOPELGJEJ;P PE;OMENM; PMEGONENLL
7"#Q JH HKGHG HKGHG G LQEJ;OEOGO QQPEHNJEL;O PEPOLE;GNEMHM OENMGEGGO ;;EPOJEJNP JENQOE;M; ;QEQHJEGPQ JMEM;NEOQQ JEQHHEJQH QE;HMEGNL JE;MGEPNL JEJN;EH;G NJKMJR MQEMNQEO;; GEGLLEJLLEMJO NEPOMEHHQ NHELMQEHPH
7"#J JH HKGHG HKGHG G NPE;HNEPGG GMNEOJOELJM ;E;HME;OJEMMM JEPL;EHMQ OQEGPGEJMP QEMQMEMHN JLEJOJENNP QLEJJ;EJQO QEOQHENPO GEMLHEJGJ QENGNELQO QE;;NEOQM NOKJGR PMEGOPEPM; LMJELM;EJ;J PEOHJEJLQ ;MEJQME;OP
7"#O JH HKGHG HKGHG G NHE;M;EGPG GNLE;HPEHLG ;EHMQEGJGE;LQ JEJ;GEOHN JNEGQHEJP; QE;Q;EJMJ JOEOLLEQPG Q;EPMMENHG QEGO;EMGN GEP;;EMO; QEOQJEMG; QEQN;ELLJ NOKQOR PQEPQJE;MN MNOEOPNEHN; PEOQME;HL ;QEMJOE;;N
7"#; JH HKGHG HKGHG G PMEQGOEPQN GPMEGJLEMJM OELGGEO;JEGOO JEJ;LENMO JMEOOGEQPJ QE;MQEG;L J;ELLNEOLP QPEJLGEQLH QEQGJELNQ GENQLEOJN QEOMQEJQN QEJJNELGJ NJKGLR PHENONEJGQ MNOEHJNEOHN ;ENPMEQ;N ;GEMLMEQ;J
7"#P JH HKGHG HKGHG G POENOGENOM G;LELJQEHML OEPPGEOH;EM;P JEJGLEHJM JMEHQQEPOM QE;;GE;JJ J;EPQQEMLJ QPEGLHENLJ QEGM;ELJN GENHNENNP QEO;JEG;; QEJHMENQL NJKJOR ;NENOPELHQ MQPENQGEL;N ;E;GPEG;O OLEGMPEQHH
7"#N JH HKGHG HKGHG G ;NEMHLEHNG GO;EPJJENHO OEGPQEQ;JEGGQ JEGMJELMH JNEJJNE;NP QEPGPE;;Q J;EGHMELQL QPEHPLELO; QEQHPEMNQ GEPLGEOHQ QEOLPELHP QEJQNEGHN NJK;MR ;JEJHOE;QH N;GEQQJEGLJ OENMME;QJ O;EHLMEJGP
7"#M JH HKGHG HKGHG G ;;ELPOEO;O GJPEJGJEQGM OEHQLEOOHEPMM QELQPEH;J JJEMJHENNG QEQPOELLP JGENPQENHN QJE;P;EGQM GEL;QEOMG GE;Q;E;PQ QEGMOEPHG QEHPHEHJN NJK;OR OLEL;QEGP; NQJEPM;EJJP OEPGOEOHQ OQEMPMEHOO
7"#L JH HKGHG HKGHG G OQELGGELQN GHPEHOQEPHG JEHMLEP;MENOO QEJPHEOLL QMEJQLEGQ; GELMQEMLL QPEPMGEMGL GLEONPEGOM GEPNNEQ;L GEQMPEMO; GEMLQEPQN GENP;EOO; NGKMPR JLENJ;EGNL ;PLEMGNEN;G JEJPJEQPM JJELHNEGN;
7"#GH JH HKGHG HKGHG G ;GEQJOEJHJ GQJE;QNEMQH JEPMMEMPLEMGP QELOQEHOG J;EHJGEJHQ QEJJQELQG JQELNOEHJG QOEJLNEQJJ QEHGPEHQH GE;MMEQMO QEQOPENQM QEGGLELHO NJKQ;R OPEP;OEJQH PM;EHJPEGL; JELLOEOGJ OHEQOHEQOL
7"#GG JH HKGHG HKGHG G ;GEH;OEQJ; GQ;EOJMELPN JEPN;ELHOELQH QENQNEQOL JQEPLLE;OL QEQ;MEMMO JHENPQEJ;; QQEHJHEPQQ GELQMEOMJ GEOMOEJLG QEGNHELNL QEHJJENHM NHKNOR ONEOQLEGOM PMHEL;OEJLG JEM;NE;MQ OHE;OLEP;L
7"#GQ JH HKGHG HKGHG G ;HENMPENP; GQ;E;HGELGM JEP;PEPONEHMH QEN;OEN;J JQEQHJEGPL QEQQNEPJG JHEJQJEL;H QQEHG;EHMN GEMLQELJ; GEOPGELHP QEGJ;EJPQ GELLNELNO NQKJLR OPEONJEOQO PPQEOHQEOQH OEH;OELPO JLE;LQEM;O
7"#GJ JH HKGHG HKGHG G JPEMGGEHJN LQEOPQEJNH QEP;HEJLOEPPO GEMNHEMHH QGEH;GEMHG GEOGQEGMJ GLENHNEGGJ GOENJGEGNN GEQGJEQGM LOMEGNN GEJPHELLP GEQMOEHOG NOKOLR JQE;OOEPJN OPHEH;HENM; JEJQMEP;Q QNEPJOEPLM
7"#GO JH HKGHG HKGHG G JOEQOPEGNQ MOEOLGE;NN QEOP;ENQOEJMO GEMJQEGOQ QGEPPJEMJN GEOL;EGNH QHEJMOEOGL GOENN;EJQH GEQNGELPP LMHEPJ; GEOJJEQ;J GEJOGEMQJ NGKLOR JGEJLPEOJQ OOLEOOPEMMG QENO;EPNO QPEMQJEMMQ
7"#G; JH HKGHG HKGHG G JGEGN;EQ;L N;EGPQEHHP QEQOOEPGMEPOM GENNOE;;P QGEQPLEPOH GEOOJEMPM QHEHO;EMQO GOEPPPEGHQ GEQQLEPJG L;MEJMP GEJMGEJO; GEQLGEN;; NQK;QR QMEPQ;EGL; OQHE;PJEGGG QEJ;ME;QL QOE;MGEMLG
7"#GP JH HKGHG HKGHG G JHEGMHEQ;N NQEPMPEPMH QEGNQELNME;HO QEHNOELHN Q;ELNNEHGO GEMO;EGM; QOEPLQEGQP GNEMJ;EPJQ GE;POEQ;N GEGMLEJQO GENPJEHGM GEPJNEGGO NHKLHR QMELMLEOJO OQJEPQOEHQJ QEHOMEPGP QOELLGEPQM
7"#GN JH HKGHG HKGHG G QMELOJEHHL NQE;NJENML QEHMJEMLPEPOM QEH;MELO; QPEGLNEHLN GEL;HE;MG Q;EHJMEMG; GNE;HGEQPL GEPQNE;NL GEQGNEGOJ GEM;JEOO; GENHNEOLM PMKNNR QLEJHNENLP OGGEPJPE;L; GELQOENON QOELPHEG;O
7"#GM JH HKGHG HKGHG G QLEPPHENMQ NQEGJHEJOL QEGJ;E;NPEJHO GE;N;EOQH GMEGPMEJ;G GEGLLEHN; GNEH;PEHMJ GQEN;HEPN; GEHJPEMGO MGLEJJ; GEG;NEGPQ GEHLQE;L; NOKGGR QPEQGJELOP JMGENQME;O; QEOLMEP;H QQE;QGEOJG
7"#GL JH HKGHG HKGHG G GLEPN;ELPN ;QEN;QEPNN GEOGPEPPLEPQO GENGJEJQP QQEOJNEOON GEMQOEGJJ QGEPOJEGNJ GOEJNME;PP GEOMLEM;Q GEHPHENOG GENQLEG;; GE;NGEOMJ P;KPMR QQEGOJEJQG QLHELNJEGQH GEGPGEMGM GMEOOOEHMH
7"#QH JH HKGHG HKGHG G QOEN;GEQOG ;NEPHNEH;N GENMQEHMLEJ;Q GE;QGEMPG GMELNPEHOP GEQMHEJHQ GNELL;EMQL GQENL;EQ;M GEGHMEPJO MPMEHJH GEQJ;EPOH GEGPQEQ;J PLKLOR QJEHPOEPQP JONEHGMEQJG GEPMHEJMH QHEGOOEJO;
7"#QG JH HKGHG HKGHG G GJEOJQEGGL JQELHQEMM; LPNEGGQE;PM MJQEQNO LEMG;EJOM PPHEJHM LEQJQEOGP PEMNJEGGN ;PLEP;Q OOJEQHP PJPEJMN ;LLEJQH NJKPNR GQEGQHEMHO GN;EJQMEOMJ GEGHNEO;J GHEJPPEOPL
7"#QQ JH HKGHG HKGHG G GQELOLEHN; JQEGGMEJMM LJQEJJJEOHH LLMEGMH GJEQ;LEHOG LNNEGNQ GQEPMHEMHQ LEH;OENQM MQOEHHL PQQEPNH LJHEMHM MPGEJJQ PLKLQR GJEP;QEM;L GLJELPJEJGN NPNEOOL GGENP;EGHP
7"#S JH HKGHG HKGHG G QNELNLE;JO GJOEMQGELQQ QEHGOE;QPEOOM GEJHNEOPO GOE;JOE;N; GEMPLEJQM GJEPMGEL;M GHEGPNEPNM GEQ;LEQJ; PQPEMQ; GENHHEQLH GEJMPEMHJ NJKLMR OPE;;HEMMQ J;OE;QMEQNQ QEJGHEPQH JHENJJEMNM
