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`*74!%5/%!"#"%7*+4+:"!%04+/6%90"7%4%9"*032/!/04+:"!%?/5:20//%0/9/0/!,/
N"0*86<-%/+%4.$@ 4",5/)'4?0%&'&(

DJDHKHLC/T/KJ1UVH/W/ECDCFV1/XJLVJDF2//

V:0/,+%,"7?40:6"!%"9%?40/!+4.%2/!"7/6%+"%+>/:0%"996?0:!2%3R%VE^6%

D8B/,+:#/6%1
! K>0"7"6"7/6%9*..-%466/78./5%4!5%?>46/5
! K"!6+0*,+%4%>:2>3A*4.:+-%>*74!%?/5:20//%0/6"*0,/%
! W+*5-%:!+/02/!/04+:"!4.%+04!67:66:"!



G.S4+/5-/+*Y*/S.<4<8*+/34<-,/>3*S/4/>*.3R@-+-34<8*+/;-58@3--/3->-3-+)-
K*3.9,Z:/-</4?P[ !"#$%&'4;3P/'%'\

DJDHKHLC/T/KJ1UVH/W/ECDCFV1/XJLVJDF2//

! -.*'/,01+.)*/+20+,)0)33)4.03'*0,)*526/)07)0/'('089:-0;<.0/'.03'*0=>?-
! /'0-6,/6364+/.05+.)*/+20+,)0)33)4.03'*0@9?-

:OAS)TS:UVW:)I))+3%(+'%)0X.)YDA5)-K%)&>3>)?4*+*;>&51)8%()'%&%(+*;>&)
-!Z[./\1)

! CF#X):D])-5;&',%)&47,%>*;K%)3+(;+&*1
! C#F)&>&N*+&K%?)(%8%+*);&K%,5
! \X#2)K%)&>3>);&K%,5)L(>?)*+&K%?)(%8%+*5
! F#F)7%&*(>?%(;7)YDA5
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6@(5>?;@(#=@8?=7



B/.H-5Q2/=5458+QM,,:7-=/

K"7?./L%2/!/+:,%#40:4+:"!%:!%!/40.-%,"7?./+/%>*74!%2/!"7/6
_"265"!%/+%4.$%4",5/)%4*2%&'&(%OYP%4*+>"06Q

O=P%7*;3%5
^ 7>&5*(47*)+)B4?+&)8+&'%&>?%)(%L%(%&7%)
^ 4&K%(5*+&K)*B%)%H*%&*)>L)7>?8,%H)5*(47*4(+,)3+(;+*;>&
:%M4%&7;&'
^ _+7`;>):%M4%,)JJ)>()T%3;>
^ UV)ODW),;=(+(;%5@)_(>?%*BJOD)T!#F#0)L,>E)7%,,5
^ `;>&+&>@):*(+&KN5%M@)J,,4?;&+

T%54,*5
^ 5%M4%&7%)>L)\X)K;3%(5%)B4?+&)'%&>?%5)L(>?).Z)8>84,+*;>&)'(>485
^ Na02/)B+8,>*R8%N(%5>,3%K)+55%?=,;%5)-02/)A=8)?%K;+&)7>&*;&4;*R1)
^ *%,>?%(%N*>N*%,>?%(%)-W.W1)L>()2!")>L)*B%)7B(>?>5>?%5
^ 7>?8,%*%,R)+55%?=,%)+&K)3+,;K+*%)0@.F\)B4?+&)7%&*(>?%(%5
^ 2/NL>,K)3+(;+*;>&);&)bN5+*%,,;*%)B;'B%(N>(K%()(%8%+*)+((+R),%&'*B
^ EB>,%N'%&>?%);&L%(%&7%)*>)+)?%K;+&)M4+,;*R)3+,4%)c])d)FX