7"#T JH HKGHG HKGHG G QEPONEMMG GJELQGEPML GLHEPONEOJQ GJJEPLO GEJJNE;QQ GP;EPGH GEQGQEQLN LGJEQHN GH;ELM; ;QELMN GOOEOHQ GG;ENOO N;KGOR OE;NPEMLN JJEMLHEOOO QHPEOHO QEMJGE;PO
7"#( JH HKGHG HKGHG G JGENMJ G;EQMQ QEQMMEJNP PEQG; ;QELLN PLP ;NEO;; GOP P;G PQN PN; PNH HKJHR ;EGNL JLMEMLO GEG;M OENNP
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Supplementary Table 2. Bisulfite-seq sample details
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;JEPN;EPOP NMEQMOEHNN N;EJ;QEPNH HKPNR ;Q;ELPJ OEONOELJO ;JMEQGM OQOEQPP LPEGQG ;GQEPGQ OPPEONJ LKHOR JOOEJQJ ;EOJHELM; QMJELJL QNNEOPM QHLEPLH JJPEHHG QLLEH;N ;K;MR LMKLLR
;PEH;PELQO MGEJNMEOOP NMEONLEPGN HKN;R ;JGEMQP OE;;;ENP; ;NLENQQ OJGEGMO LLELMH ;GLEJPH ON;EQP; LKGJR J;LEHG; ;ENNHEOHQ JGJEGON QLQE;OP QQQEMHL J;GEJOM JG;E;JG ;K;LR LMKMMR
O;ELOOEPNO PPELLQENJM POEPHOE;NQ HKNNR OJQE;NM JEPPJEHGM OOPEPJQ J;HEOMG MGEG;; OQQEL;N JMNEGMJ MKLNR QLMEPJO OENHMEMOM Q;HEHPQ QOJEJPL GM;EOLP QLQEOQH QPQEM;G ;KOLR LMKMPR
OHEMQ;ELLL PGEO;LEQGL ;LEHHNEQO; HKMNR OGQEHHO JEOMLE;PP OJNEQPH JJQEPNG NOEJPJ OHQENNG JPNEHMO LKHJR QL;EHM; OEPPNEOGQ QOOEGLM QJLEQN; GNLELO; QMMEON; Q;MEPHL ;KOGR LMKNJR
OHEMQNEQ;G ;LEP;MELLQ ;NEOLMEGQP HKNMR JMNEQ;L JEQOHEJMG JMQEPPO JGJE;;Q NGEOQO JNMEJMQ JOPEGOQ MKMPR QPJELNO OEGH;EQMN QGOEGGN QG;EJHM GPJEPOO Q;MEOQ; QJQEQHM ;KOPR LMKMOR
JME;PGEMLN ;PENHLELGN ;OEPGJEMJH HKNLR JNPEP;H JEJJME;JO OOLEGON JH;EHGJ NGEJ;N JPMEJHJ JJPEPOL LKQ;R QPQEOLQ OEQ;HELHL QOQEQQH QGJEPNJ GPQEQLO Q;PELOG QJHE;QQ ;KPOR LMKMOR
J;EQGNEQGM ;QEHLPE;HN OLELGOEQM; HKNOR JPHENOM JEHOQEN;N JLLELMQ QLHE;JM PPELOH J;HELJM JGNEGH; LKMHR QOHEPNQ JEPP;EO;P QG;EHGQ GLQEL;J GOOEN;P QJOEPQO QHMEQM; PKHJR LMKMLR
JJEMGMEM;J OLEGQPEOON ONEOQGEG;Q HKN;R JQHELMP QENHLENGH JJGE;ML QPHELPJ PHE;;L JGOEJGG QMMEJP; LKGPR QG;EJQH JEJLNEPOM GMGENMQ GNPEQQO GJ;EHP; QGHEMNO GLHEQJG ;K;PR LMKMMR
QPENQ;EGOP JMEM;MEJGN JNEJPMELMM HKPLR QPOEHNQ QEQOOEPQN QMGEGQQ QGJEJQN OLEGNM Q;PENMM QJJEGJL LKO;R GNJELQO QENGQELMQ G;GEG;M GOHEHMN GH;EMLN GPLE;GL G;HEMLH ;KN;R LMKL;R
JQEGGNEO;H O;ENLHE;HP OOEGLHEOLL HKPMR JHOEHGP QENPOEPPO OHGEOQJ QONE;PP PGEO;L QLPEMON QNGENHO LKMJR QH;EMNP JEONMEGJJ QG;EJQL GPNE;HP GQMEJJN QHGEGQH GMHEOO; ;KLLR LMKLNR
JGELONEHQP OPE;JOE;QN OOENLLEJGP HKPNR JGQEOOM QEPQQEGGH JGPEQH; Q;QEPON ;MEOG; JH;EG;G QNMEHP; LKGOR QHOEOPN JEQQPEGQO GNOE;NP GP;EOJN GQ;EMPP GLLEMQM GNME;PP ;K;LR LMKLLR
JGEHPHENNP O;E;LPELGO OJEMNOE;PQ HKNQR JHMEJJP QE;PJEPHL JGHEMLQ QOME;H; ;PEJJN JHHEMLP QNOEHNN LKJHR QHMENOP JEGMHEHQN GNJENJO GPMEJHM GQPE;LH QHJEPPP GMGE;JJ ;KN;R LMKLQR
QGEOLOEMOH JGELLOEMQH JHENMHEQNP HKMPR QGHEHN; GENJNENQQ QHNENQH GNHEGPO JNEJ;M QH;EPMM GMNENMQ LKHHR G;HELHO QEJHLEJQH GQGEHPJ GQQEGHL LGEMOO GONE;PL GJQEHHJ ;KJ;R LMKN;R
QGEHNPEHJN JHEMGJE;NG QLEP;OEJHG HKNQR QHPEPGO GENQJEMHH QHLEMON GPPELPJ JMEQLG QHGEPLM GMJEP;G LKJPR GJMEH;L QEGGQEM;G GGPE;LP GGGEJGJ MJEMP; GJOELQ; GQHEJ;H ;KNQR LMKLQR
GLEPH;EQPG QMEHJGEGMN QNEHHGEMPP HKP;R GMPELQQ GEPHHEJPN QHPEJMJ G;HENNJ JPEJOJ GMGEN;; GP;EHNL LKP;R GQ;ENGH GELNGEG;J GGJEQPL GHGEJJP NPELNO GQQE;QL GHLEQGH ;KMPR LLKHHR
GLELGNENMO QMEJQQEHHG QNEGLMELHJ HK;;R QHOE;HG GEM;NEOLJ QM;EL;Q GP;EM;J OGELQL GLMEPHJ GNLEJOL GGKGGR GQMEQL; QEHNQEGQP GOME;NH GHQEL;P NNENJJ GQOEMMO GGHELGP PKNGR LLKGQR
GLE;L;EM;Q QME;;MENON QNEJHPEGOH HK;JR QGOEH;L GENMHE;NP QJGEO;; GNGEJLQ JLE;PL QHNEOPP GM;EMPL GHKOHR GQNELLM GEMLHEQNG GQJEMMO GHHEPOM NOEJ;J GQOEG;N GHMEGM; PKNLR LLKG;R
GNEMQNEL;G Q;ENMHEMLJ QOEMLMEJQO HKNMR GPNE;PO GE;GPEMNP QQQEHGG GJPEHOQ JQEHNL GPOEHJH G;HEJMG LKOQR GG;ELQM QEHGGELPN GGHEJP; LOEMJJ NQEOLO GGJEOQJ GHQEHMO ;K;MR LMKMPR
GOEHOLEGNN QGEON;EGMP QHEQLGEPLH HKOOR GMGEQMQ GE;QMEOHN QGGEMJQ GOJEGLN JGEHQP GN;EGQM G;OEQQM GGKJLR GHHEOHL GEOOHEMNM LME;HL NPENHQ ;JEMQQ LPEL;N MQEPHG NKJLR LLKQNR
GPEQNMEJON QQEPLOEGLL QGELNGEQNO HK;PR G;HEGMN GEJQOEJJN GNOEPPJ GQQEMJP JHEMNN GOPEMNM GJOEMQJ LKLMR LJE;JG GE;Q;EMNL LQEPNM NPE;GJ ;LEHHG LGEOJJ MGELNP PKJOR LLKGGR
MEGPHEP;H GGEMNNEOPH GGEOGLEHQP HKNOR MJEOP; MGPELHO GJGELL; PNENOQ GNEHON MGEQML NJELNP GHKPMR ;PEPMJ GEH;JELPO NQE;Q; O;EPGQ JOE;LL ;;EQ;H OLEGMH PKJJR LMKMLR
LEJJJEOMQ GJEJGGEGJL GQEN;LEGON HKOOR LLEMMQ MOQEGGG GGOELMP MHE;N; GLEOOQ LPENPQ MPELPN GGKHHR ;;ENPM MQOE;P; ;NELHM OJEMGJ JQEPG; ;OEHMN ONEHMG NKQLR LLKQPR
GPEGOMEH;G OJEMOMEPQQ JPEMOQENHP HKNPR OHHEOOL QE;P;EHP; GQHEOLP QL;EL;G GLEJMP JM;EMN; JHMEM;M OKMJR QHJELLL GEPMMEQMM ;LENPQ GJ;EO;J NGELNH GLOEH;J GO;EJNL JKMMR LMKM;R
GEOPJENGL OEHNME;JO JEJGHEO;P HKNJR OQEGJQ JLGEONN PPEGOP JHEPNG JELJQ JLEPGL JGEHNO PKOQR QHEJOM JONEO;O QPEMH; GJEJQJ NENQN GLEQ;L GOEMHO ;KJQR LMKLLR

;EQGL ;E;PN ;E;;L HKJGR PG ;EPQG QH ;H JO PH ;L HKLHR OG NLEOQ; MP JN JO OG OH HKGOR LLKOPR

P;GENJHEHGG LNJEQNQELPP LJHE;;MELNG PEPMOEHGM ;PEJLOEMGH NEH;MEJOQ ;EJNQEMNQ GEGLOE;PN PE;GOEGHN ;EMMJEQMM OEJLHEGPH PNEMOQELQL JEMHGEQHM JE;GPENP; QEPQNEJMP OEQMGENPN JENLQEOLN
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;GENOMEOJG NMEGQPEMNJ NOEMM;EQ;J HKPNR ;O;EN;J OEJQMEHON OPMEMJO OOHEOGO MMELOL ;JQEQ;M OMJEGHP MKNJR JOPEJJL OENHQEPNN Q;HE;JM QNPEPHH QHJEQNL JJNE;NJ QLNE;PH ;K;LR LMKLLR
;OEHLGE;H; MGEQJQEGN; NMEHQJEMLJ HKN;R ;;JEHOJ OEOJQELPG OLPEOG; OOMEPLO LQEMGM ;OHEJGL OLJEQHH MKMGR JPHEMQH OELN;EMQ; QPMEOOP QLGE;OO QGPEHMP J;QEPNL JGOEHOJ ;K;MR LMKMMR
OOEJJNEQ;P PPEMNNELPN POEQJPEMLM HKNPR OOLEQ;J JE;L;EQLM JL;EHMJ JPOEGJO N;EQJJ OJLEOPM OHGEHNM MKPOR JHHEHHO OEGOPELLO QGPE;MH QOQE;PN GNLEMLP QLJEOPH QPGEOOG ;KOMR LMKMPR
JLEJHGELLJ PGEJONEL;M ;MEPJLEHLM HKMPR OQNEQP; JEJLOEOQM JMJE;ML JOOEMPQ PMEPGQ OGNEMPN JNLEPON MKNJR QLPEOML OEHQJEG;M QGGEOOP QJMEGON GNJELN; QMLE;;J Q;NEQOL ;KOQR LMKNJR
JLEJMNEN;; ;LE;;;EJQJ ;NEGPPELMM HKNMR OHQEOOJ JEQHGENLP JOOEMJG JQPEH;G PPEJ;O JLJEOHH J;MELJL MK;OR QP;EGOO JEPJ;EHQJ GMMEH;H QGOEJLM G;ME;PP Q;LEQL; QJHEMNN ;KOPR LMKMOR
JNEGM;EJG; ;PEPHLE;GG ;OEQLQEPNP HKNMR JLGEJLL JEGOOEPPM JPGE;HP JGNEHHM PPEJ;J JMQEMON JOMELLH MKLOR QPJENLO JEPQJEMPM GLLE;QH QGQEMLO G;NEQMG Q;NELJQ QQLEO;L ;KPJR LMKMOR
JJELHNEMJL ;GELMOEHON OLE;N;EOOJ HKNOR JNOEQQM QELN;EQLL J;;EHNP JHGEOJL PGELNM JPOEQJN JQMEGQP LKOMR QOGENGQ JEQQ;E;OJ GMNENJQ GLGEMOQ GOHEHGJ QJ;EQLO QHPEMNO PKHQR LMKMLR
JQEPJPEJLH OLEHO;ELPQ ONEG;MEO;P HKN;R JJJEO;H QEPNOE;;O QLLE;OQ QNGEQ;N ;PEJQH JQPEPMG QLMEMQM MKMPR QGPEJGM JEHHPEOPG GPHEPHN GN;EPN; GJGEGPP QGGEPGG GMLEJHO ;K;;R LMKMMR
Q;ENPLEJJ; JMENNMEOHP JNEGJPEOLL HKPLR QNJELQJ QEGMME;NH QONEP;; QQGEOJN O;EOP; QPPEPGQ QOGEOJP LKGGR GNOELNH QEJNOELLM GQLEOQ; GJLENPG GHQELQO GNHEJQL G;HEQLO ;KNJR LMKLPR
JGEHGLEPLP O;ENHNE;GN OJELJMELJQ HKPMR JG;EMM; QE;MJEQOG JGHEM;G Q;NEQJP ;PELPH JHMEPQ; QMGENJQ LKO;R QHPEPMJ QEMPJENOP GPNE;QQ GPPENPN GQOEOQL QHGEPLN GNLEQPP ;KLNR LMKLNR
JHEMHQEQQP OPEOOMEQQM OOE;JGEHHQ HKPPR JQOEMPO QE;MMEOPM QM;ENOO QPQENJJ ;OEJHQ JGNEOQG QMMEOLM MKMJR QH;EOJP QEMHGEHPG GOMEOQL GPOEM;N GQQEGNP QHHE;QQ GNNE;;L ;K;NR LMKLLR
QLELJOELQN O;E;GGEMQP OJEPHOEQO; HKNGR JQHEQNQ QE;QNELQO QMHEGJH Q;MEG;G ;GELJJ JGQEPNG QMJEML; MKLLR QGHEHGG QEMGLEML; G;JEMMJ GPNEPMN GQQENHJ QHOEPPQ GMHENHP ;KNJR LMKLQR
QHENGOEPHQ JGELOGEJO; JHEPHHEONP HKMPR QGMEP;Q GENQ;EGHM GMNEPJN GNNEGOO JOEPLJ QGOEGLQ GL;EHH; MKPNR G;GELQJ QEH;GEGQJ GHNEHOQ GQGENOJ MLEQJM GOMEOHJ GJGEPHM ;KJOR LMKN;R
QHEJQHEGPM JHEN;OEMNO QLEONOELQ; HKNGR QGOEPJL GENHPEHQ; GLHEPHG GNJEPHO J;E;LM QHLENHM GLHEOMG LKHOR GJLEHPJ GEMNOEJGO GHQEN;H GGGEGL; MGE;PH GJ;ENQL GGLELLH ;KPMR LMKLQR
GMELQJEM;Q QNELNJEH;P QPEMJOEQGO HKP;R GLOEHPN GE;PMEMJO GMOEGPH G;PEPLJ JJEPNM GMMEMNG GNGEG;N LKJGR GQPEQOL GENJ;EO;G LME;;H GHHEMPL NOENQH GQQEMMJ GHME;NO ;KMOR LLKHHR
GLEQHPELOG QMEQ;PEH;H QNEHGOEOP; HK;OR QGGE;LQ GENOLEQQH QJOEJLP GNGE;MH JME;LO QH;E;LG GM;EJHQ GHKNGR GQMELGL GENPHE;LL GGOEMPN GHQEPHG N;EQNL GQ;EJJJ GGHEQNO PKPJR LLKGQR
GMEMOLELPN QMEOMNEPQP QNEGHOEGMN HK;JR QQGEPQM GEN;HEGJQ QHMELJN GNNEOLP JPEOPP QGOELGP GLQEHGP GHKHPR GQLEHQ; GEPPHEJJ; GHLEQJ; GHHEOLP NQEHNQ GQOELMQ GHNENN; PKNLR LLKGPR
GNEQGOEPHL Q;ENJNENMQ QOENPJEHQJ HKNNR GNOEQNN GEOHJEPGG GPGEL;Q GOGEPPQ QLENJM GNHENG; G;PEGQH LKHLR GGPEP;N GEPGLENN; MNEGQP LOE;NJ NHE;HN GGOEHQM GHGEPLL ;K;NR LMKM;R
GJEOOHEHON QGEOGQEMN; QHEGHJEMNL HKOJR GMNEHLP GEOJOE;QQ GMGEGGL GONEPPM QMEGMN GMHENNL G;MEPON GGKH;R GHGEOMG GEGLHEM;G MOENGQ NPE;N; ;GENOQ LNEM;M MQEJL; NKJNR LLKQMR
G;ENJLEOMQ QQEP;;ELGM QGEM;OE;PP HK;PR G;PEHQG GEQMNEOGO G;JEJOP GQNENQM QMENNM G;QE;ML GJLEMGO LKPOR LOEGJO GEJQPEHPJ NLEMHO NPEJMQ ;NEQM; LGELGP MGENQO PKJHR LLKGQR
NEMP;EMQ; GGEM;JEGGP GGEJOPE;QQ HKNOR MPEOJP NOGENML GHOEQLO NHEGP; G;EMOM MOEQ;N NPEOQN GHKJMR ;PELHG MQHEJQQ ;;EQNN O;EJQQ JJEJJL ;;EJ;; OMEMHG PKJ;R LMKMLR
MELM;EQJG GJEQNME;OM GQEPNHEQML HKOOR GHJEON; MQLEH;N GHOENNQ MJE;QM GMEHPG GHHEJJP LHEH;N GHKPPR ;PEQLN NGNEGMP ;GE;NP OJEMOP JGEPNM ;OE;H; OPELQM NKJGR LLKQNR
GOEMJHEHQQ OJENHQEONG JPEGONELPJ HKN;R OGGEOOJ QE;MOEJML GGOELLH JHJELLJ G;EMNL JLPE;OQ JGOEPQP OKNQR QH;EPMJ GE;NLE;HG ;;EPPL GJOEPLM PNEHL; GL;EJJH GOJEM;G JKM;R LMKM;R
GEJJJEGGN OEH;JEGJN JEQJGELPN HKNJR OQEMMH JHQEMNN QLEOQN JGEHLN JEQG; OHEJMM JGEJQM PKGLR QHEGNN GLPEMOJ GJEJMH GJEHGJ NEHNM GLEHO; GOEJGH ;KJMR LMKLJR