B/.H-5Q2/=5458+QM,,:7-=/

K"7?./L%2/!/+:,%#40:4+:"!%:!%!/40.-%,"7?./+/%>*74!%2/!"7/6
_"265"!%/+%4.$%4",5/)%4*2%&'&(%OYP%4*+>"06Q



B/.H-5Q2/=5458+QM,,:7-=/

K"7?./L%2/!/+:,%#40:4+:"!%:!%!/40.-%,"7?./+/%>*74!%2/!"7/6
_"265"!%/+%4.$%4",5/)%4*2%&'&(%OYP%4*+>"06Q

).+>"*2>%7"6+%,/!+0"7/0/6%?0/5:,+%4%6:!2./%6:+/%"9%<:!/+",>"0/%4++4,>7/!+
/?:2/!/+:,%4!4.-6:6%6*22/6+6%+>/%?0/6/!,/%"9%+C"%>-?"7/+>-.4+/5%0/2:"!6%9"0%h]%"9%,/!+0"7/0/6
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)5#4!,:!2%."!230/45%!4!"?"0/%2/!"7/%466/78.-%4!5%4,,*04+/%#40:4!+%,4..:!2%9"0%040/%5:6/46/%5/+/,+:"!
E/2:%/+%4.$@ 1)-&0)'2)+)"/#9'9/8$%&'&(

DJDHKHLC/W/NDMVJEDH2CM/LJLC/MV2CJ2C/MCFC1FVHD

G>&*%H*)I
! T+(%)K;5%+5%5)+LL%7*)F//)?;,,;>&)8%>8,%)E>(,KE;K%
! J*);5)%5*;?+*%K)*B+*)Z/")>L)*B%5%)K;5%+5%5)B+3%)+)'%&%*;7)>(;';&
! 988(>H;?+*%,R)X/")>L)(+(%)'%&%*;7)K;5%+5%5)(%?+;&)4&K;+'&>5%K
! &>*)5>,%,R)K4%)*>);&7>?8,%*%)4&K%(5*+&K;&')>L)'%&%)L4&7*;>&5)>()8B%&>*R8%5)
! =4*)+,5>)8+(*,R)K4%)*>),;?;*+*;>&5)K4%)*>)5B>(*N(%+K)5%M4%&7;&')-:T:1
T%54,*5)I
! D9_U)8;8%,;&%)I)(+8;K)+55%?=,R)8(>*>7>,)45;&')ODW)5%M4%&7;&'
! Q%&%(+*%5)+55%?=,;%5@)8B+5%K)3+(;+&*5@)+&K)?%*BR,+*;>&)7+,,5
! %&+=,%5)3+(;+&*)K%*%7*;>&);&)*;?%N7(;*;7+,)+88,;7+*;>&5)547B)+5)+74*%)7+(%



)5#4!,:!2%."!230/45%!4!"?"0/%2/!"7/%466/78.-%4!5%4,,*04+/%#40:4!+%,4..:!2%9"0%040/%5:6/46/%5/+/,+:"!
E/2:%/+%4.$@ 1)-&0)'2)+)"/#9'9/8$%&'&(

DJDHKHLC/W/NDMVJEDH2CM/LJLC/MV2CJ2C/MCFC1FVHD

G>&*%H*)I
! T+(%)K;5%+5%5)+LL%7*)F//)?;,,;>&)8%>8,%)E>(,KE;K%
! J*);5)%5*;?+*%K)*B+*)Z/")>L)*B%5%)K;5%+5%5)B+3%)+)'%&%*;7)>(;';&
! 988(>H;?+*%,R)X/")>L)(+(%)'%&%*;7)K;5%+5%5)(%?+;&)4&K;+'&>5%K
! &>*)5>,%,R)K4%)*>);&7>?8,%*%)4&K%(5*+&K;&')>L)'%&%)L4&7*;>&5)>()8B%&>*R8%5)
! =4*)+,5>)8+(*,R)K4%)*>),;?;*+*;>&5)K4%)*>)5B>(*N(%+K)5%M4%&7;&')-:T:1
T%54,*5)I
! D9_U)8;8%,;&%)I)(+8;K)+55%?=,R)8(>*>7>,)45;&')ODW)5%M4%&7;&'
! Q%&%(+*%5)+55%?=,;%5@)8B+5%K)3+(;+&*5@)+&K)?%*BR,+*;>&)7+,,5
! %&+=,%5)3+(;+&*)K%*%7*;>&);&)*;?%N7(;*;7+,)+88,;7+*;>&5)547B)+5)+74*%)7+(%



)5#4!,:!2%."!230/45%!4!"?"0/%2/!"7/%466/78.-%4!5%4,,*04+/%#40:4!+%,4..:!2%9"0%040/%5:6/46/%5/+/,+:"!
E/2:%/+%4.$@ 1)-&0)'2)+)"/#9'9/8$%&'&(

DJDHKHLC/W/NDMVJEDH2CM/LJLC/MV2CJ2C/MCFC1FVHD

1QJ/@-+-/?-+@<]/-^)?.,8Y-?:/)4??49?-/9:/7L2

G/2:"!%/L,.*6:#/.-%
,4..48./%8-%_GW



J5Y4+)8+@/?*+@R3-45/+4+*;*3-/@-+*S-/4,,-S9?:/4+5/4)).34<-/Y4384+</)4??8+@/>*3/343-/58,-4,-/5-<-)<8*+
D-@8/-</4?P[ (&)*+&',&-&"%./'>-9P/'%'\

DJDHKHLC/W/NDMVJEDH2CM/LJLC/MV2CJ2C/MCFC1FVHD

C^4S;?-/*>/S.?<8;?-/*Y-3?4;;8+@/2L2R*+?:/2X,/Y-3,.,/4/,8+@?-/]4;?*<:;-R3-,*?Y-5/7L2/2X

_GW

WGW



J5Y4+)8+@/?*+@R3-45/+4+*;*3-/@-+*S-/4,,-S9?:/4+5/4)).34<-/Y4384+</)4??8+@/>*3/343-/58,-4,-/5-<-)<8*+
D-@8/-</4?P[ (&)*+&',&-&"%./'>-9P/'%'\

DJDHKHLC/W/NDMVJEDH2CM/LJLC/MV2CJ2C/MCFC1FVHD

C^4S;?-/*>/S.?<8;?-/*Y-3?4;;8+@/2L2R*+?:/2X,/Y-3,.,/4/,8+@?-/]4;?*<:;-R3-,*?Y-5/7L2/2X

7HDE/LCJM/2C_NCD1VDE//RAP/MVJEDH2V2/HI/KLCXVHN27O/NDMVJEDH2CM/VDMVXVMNJ72/

_GW

WGW
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from Fusberg et al. Nature Methods  (2010)

Detection  of 5mA with strong influence of sequence contexts : requires high coverage 

Feng et al. PLOS Comput Biol 2013

B3>HMA'1DLD>LMA2'AK'GA1MKMD1'123'H3FDF



Electric 
signal

Canonical 
base 
distribution

232ABACD'1DLD>LMA2'AK'GA1MKMD1'123'H3FDF



A16,)/'564076+,/'-6-0+/701*',/'-6-0'30B4<.)0?C)2'670D)<E)56+
?+*4F60).0+2G0!"#$%&''( 0H<20!"!I

J B4<.)0?C)2'670D)<E)56+0KB?DL0M0F6,F05'*;676.C0+/705'*.+26.C0N0D)<E)5640-.)504)22-0F6,F2C0F).)*',)/)'<-0+/70)()*0)('2(6/,
J NO0&26/64+204+*)06-0+05'/<5)/.+204F+22)/,)
!"#$%&'($)
! I5&07).)4.6'/06/0B?D01+.6)/.-0NO0B?D05).FC2'5)0B.2+-0NO0?'7)2-04+1+;2)0'30+44<*+.)2C01*)764.6/,0B?D0-<;.C1)-
! P+167Q0-)/-6.6()0+/701)*-'/+26R)7076+,/'-6-0+/70.*)+.5)/.

232ABACD'E'NILC3ZK3FL'1DLD>LMA2'AK'$7>'PNG32'123'GDLPJI3LMA2



A16,)/'564076+,/'-6-0+/701*',/'-6-0'30B4<.)0?C)2'670D)<E)56+
?+*4F60).0+2G0!"#$%&''( 0H<20!"!I

J B4<.)0?C)2'670D)<E)56+0KB?DL0M0F6,F05'*;676.C0+/705'*.+26.C0N0D)<E)5640-.)504)22-0F6,F2C0F).)*',)/)'<-0+/70)()*0)('2(6/,
J NO0&26/64+204+*)06-0+05'/<5)/.+204F+22)/,)
!"#$%&'($)
! I5&07).)4.6'/06/0B?D01+.6)/.-0NO0B?D05).FC2'5)0B.2+-0NO0?'7)2-04+1+;2)0'30+44<*+.)2C01*)764.6/,0B?D0-<;.C1)-
! P+167Q0-)/-6.6()0+/701)*-'/+26R)7076+,/'-6-0+/70.*)+.5)/.