OE;PH ;EHQH OELPM HKJGR JJ JNH H QQ N JQ JH HKHHR JQ QEPJL O QL QL JQ JH HKM;R LLKOJR

PQNE;OPE;JG LNGEJJQE;LG LQOEJJ;EM;L PELJJELMO ;OENGMEQJQ PEHMOEMMN ;E;N;ENNO GEGHOEHGQ PENPGEQLH PEHMMEO;; OEOGOEQQL ;MENJGEPGQ JEQOQEGPP JE;HOEH;Q QE;OOEHMN OEQLLELNO JENNQE;PG

Supplementary Table 2. Bisulfite-seq sample details (cont.)
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7"#G JH HKGHG HKGHG G MGEPGOEHMQ QGGEJLLE;HQ ;ENLQEGNGEPMO OEJHMEPJJ ;HEQOOEGM; JENLGEMMP O;EGJGEMOQ QNEMJNEQNP JEHHOEHPO QEHPLEGGN JE;NPELNH JEQQQEMNG PQK;HR NLEO;;EPNP GEHPGELHHEGPG PEPQHEHHJ P;EPHJELHH
7"#Q JH HKGHG HKGHG G LJELNJE;M; QQPE;LGEOGQ PENLJENJOEG;P OENMGENLJ ;OEPPOEOHL JEPMGEMPL ;HEPPHE;LL JGEMQJEPJ; JEGHNEHNM QEJ;QELHL JE;QLEPQO JEJHPE;;O PJK;MR MQELHHE;HG GEQGMEOJ;EHNM MEGMLEPG; NGEHNOEJNO
7"#J JH HKGHG HKGHG G NMEJPHEJMP GMNENLLEJLJ ;EPPOE;LJE;NQ JENGNELO; OGEPGOEHGP QENLNELMG JMEJL;EJ;G QJEMGGEPJQ QEJ;NEOPN GENMNELHM QEPMHEQMQ QE;GHEQHJ PJKQ;R PMEGPLENNH GEHHPEJP;EO;H PELHNEOMQ ;ME;NMEOOO
7"#O JH HKGHG HKGHG G N;EG;HEPN; GNLELOJEPLM ;EOJGENNLEOPM JE;P;EPJM JNELOLEOLP QE;HGEGG; JOELGPEJJP QGEQ;HEQ;H QEGHPENJL GEPHHEPNM QEJLPELHP QEQONEPPH PQKGPR PQENMHEPLJ LQMENMPEHLQ NEGQOEMP; ;JENGOEHQG
7"#; JH HKGHG HKGHG G NHEQMQEPOM GPME;JHEGLL ;EHMHEPQMENJQ JEJMHEMQM JMEHQPEGLJ QE;;QEQMQ J;EQJME;NN QGEJOHEPHL QEG;JEL;G GEPJNEGON QEOO;E;H; QEQLQEJNJ PGKLPR PHENLQEP;Q MLLEJQPENJ; PEQOLEQJJ ;QEQHMENGN
7"#P JH HKGHG HKGHG G PPEMMLEP;H GPHEQ;JEJMJ OENLQEPLJEQJP JEOJHEJPL JMEQNHE;PL QE;QGE;OM J;EJPOEOOP QQEHL;EM;N QEGQ;EHLL GEPHLEGPG QEOGNEJMP QEQPOELGJ PJKJGR ;NENP;EG;L M;QEOO;E;HP ;ELOLEM;J OLEJNGEPLQ
7"#N JH HKGHG HKGHG G ;MEOJ;EQJP GO;ELQMEGLO OEQHOENPJEP;Q JEGJHEMJN JPEG;PEGGG QE;MQEHOP JJEQP;E;PJ QHEMPLEHQH QEGGNEG;M GE;O;ENPL QEOOLEL;Q QEQ;MEJL; PJKNHR ;JEQN;EQLG N;OEHQMEMNH ;EHLJEN;Q OOEMN;EQPN
7"#M JH HKGHG HKGHG G ;OEN;JENOM GJPE;;HEPMG JEL;MEJ;QELMH QEMQHE;GM JQEGM;EPQO QEQJ;ENO; QLELGQEMNN GMEOHHEP;Q GEMMHEJQH GEOHOE;GO QEGONENNM QEHHMEPQG PQKOHR OLEMPQEQNP NHLEQJ;EJOL OENJJEJMM OQEOQMEPNL
7"#L JH HKGHG HKGHG G OQEQ;NEPGL GHPEOHLEMN; JEH;;EJJ;EQOM QEQPGEOLP QPEPMGENGG GEL;PELNH QOENMJEJQM G;E;POELQQ GEPHMEQ;Q GEGPLEOJM GEM;NEMOG GENGPEGGN PJKGLR JLENQLEJ;L ;;LEPMLEHG; JE;QOE;JG JJEPG;EJM;
7"#GH JH HKGHG HKGHG G ;HEQQJEJJO GQJENNLEOLJ JEPQOEPMQE;HM QELPQEMQO JOEGGQEL;M QEJHQEJ;P JGEPHQEOJG QHEG;HEPPP GELJLEJQN GEO;OEGQP QEQHNEGJJ QEHPOE;PQ PJKMMR OPE;LLEHJG PPLEQP;EJMN OEGQQEQ;; JLEMGLEGJL
7"#GG JH HKGHG HKGHG G ;HELJOE;GH GQ;ENHJEQLL JEPMQENGMEHOH QEP;JEHHP JGEQMNEQ;P QEQQMELQQ QLEH;HEQML GNEOQHEPOM GEM;OELQH GEJPHELLH QEGJJEGQ; GELMHEGGQ PHKNLR ONEOHMEH;; PNNEMP;EQJO OEGGGEHNP OHEJOJEQ;H
7"#GQ JH HKGHG HKGHG G ;HEQ;QELOQ GQ;ENJQEQN; JEPJJEGPNELPM QEPO;ENGO JHEOJQEMHO QEGLMEH;; QMEQLGELLN GNEPHGENMQ GEMGMEMLL GEJJ;EGNH QEHLPEP;J GELOQEP;G PJKJMR OPEOQPEHQG P;OEGLMEJOG OEQN;EPMM JLEJONEQ;G
7"#GJ JH HKGHG HKGHG G JMEM;PENQN LQEPONEN;H QEMHMEP;OEPGP GELQGEQGM QGEQQMENQM GEJLNEGMJ GLENHGEOMG GGELLLEQJG GEGMLEOQ; LGJEHJN GEJOOEJL; GEQPPEGM; PQKQJR JQE;LLEGGM OMOEOMOENHL JEPN;EGPQ QMEH;HEGGH
7"#GO JH HKGHG HKGHG G JJEPLOE;QN MOEPP;EHGG QEOJPEG;;EPQH GENPHEHHL QHEO;OEQMH GEON;ELML GLEHQ;EGMM GGEPGQEG;P GEQQOENP; MLMEHHL GEOHLEQNP GEJHNE;LO PQKGHR JGEJPNEMQJ OOGE;QNEPOH QEMPQEJOH QPEPOHEJ;Q
7"#G; JH HKGHG HKGHG G QLEQHPEJ;; N;EJHQEHHQ QEGGGELLOEJNP GEPOQE;NO GLEOOPEJO; GEOQQEPNH GMEHLOELH; GGEOGOEQHM GEGNGEG;G M;NEQMN GEJ;QEOJN GEQOMEPOQ PJKMGR QME;OOEMJQ JLOEMHGE;JQ QEJJJEGJJ QOEHNHELQO
7"#GP JH HKGHG HKGHG G QNENHMEPJQ NQEMQQE;GG QEHHOEQGNEJOH GELJJEQQH QJE;OHELQL GEMG;EGOH QQEHJOENJP GJEL;NEHLQ GEONQEPOM GEHQPEP;L GENQQEJH; GE;NQEMMH PJKGGR QMEMMJEQLH JMMEQJLEOMJ QEHQ;EJLN QOEQQ;EPPN
7"#GN JH HKGHG HKGHG G Q;EGGQEJP; NQEP;GENGM GEMGPEPL;EOPM GENPGEOGQ QQEQHHEHQM GELGOEHNO QHEMNPENJJ GJEHJMEM;O GE;HLEMNO GEHHNE;ON GEMHGEHLM GEPGLE;GM PQK;MR QLEGQHEQH; J;NEMOOEM;Q GEMGQEMLQ QJEMJOEONH
7"#GM JH HKGHG HKGHG G JHEQHNEHPO NQEQPJEGO; QEGMGEGJPEQHM GE;LNENNP GMEHOGEGPN GEGMOEPGN GPEPPPEHPG GHEJQNEJLO GEHH;EPGM NP;ENOJ GEGJMELHN GEHNHEHGG PJKHGR QPEQH;EMMJ JMMEOQQEQP; QEPOGELMG QQE;G;E;OH
7"#GL JH HKGHG HKGHG G GPE;HMEPGH ;QENPGEJJH GEGNGEMPNEMNP GEO;GEMMJ GME;QLE;P; GENMQEPOJ GNEGGJEHGL GHEP;;ELMP GEJJJE;MJ NLNE;OO GEPPOEQLH GEOOQENOH PQKHQR QGELG;EJLO QOHEMGLELHQ GEHPPEHNH GNEHNPEMGH
7"#QH JH HKGHG HKGHG G QQELLNEGL; ;NEPNNEQMH GEPPJEJJ;EHNQ GEJLQE;LG GNEGMPENQ; GEQPHEH;L GPEHNJEJHG LENOQEPGN GEH;QEHMO NPPEGNN GEQHMENO; GEGQGEJJG PGKQ;R QQELNMEMGQ JQJEGQHELNP GEPN;EOLP GLEPPQEGQG
7"#QG JH HKGHG HKGHG G GJEO;QENMQ JQELMGE;GQ LNHEGO;EGQH MHGEN;; LEQLGEGGG P;HEN;N ME;;PEOOO ;EJMGEPGQ ;O;EP;L OHGEH;J PQOEJNN ;MQEGQG PJKPJR GQEGGPEPLH GNOE;OOEOJJ GEGNJEQQN GHEQM;EJPM
7"#QQ JH HKGHG HKGHG G GHELHPEQMM JQEGNNEHOH NMLEQ;QEJMM MONE;NL GGEGJNEPLO L;MEPMP GHEOLMEPMM PEPOOEPOQ NPOEQOQ ;GOEGL; LHOE;LG MGMENHQ PJKGOR GJE;PQEQHJ GPOE;N;EPHM NHMEMGH GGEG;NE;LG
7"#S JH HKGHG HKGHG G QPEGMJEGMN GJ;EHNGEOMG GEMLQEN;GELQM GEQHGELPO GJEGMLEMMQ GEMJPEGOP GQEQOPE;QG NEJPQENJH GEGJMEPOM OLJEHMJ GEPJLEM;H GEQOLEMOJ PGKQQR OPEOQHEHOO JJQEQHNEQGM QEQPQEOLH QLEJLHEMQ;
7"#T JH HKGHG HKGHG G QELGLEO;Q GOEHPGEPPN QGGEHOJE;LP GPOEQQL GE;PPEPMQ GP;EHOQ GEJJGEHOJ M;OEMLL LLEO;L OPEQJO GOGEGMN GHMEH;O POKHLR OEPGQENQP JNENHJE;OP QJGEHOG QEMHHEN;O
7"#( JH HKGHG HKGHG G GEQJ;EMHH GPEOOL MNEP;JE;OH QMGEGOP QEJQJEH;G NLJ QE;GMENOP PEN;; NGH PLM NPJ N;O HK;HR ;EM;; GJEQJOEGPL JOENQP ;EJMQ
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7"#G JH HKGHG HKGHG G NHELN;EOOM QGGEQPJEMHP ;EGJJEHMHEMMH JEPOMEMPQ OQELNQE;PM JENMMEGOG JLEMNHEOQ; QOEPJGELHP QEL;MENHO GELJNEQOL JE;PGEM;N JEGNQELOG PQK;GR NLEJNHELHQ LJLELNQEPNQ ;EMJHEMNO POENN;EOMH
7"#Q JH HKGHG HKGHG G MQEPPHEPNJ QQPEONPEGGJ ;ELNNE;NHEHNP OEGOPEJHQ ONEMJHEQQM JEPNME;MP OOEJPNEQHO QNEMQJEHQL JEHNHENGN QEQJGEHJL JE;GNELHN JEQNGEMON PJK;LR MQEMGLEJLN GEHNJEHNLE;LP NEQH;EMMN NHEJJOEJGM
7"#J JH HKGHG HKGHG G PLEGJMEQMO GMNENQPEOMJ OELLLEJOJEHHM JEQOPENMH JPEP;JEPNN QENL;ENQO JJEMOOEG;N QHELLLENQN QEJJHEHMH GEPLPEPJO QEPNGEGLQ QEOMJEPQP PJKQPR PMEGHLEGQJ MMMENPOELLG PEHLHEG;H ;NELMJENLQ
7"#O JH HKGHG HKGHG G PPEHMLEOGM GNLEM;PENH; OENNMEGNNEQHM JEHQMEQJQ JJEGLOEMQQ QEOLME;OP JHE;PPEPLH GMEPGPEPPP QEHMGEPPO GE;GLEOGQ QEJMME;LM QEQQOEHJQ PQKGMR PQENQHEHMQ MGMEH;;EQGM PEQNLEMLH ;JEG;JELOQ
7"#; JH HKGHG HKGHG G PQEHHNEH;L GPMEOOLEQOG OEOMJEP;;EP;Q QEL;;ENPG JJEOLQEMHH QE;;HEQNJ JGEHOGEJQH GMEMQGEMLQ QEGQLEJQO GE;;OEQQJ QEOJNENOO QEQPME;JL PGKLMR PHENJPEO;M NLOEHPQENOP ;E;GHENOO ;GEPNPENMG
7"#P JH HKGHG HKGHG G ;MEQOHENNO GPHEGMPEQLM OEQGGEJNLEGMH QEMMNEHOL JQENNNELO; QE;GLEG;G JHEJ;OEMGQ GMEMMPE;GN QEGHHEG;P GE;Q;EPLJ QEOHLEGGN QEQOHEMPG PJKJJR ;NENGQEP;N NOJEOLHEQMJ ;EQG;EGOQ OMEM;JE;Q;
7"#N JH HKGHG HKGHG G ;GEQL;ELML GO;EMJLEPNQ JENHLE;GMEPOH QENGQE;HN JGEOMLEOMO QE;NLEJNG QLEQPQENNQ GMEJ;;EM;P QEHMMEMJN GEO;NEJ;G QEOOHEGON QEQQLEQOG PJKNGR ;JEQGNE;GJ PP;EHNQENQG OEOMMEGNH OOEJ;LELPQ
7"#M JH HKGHG HKGHG G OMEOM;EGHG GJPEOMMENJN JE;HPEGQNEJGQ QEON;E;QM QMEONGEGGL QEQJJENLO QPEO;PEMML GPEQMGEMQN GEM;NELLJ GEJQLE;LJ QEGOHEMPM GELMPEL;H PQKOGR OLEMGPENQL PQME;;GENJO OEGMME;JG OGELNQEJHP
7"#L JH HKGHG HKGHG G JNEJ;OEOPO GHPEJH;EN;; QENHGE;LQEHPH GELMNEMNG QJEP;QELOO GEL;OENLP QGELMMEHLP GJEMHMEGPP GE;MNEJQH GEGHGELHO GEM;HEMGJ GEPL;EJPH PJKQGR JLEPNLEMHQ OL;E;PME;MQ JEGGHEQGM JJEQJNEOMH