232ABACD'E'NILC3ZK3FL'1DLD>LMA2'AK'$7>'PNG32'123'GDLPJI3LMA2



E4!"?"0/3846/5%,/..390//%VE)%90427/!+4+:"!%4!5%7/+>-.4+:"!%?0"9:./6%90"7%+>/%,/0/804.%6?:!4.%9.*:5%"9%?4+:/!+6%C:+>%.*!2%
,4!,/0%804:!%7/+46+46/6
K>/!%/+%4.$%*%&2:%63'k*.-%&'&(

M)KTZGDXEV
a _*!2%,4!,/06%1%+>/%>:2>/6+%0:6<%9"0%804:!%7/+46+46:6%OM^[FQ%
a R%(']%"9%E"!3W74..%K/..%_*!2%K4!,/0%OEWK_KQ%?4+:/!+6%C:..%5/#/."?%804:!%7/+46+46:6%5*0:!2%,.:!:,4.%,"*06/
a 3R%%7/5:4!%6*0#:#4.%1%&P%7"!+>6
a !"#"$#%&'()*+,-+.(/, :6%4%6"*0,/%"9%,/..%90//%VE)%90"7%+>/%804:!%1

! :+6%7/+>-.4+:"!%4!5%90427/!+4+:"!%?0"?/0+:/6%74-%8/%4!%()/(0*1%#,%-,$#*(),2"1*&1*&"&
DMk[KFSU[W
! E4!"?"0/%6:!2./37"./,*./%6/A*/!,:!2%+"%,>404,+/0:l/%
! F>/%90427/!+4+:"!%7/+>-.4+:"!%4!5%>-50"L-7/+>-.4+:"!%?4++/0!6%?0/6/!+%:!%KW=35/0:#/5%,9VE)%90"7%?4+:/!+6%OEmH(Q

[bN[GS^[EF)_%NGDK[VXG[

232ABACD'E'>DIIZ'KCDD'123'ILHB/FGC/1CLCULJ7/2KVDJ7/I7NVM/W/\S1/T/\GS1/



K>/!%/+%4.$%*%&2:%63'k*.-%&'&(

232ABACD'E'>DIIZ'KCDD'123'GDLPJI3LMA2''$7>'Q'$*7>

! [!0:,>/5%7"!"3!*,./"6"7/%./#/.6%

! )!5%6:2!:9:,4!+.-%>:2>/0%7"!"3i+0:!*,./"6"7/%04+:"6%:!%,4!,/0%?4+:/!+6

! V:6+:!,+%7/+>-.4+:"!%4!5%>-50"L-7/+>-.4+:"!%?4++/0!6%C/0/%"86/0#/5%8/+C//!%,4!,/0%4!5%,"!+0".%647?./6



`4?."+-?/3G/6".#/5%VE)%^/+>-.4+:"!%4+%+>/%)ND[%_",*6%:5/!+:9:/6%).././3W?/,:9:,%[?:2/!/+:,%W:2!4+*0/6%G/./#4!+%+"%
).l>/:7/0n6%V:6/46/%G:6<
Z/!!/0%/+%4.$%*%&2:%63'k*.-%&'&(

[bN[GS^[EF)_%NGDK[VXG[

232ABACD'E'P3BIALJBDZCDFAIOD1'123'GDLPJI3LMA2'V$7>X



232ABACD'E'P3BIALJBDZCDFAIOD1'123'GDLPJI3LMA2'V$7>X



C(&$'C')*+',-'#./#$



` !"#$%&$'()*+),+-'./#- +.#/%)*0+
` 1#'2+(3#+4'0#$'22%*/
` 5'""%*/+),+6+788+&.0-+4'0#0
` 9#,).# +-:#+3)2#$;2#+%0+,;22<+0#=;#*$#>+?+@,+%-+>%A#.0+,.)3 +-'./#- +BC+.#D#.0%)*+),+")2'.%-<+'*>+#E#$()*

232ABACD'313BLMOD'F3GBIM2?



W:!2./3C"0<9."C%E4!"?"0/%C>"./%2/!"7/%6/A*/!,:!2%C:+>%454?+:#/%647?.:!2%9"0%4,,/./04+/5%4!5%,"7?0/>/!6:#/%?/5:4+0:,%
,4!,/0%?0"9:.:!2
Z/"990:"!%/+%4.$%0);2:%6'",+$%&'&(

232ABACD'313BLMOD'F3GBIM2?