7"#GH JH HKGHG HKGHG G OJELGLEJNG GQJENGJEMOJ JEGNPE;Q;EHMM QEO;LEMJN QLEGQMEGPP QEJHHEQMN QNEHM;E;QP GNEGQLEMLO GELGPEPGM GEJN;EOLH QEQHHEG;O QEHOQEPJG PJKMLR OPE;;QEMQH ;MMEONQEHPP JEPHNEGP; JLEJL;EHJ;
7"#GG JH HKGHG HKGHG G OOELQ;ELJN GQ;EPOGEN;H JEQOLEQGMEMHO QEJQQEGJL QNEPQJEQ;Q QEQQNEHLL Q;EPPPEG;N G;EOHJE;JP GEMJGEMOO GEQMOE;OM QEGQ;ELGJ GEL;NEGHL PHKMHR ONEJPQEJQM ;LMELLPENGL JEPQQEJPH JLELH;EN;G
7"#GQ JH HKGHG HKGHG G OOEOMNE;MQ GQ;EPNLEPJJ JEQGNEQOJELJQ QEJQNEJHM QPELPMEPQQ QEGLPEGP; Q;EHNQEG;H G;EPHLEMJL GENL;EQJH GEQ;LEP;; QEHMLEGJM GELGLEH;H PJKJLR OPEJMQEGO; ;NLELOJENLN JENNMEOJJ JMELHNE;HL
7"#GJ JH HKGHG HKGHG G JOEQNOEQHO LQEPGPEQM; QEONMEGHGEPMO GEPNLEHOL GMEPMNEMPP GEJLPEHJQ GNEJOGEPPN GHE;PMEGQP GEGNPEHMO MPMEGHG GEJOHEQQN GEQ;JEMO; PQKQ;R JQE;NGE;Q; OQNE;MQEJPL JEQOOEQPO QNENPJEHOJ
7"#GO JH HKGHG HKGHG G JHEGHHEOJO MOEPQ;EPHN QEGNPEMQGEL;P GE;PQE;MM GMEQLMEGNJ GEON;EJQQ GNEHQHENPH GHEJLHEN;M GEQGQEG;; M;JELH; GEOH;EOGM GEQLOEON; PQKGGR JGEJONEOPG JLOELOGEPLG QE;;LEHHN QPEOHNEPQJ
7"#G; JH HKGHG HKGHG G QPEGMOENLL N;EQPGEO;P GEMLJELQ;EOQH GEOPQEO;L GNEOJGEJH; GEOQQEG;M GPEQQOELOH GHEQJOEJ;Q GEG;LE;QO MGPE;JH GEJOME;OH GEQJPEGGJ PJKMQR QME;QNEJPG J;OEQNPEOMP QEHLGEJON QJEMNOEPLQ
7"#GP JH HKGHG HKGHG G QOEPMGEJMJ NQENNGEPMM GENM;EPMQEMQM GEP;MEJMM QHEPLPEJOP GEMGJEMGH GLEOHQEQH; GQEGLGELHM GEO;PE;O; LNHEQM; GENGNEHL; GE;;OEOM; PJKGGR QMEMPQEGLG JONEPJQE;LJ GENLMEGNM QOEHGQEQHM
7"#GN JH HKGHG HKGHG G QQENJNELHN NQEPGPEMJQ GEPO;EQPOENQH GE;MLEHMJ QHEGPHELP; GELGJEOQ; GMELPNEGHN GGEMJMEHOO GEOLQEQHL LONEHJQ GENL;EQPG GE;LMEMMJ PQKPHR QLEGHQENNN JQOE;NGEQPL GEPJLE;;Q QJE;LMENML
7"#GM JH HKGHG HKGHG G QPEPGNELGO NQEQOGEMLN GELQOEMHJEL;Q GEJNHEHMO G;EPMQEGOG GEGMOEQNM GOE;N;EHJ; LEHJLE;LJ LLNEGOH NJJENOL GEGJPEJGG GEHPGENHP PJKHJR QPEGLOEMP; JOQE;MLEOQN QEJ;OEHQQ QQEJ;NENNM
7"#GL JH HKGHG HKGHG G GOE;LQEGLQ ;QENJNEOPL GEH;PEQQ;EJNP GEQ;JEOQJ GPEJNQEPQN GENMQEQ;L G;EOLJEO;O LEPGJEOJO GEJGJELQO NJNEOJJ GEP;MENHG GEOGMENHO PQKHQR QGELHJEPGH QGNEJHGEQHQ L;PEPQJ GPEMP;E;J;
7"#QH JH HKGHG HKGHG G QHEPGHEQMO ;NEPPGEL;J GEOLGEHOOE;MM GEQOHEJNO G;EOGLEGLN GEQ;LEMLQ GOEOJNELQP MEN;;EJ;M GEHOQEMJ; NQLEHOQ GEQH;ELML GEGGGEJNG PGKQPR QQELPLEHPP QLHEHL;EQ;N GEOLLEMHP GLE;GJE;QJ
7"#QG JH HKGHG HKGHG G GGEMOQEOQL JQELPMENPL M;PEOLPEGQM NHGENON MEQH;EPML P;HENGP NEPQ;EQON OEMHHEHLM ;OHEMLL JMGELON PQQELM; ;NNEQH; PJKP;R GQEGHLE;QO G;OEHNHEPNJ GEHJNEGNG GHEQHGENJG
7"#QQ JH HKGHG HKGHG G LEMMMEOJJ JQEG;JELPJ NG;ENOQEONP NPGEJNH GHEGOHEHPG L;MEJON LE;;PEHN; PEHO;E;;H N;;EPH; OMJEQOH LHGELQH MHLEHGN PJKGPR GJE;;QEOMQ GOLEOP;E;OM POHEH;J GGEHOLEGGO
7"#S JH HKGHG HKGHG G QOENQNEGMG GJ;EHJMEMQH GENMNEPPNELHM GEGQOEMLO GQEOHHEOPP GEMJPEON; GGE;GLE;HN PELJGEJMQ GEGGNEJOM OOQEOOQ GEPJJEMON GEQGMEGJP PGKQOR OPEOJHEJLN JGJEPONENLJ QEGOJEMQH QMELHJEOQQ
7"#T JH HKGHG HKGHG G QEOJMEJOQ GOEHQLEO;O GNPEJGGENPO GGLEQLN GEQHQEJHO GPOE;GJ GEHNGEO;J PMMEPPG LNEOO; OGE;GP GOHEOQH GH;EJLQ POKGGR OEPHLEJJM JGE;JQEMH; GLMEOPQ QENO;EJHJ
7"#( JH HKGHG HKGHG G JQEQPL G;EJNM QEJNMEO;Q PEQHO ;;EGH; NHG ;LEOQH LL P;P PJQ PMN PNN HKGOR ;EQOL OGLELNO MH; OEMOG
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Supplementary Table 2. Bisulfite-seq sample details (cont.)
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OPEOLHEMQ; NNEJHHEPPL NQENN;E;MM HKPMR NJOEPQG ;ENMQEGHN ;MGEGPP ;MOEQGL GGJEHPG NG;EQ;L PJMEG;N LKGLR ;NHEQJP NENOJEHNG JGNELGP O;LEOJP JQNEHQN ;;PEGNG OMMEQNH OKPLR LMKLHR
;JE;PGEOMH MGEGM;EHMP NNELLPEGMM HKN;R PLME;MJ ;EMGJELN; P;JEJJL ;NHEHQH GJJEJQP PMQELOQ PQ;ENNN LKO;R ;NMEHNG MEN;PELMH JPPEGJJ OMJEOLL JPPELNJ ;PPENPQ ;GQE;QJ OKPQR LMKMGR
OOEQPQEQ;J PPEM;QEJG; POEQNJENHJ HKNNR ;;NEPOL OEPOJEQHP OLGEOOO O;;EJGG GHNEO;M ;O;EO;; ;HHEJH; LKHHR ONPEHLO NEGNGEQON QMLELQL JLLEQGO JHJELG; OPNEGQN OQJEQOM OKO;R LMKNLR
OHEJLNE;PN PGE;GQEQQH ;LEGHHE;JO HKMPR ;GOEOJN OEJJJEOML OPPEQLO OGLEQPP LLEPGP ;HQELOP OPGEHQO LKHHR O;LE;G; NEGGJEGOP QMHEQHH JMOELNP QLQENQ; O;HEON; OHMELMN OKOGR LMKPNR
JLEOMHEMPH ;LE;PJEHHQ ;NEQPQEOOM HKNMR OLLEGL; OEGQGELPM OQNENLL OHNEPJP L;EQMG OMMEJGH OOMEHMO LKHGR OQQEMJH PEJJMEJGG Q;GEOLL J;OEMLH QPLEOJP OGOEPPQ JNPEGNJ OKO;R LMKNNR
JNEHJOEGLJ ;PE;LLEJJN ;OEJJPEJLL HKNMR OMNEPNJ OEQG;EMQQ OLLEGJM JLMEHQN LJELPH ONNEQLH OJNEP;J LKOJR OGNEGPP PEJM;EJH; QNLEHJH JOMEHGN QPJEJJJ OHMEMLH JPLEN;Q OKPOR LMKNNR
JJEGQ;EPHP ;GEMOOELPO OLEJQNEHQO HKNOR ON;EOG; JEMNPEPPL OOPE;PN JMJEPJN MPE;HJ OPQE;NG OGNEOLM GHKHNR JMGELHG ;EOPJEOL; QONEQGP JGQEPPO QJGEM;; JNQEL;L JJQEQJO OKLNR LMKMGR
JGEOQJEMLM OMEMPME;NL OPENNLEJLP HKN;R OJHEL;O JEOLOEQMO JPLEOPO J;HEPPH NMEOJM OQQEGMN JMPEGJO LKQJR J;HEPNO ;EHPOEPHP QGHELGO QLQEOJP QGMEHMG JOOEGJO JGHEHNM OK;PR LMKMQR
QOEMOMELQN JMEPN;ENNP JPELGNEQQM HKPLR J;OEGM; QEMNGEJNL JQJEMHM QMPEQJG PQEPHP JOOEPOL JGQEO;P LKLOR QMHEQPH OEHHMEJLH GN;E;PQ QJHEOQO GNGEHPN QNJENGP QOOEOGG OKMJR LMKMMR
QLEN;JEJMP O;E;NQEHLH OJEPPNEOGL HKPLR OGJEMMQ JE;N;E;QG OP;EQQQ JJNEOOG NLEJOL OHOE;GO JPLEP;P GHKGHR JQLEHJP OELLGEPQG QOPEONJ QNQEMQN QHOEJOH JQGELHO QMLEQGL ;KHOR LMKLGR
QLELNMEJPQ OPEJP;EPOP OOEJ;NEMNN HKPNR OGNEOMJ JEOHOENGG JPGEOH; JJLEJPG NPE;LO OHMEGGM JNQEHOL LKJNR JQNE;OG OEMHGE;LH GLJELMO QNGEQ;N QHQE;NN JQHE;;J QMNENG; OK;LR LMKLGR
QLEHPHEGOM O;EJMLEMGO OJEJNQEONG HKNQR OHMEOPQ JEQMNEMNM J;MENOO JJHEHGG NQENPM JLMENHM JPQEONO LKPOR JJGEOMH OENHHEHGP QHHEHMH QNQEMHJ QHQEJHG JQOEHLO QMLENGH OKMQR LMKMOR
QGEQHQEOMJ JQEHHOE;G; JHEMQQEHON HKMPR QPNELHN QEQGQEMHO QJJEQHH QGMEMNJ ;GE;MN QPQEJGO QOGEOG; LKGNR QJNEO;M JE;NMEOJP GOQEONP GLLENQL G;GENHM QJQEMM; QGGEMGQ OKO;R LMKPMR
GLEPNQEPHN JHEPNMEJGH QLEJQMEL;O HKNQR QNPEGJN QEQQJE;GO QJPEQO; QQOEHGL OLEJOL QPLEMJL QO;EPMP LKOPR QQQELLG JEG;;ELHJ GJQENNN GMJEMOL GJPEJMJ QGMEJML GL;EJLO OKNHR LMKM;R
GNEPMGEQJ; QNEMGMEJOO QPEOLPENHQ HKPPR Q;PENLO QEHNGE;MG QJQEQML QHNEHLG O;EL;Q Q;HEHMQ QQPEHJN LKMJR QHJEHLL QEMGGEHGG GQPEQJH GP;EPJL GQGEMQP GLMEQPP GNPEHJG OKLHR LMKLOR
GNEOONEQMP QMEHJLEQ;M QPE;JJEQMO HK;PR QLHEOMG QEJLOEPMJ JQHEOQJ QJOEPJJ ;HEMHO QMQEPHH Q;JEOJG GGKOQR QH;ENMM QEMHNEGLM G;LEPHH GPPEHGJ GGMELPQ QHHEOPG GNPEJGO ;KN;R LLKHPR
GPEOGGEQ;L QMEG;NEOHH QPEJ;GEMJH HK;;R JGHEM;N QEJP;E;ML QMGELOG QOPEPMG O;ELNN JHGENHP QPNEQGM GGKHJR QGQEJMH QEPGJEHPN GJMEGOM GPPELG; GGOENNH QHPEQMH GNNEJLL ;KMQR LLKHLR
GPEL;;ELNH Q;ENH;EGPM QOENJJEHMO HKNNR QQGEGPH GELGHEHMG QQJEMLG GMHEMLH OQEPPM QGPEOO; GLLEGHM LK;MR GMPEQHQ QEL;HEL;; GQOEJPG G;PEGJO GGMEPJM GMQEO;M GP;EOHJ OK;PR LMKMHR
GHENMPEPHH QHELLOEOOM GLEHO;EPJL HKONR QPLEPON GELM;EGHL QPHEQQ; QHMEQGO JQENGG QPHEPJG QQJEHQH GQKJ;R GPOELPN GEMJGENJQ GHPE;HL GQQEHOJ N;E;PQ G;MEMOL GJHEQLM PKPHR LLKQGR
GOE;NLEHN; QQE;GHENOO QGE;OGEGQL HK;NR QGQEPM; GEN;QEGPG QH;EONG GNJEJL; JMEL;M QHMEGJN GMLEMJG GHKJGR G;JEJJH QEGNMEMMM GHGEHQN GQPEPJO LJENLQ GOLELMM GJOEHOM ;KGLR LLKH;R
NE;MNEL;N GGEMQLEHL; GGEQLGEHLH HKNOR GGJEPPL GEHGLEOLL GJNEMPP LQEO;N QGEMJM GGHELQP GHGEHQO GHKLQR MLEJQN GEOPJEJ;J NNEHLH NJE;MJ ;OEMLL MNEQJM NMEGJM ;KJGR LMKMQR
NEPPPE;MJ GJEGGJEHJM GQEQMMELG; HKONR GOLELQL GEGOGELPN GOGEHGL GGLENON QQE;OQ GO;E;GM GQLEOPN GGKPHR LJELJH GEGJOE;OJ POEPOH NJE;GG ;HEHJL LHEMMJ NNELNG PKQMR LLKQGR
GQENMGEGQJ OJEQQPEP;M JOEQQLENQN HKNPR OLME;NQ JEGQ;ELMH GPMEOQM JPQEHPM QQE;HO ONMELNQ JPMEN;G ;KPHR JPHE;JM QENQJEQML MQENPM QJPE;HN GHLEJHG JOOE;J; Q;GENQP JKOGR LMKNLR
GEQPPENJH OEH;NEHLG JEGPQEPGQ HKNJR ;GEJJH OJOEG;M PQEJLN JPELPH OE;NO OMEQPQ JPENNG PKNNR JOE;L; OJ;EJ;; QPEGJJ QQEP;Q GGEOML JQENOG QOEJ;L OKGPR LMKL;R

;EJQO ;ENQP ;EPNH HKQLR NQ QQEHGO OQ PQ OM NG PP HKJOR PH GQLEGOG QHH ;J ;J PH PH HKG;R LLK;HR

PHJEO;PEOGJ LPNEMPJE;PN LG;ELLGEQMM MELGGENHN NQEH;MEGJ; NELONENM; NEGPPEMOM GE;QMEOQO MEPMMEJMG NEMGJEHQP NEHMLEOHL GHHEQQGE;HM OEJOHEPL; ;ENN;EP;Q OEQGHELLL PELQOEOQH PEGJGEQGJ
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OJEMJQEHNJ NNEHLMELMP NQEHOPELNQ HKPNR N;LEJGM ;E;MOENLO ;JHELLP PHQEJJH LPEHJH NJLE;LN P;PEJLQ MKMNR ;NPENPQ PEMNME;GO QMPEONO OPHEHLH JGOEOQO ;PGELGN OMMEOHQ OKPMR LMKLHR
;HELGOEOHQ MGEHHNEQLM NNEOJ;ENQJ HKN;R NQOEPQH ;EPOOEOHQ ;NJEPHQ ;LHEQMN GG;EPHP NHMEPMQ PONEHLP LKGQR ;MOEJ;G NEPMQEH;H JQHEJLH OMOENLO J;;EQNP ;NQEOHG ;GJEQPQ OKPQR LMKMQR
OQEGGHEOGN PPENG;E;NQ PJEMQ;EMOM HKNPR ;NLEOHM OE;JJEJOL OJMEQOL ONQE;HJ LJEOGH ;PPELGG ;GMEQHO MKP;R OMGEGJJ PEJNQEOPN Q;JE;PN OHHEHPN QLOEOQ; ONGEP;H OQJEMOO OKOJR LMKNLR
JMEOGLEHJO PGEJMGEJGH ;MEPNLEQGL HKM;R ;JOEHMN OEGMNEONL OGQELNL OJOEQMP MPE;;L ;QQEJGG ONPELOQ MKPNR OPJEL;G PEGMJEHQG QO;EOQL JM;EJHJ QMJEHJG O;OEOQJ OHLEHNG OKJLR LMKPNR
JNE;PLEOOG ;LEOOHEQGP ;PEMPQEMJJ HKNNR ;GNEM;J OEHJHEHGM JMPE;PM OQQEQQL MQE;GN ;HPENMJ OPJEQJG MKPPR OQNEO;P ;EP;GEM;G QQOEGGN J;;ENLQ QPGEGOL OGMEMPG JNPEMPH OKOJR LMKNMR
J;EGLQEHJ; ;PEONMELQP ;JELOHEOJH HKNMR ;HPEJOL JEL;NEGOL OH;EMON OGQE;HO MGEP;M OL;EPMJ O;QENG; LKGQR OQGENPL ;E;GMEJNL QJQEPPJ JOMEM;Q Q;;EHON OGJEHOH JNHEQGO OKPJR LMKNNR
JGEJM;EGNP ;GENHMEGOO OMEMLLEHHQ HKNOR OLGENPH JENPLEQGO OHQEP;M JL;ELOJ NOEOGL ONMEPJG OQLELOP LKNJR JM;EMLN OEM;;E;JH QGLEHOL JGQEMGO QQJEJJ; JNPEOJ; JJQEGLG OKL;R LMKMGR
QLEMHNEM;M OMENPNEHJO OPEOQOEHHP HKN;R OONE;MJ JEOJMEHNM JJMEOHL JPJE;OP PNELOH OJMEPJM JLLEJLO MKLGR J;OE;QO OE;JHELNH GMMEQHH QLJEHPN QGHEPJM JONE;PG JGHEO;O OK;JR LMKMQR
QJE;O;EQPO JME;NMENGG JPEPGNEQHG HKPLR JPPE;JL QENLMEQJO QLGEMPN QL;ENNH ;JELGG J;PELML JQQEOOH LKPHR QMJEHHP JE;PQEGPL G;OEJLO QJHEPMJ GPOEMO; QNPEGJN QOOEJNM OKMJR LMKMLR
QMEQQ;EMP; O;EONHEOLM OJEJJNEGGM HKPMR OQLEHHM JEJJJEJMN JPHEJHG JOMELGL PMEQJL OGLEOHJ JMGELGO LKNOR JJJEQQH OEQQJEMPH GLOENQP QNJEN;J GLNEPGH JQ;EN;P QMLELLO ;KHGR LMKLGR
QMEOQMELQM OPEQPHELOL OOEHGJEGON HKPNR OJQEQ;H JEJQGEQMG JQMEMMJ J;HE;PL P;EN;P OQQE;NP JMJENHG LKHOR JJGEQHO OEQQOEPHJ GNJEJQ; QNGEMNQ GL;EMQL JQJEMJJ QMMEGPH OK;NR LMKLQR
QNE;JPEHNM O;EQMPEQLO OJEHQOE;JJ HKNGR OQJEJLJ JEQQOEG;H JQPEQLL JOGE;LQ PQENMG OGJEOPJ JNOEJJL LKQLR JJ;EOOM OEQGJENHO GMHEQOL QNJEPHP GL;EQ;G JQNEPPN QLHEJOJ OKMGR LMKM;R
QHEGNPEQGQ JGELOQEMO; JHEPGJEMQQ HKM;R QNMENQG QEGNOEJMM QGJEHLO QQNEJHQ OOEN;G QNQEL;P Q;HEQLO MKMOR QJLEPPO JEGMGEL;Q GQPE;;P GLLENJL GOPE;JN QJOEMPJ QGGENL; OKOJR LMKPMR
GMENNPE;JJ JHEPQOEPPG QLEGJ;ENPL HKNGR QMOENL; QEGMQE;NL QGNELLH QJHEMGQ OQEMNG QNMEJPH Q;QEPQ; LKG;R QQOENHH QEMJNEQLQ GGLEJ;Q GMJEMOP GJGELHG QGLELGH GL;EGPH OKPMR LMKMPR
GPEMLMEHOG QNENPNE;PO QPEJQQE;;N HKPPR QPOEQPG QEHQJEPPL QGQELON QGQEMPN JLEMQH Q;NEJMM QJGELNJ LK;JR QHOEOMG QE;JQEOQQ GGQEMLN GP;E;PO GGNEMGJ GLLEOG; GN;EPLJ OKMNR LMKL;R
GPEPG;EGNN QNELMQEQP; QPEJJJEMNJ HK;PR QLMEJLH QEQM;EQM; QN;E;O; QOHEOJJ OJEMNP QLHEOGM Q;LE;QO GGKHLR QHNEHMO QEONJEQ;J GQLEOOG GP;ENJQ GGOEOPJ QHGE;PO GN;EMGQ ;KNQR LLKHPR
G;E;JNEQ;H QMEHLPEJQH QPEGQOEJGQ HK;;R JGMELHO QEJGPEP;N QPHELMQ Q;QEJQP JMELGG JHLE;NJ QNJEG;M GHKNGR QGOE;;G QEJPQEGOM GQPEHOG GPNEG;O GGHEJNN QHMEQQH GNNEJ;M ;KMQR LLKHLR
GPEQNJEL;M Q;EPNGEQNJ QOEPHNEJ;; HKNNR QQME;;P GENLQEHLO GMOEO;L GMPEPJQ JNEOHP QQJENOH QH;EJ;O LKQPR GMNEQ;L QEONNEHHQ GHJEHMQ G;PEHGJ GG;EHM; GMJEJNG GP;EH;J OKPHR LMKNLR
GHEHMMEML; QHELJLEQ;; GMEMGQEMGL HKONR QN;EJQ; GELHMEOQH QJ;EQML QGQEHPH QNEHQH QPPEGLL QQPEQ;L GQKH;R GPPELJG GE;LNEM;J LPENHG GQQEQGM NGELPH GPHE;PP GJHEG;Q PKP;R LLKQGR
GJELOOEMHH QQEONMEHGL QGEOG;EQOM HK;NR QGMEL;M GEPLJEQO; GMQEHPO GNMEJOL JJEMQ; QGOEJQG GLOEMOQ LKLJR G;OEMQN GELONEPNO LGEHQ; GQPELMH LHELGP G;GEJQQ GJOEQOG ;KQHR LLKHPR
NEQ;PELGM GGEMHNEOM; GGEQGLEMPQ HKNOR GGNEHPM LOJELHJ GG;EQJL L;EGQN GMEMNJ GGOEQP; GHJENPG GHK;OR MLEM;L GEGLOEPPL PGEQQM NJEOJL ;JEHMM MNEPOP NNELHM ;KQ;R LMKMQR
NEQOLEGLP GJEHMJEJHM GQEGMOEHJQ HKONR G;JE;QH GEGGLELJL GJGE;OG GQQEJMQ GLEGHM GOLEHPP GJQEQQO GGKQNR L;EHGM GEHGLELQN ;LEQLO NJENMG OMEHJG LGEMG; NMEGHL PKQPR LLKQQR
GGE;JNENH; OJEGJLEMOO JJE;GGE;GP HKNPR ;GHEGMH JEGGPEJOM GPHEOML JPLEHNG GPEGPH OLHEGQ; JNJEG;; ;KOLR JPOEOQJ QE;MQEGJM NMELHL QJ;EPLO GHHEQPL JOMEHQJ QOLEPJQ JKOGR LMKNLR
GEGOHEMPQ OEHJMEG;N JEHM;ENN; HKNJR ;QEHNL J;QEG;P JGEOPP JNEQLP JE;;G OMELNM JPEMMN PK;LR JOE;JO QM;EPNO GJENGH QQEGM; GHEJMJ JQEPPO QJEPLN OKGPR LMKMLR

OE;NJ ;EGGQ ;EHJO HKQGR JN ;NP J QO M JJ JH GKQQR J; JEJQJ J JQ JG JO JJ HKHLR LLKPOR

;NQEOPQEGGM LP;ENPOELJO LHMEONQELNQ LEQGQELQ; PLENJHEQGM NEHGNENPJ NEJL;EGJ; GEJGOELLM MELM;EH;P MEHOPEJNH NEGPQEH;Q MMEJMLEGQQ JENLHEMGL ;ENMJEHJM OEHPGEPMJ PELMLEHPH PEGJGENMJ

Supplementary Table 2. Bisulfite-seq sample details (cont.)

Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



Nature Genetics: doi:10.1038/ng.969



OTB.14838 is outlined

Nature Genetics: doi:10.1038/ng.969



 

HOMER Results: 
 
Methylation-Prone CGI 
promoters (MP-CGIs) 
 
vs. 
 
Methylation-Resistant CGI 
promoters (MR-CGIs)  

Supplementary Figure 13
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Supplementary Figure 13: HOMER
results for MP CGI promoters
vs. MR CGI promoters
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HOMER Results: 
 
Methylation-Resistant CGI 
promoters (MR-CGIs) 
 
vs. 
 
Methylation-Prone CGI 
promoters (MP-CGIs) 
  

Supplementary Figure 14
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Supplementary Figure 14: HOMER
results for MR CGI promoters
vs. MP CGI promoters
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HOMER Results: 
 
Methylation Loss elements 
(ML) 
 
vs. 
 
Methylation-Resistant 
elements (MR) 
  

Supplementary Figure 15
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Supplementary Figure 15: HOMER
results for ML CGI promoters
vs. MR CGI promoters
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Methylation patterns around 
prostate cancer Long-Range 
Epigenetic Silencing (LRES) 
domains from Coolen, et. al. 
201012
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