! G4?:5%4!5%,"7?0/>/!6:#/%7"./,*.40%,.466:9:,4+:"!%:6%,0:+:,4.%9"0%
+>/04?/*+:,%5/,:6:"!6%:!%?/5:4+0:,%"!,"."2-

! C>"./32/!"7/%6/A*/!,:!2%C:+>%454?+:#/%647?.:!2%O)W3;ZWQ%
*6:!2%DEF%"?+:7:l/5%9"0%?/5:4+0:,%"!,"."2-

! 5/+/,+:"!%"9%2/!"7:,@%6+0*,+*04.%4!5%/?:2/!"7:,%4.+/04+:"!6%:!%
4%6:!2./%4664-$

! )??.:/5%+"%YH%?/5:4+0:,%,4!,/0%?4+:/!+%647?./6@%)W3;ZW%
4,>:/#/5%>:2>%"!3+402/+%,"#/042/

! :!%>*!50/56%"9%.",:%"9%:!+/0/6+%9"0%:5/!+:9-:!2%6"74+:,%4!"74.:/6



W:!2./3C"0<9."C%E4!"?"0/%C>"./%2/!"7/%6/A*/!,:!2%C:+>%454?+:#/%647?.:!2%9"0%4,,/./04+/5%4!5%,"7?0/>/!6:#/%?/5:4+0:,%
,4!,/0%?0"9:.:!2
Z/"990:"!%/+%4.$%0);2:%6'",+$%&'&(

232ABACD'313BLMOD'F3GBIM2?



C&(#+.&/EC"F/.+*2

)'C'.C/"#*"4*+E!/./#$*/+"4"&F+



J/,:,<-S4<8)/9-+)]S43Z/*>/98*8+>*3S4<8),/S-<]*5,/>*3/,8+@?-R)-??/4+5/,;4<84?/LDJR,-a/D4+*;*3-/?*+@R3-45/54<4
G4S34*.8/-</4?P/01*,213'b.?/'%'\/

DJDHKHLC/W/2VDE7CR1C77/JDM/2KJFVJ7/V2HIHLB2/MCFC1FVHD/



J/,:,<-S4<8)/9-+)]S43Z/*>/98*8+>*3S4<8),/S-<]*5,/>*3/,8+@?-R)-??/4+5/,;4<84?/LDJR,-a/D4+*;*3-/?*+@R3-45/54<4
G4S34*.8/-</4?P/01*,213'b.?/'%'\/

DJDHKHLC/W/2VDE7CR1C77/JDM/2KJFVJ7/V2HIHLB2/MCFC1FVHD/



)/&'.C*&#(*+',-'#./#$



sequencing

Library preparation

GE)%5:0/,+.-%6/A*/!,/5%:!%!4!"?"0/

1MCD>L'C23'FD[ND2>M2?

3Õ



[#4.*4+:"!%"9%E4!"?"0/%5:0/,+%GE)%6/A*/!,:!2%*?54+/6%9"0%7"5:9:,4+:"!%5/+/,+:"!
[694>4!:%/+%4.$%8:"GL:#@%^4-%&'&(

D8B/,+:#/6%1%
a !%2'*#(&%),%-, 345667,*)/,345668
a 9"1"01(%),%-,2:5,*)/, ; ,

8<;-.6.<.6'/05+.*64)- *+,--.

*+,--/

*+,--.

*+,--/

1MCD>L'C23'FD[ND2>M2?



[#4.*4+:"!%"9%E4!"?"0/%5:0/,+%GE)%6/A*/!,:!2%*?54+/6%9"0%7"5:9:,4+:"!%5/+/,+:"!
[694>4!:%/+%4.$%8:"GL:#@%^4-%&'&(

U4.:54+:"!%C:+>%".:2"6%,"!+4:!:!2%
"!/%7d)%"0%o%

76)

o

1MCD>L'C23'FD[ND2>M2?



[#4.*4+:"!%"9%E4!"?"0/%5:0/,+%GE)%6/A*/!,:!2%*?54+/6%9"0%7"5:9:,4+:"!%5/+/,+:"!
[694>4!:%/+%4.$%8:"GL:#@%^4-%&'&(

U4.:54+:"!%C:+>%".:2"6%,"!+4:!:!2%
"!/%7d)%"0%o%

76)

o

1MCD>L'C23'FD[ND2>M2?



E4!"?"0/%5:0/,+%GE)%6/A*/!,:!2%*?54+/6
[99:,:/!+%5/+/,+:"!%"9%7d)@%7(K@%N6/*5"X@%&nD7@%&nDK@%&nDZ@%&nDX%:!%>*74!%0GE)6

1MCD>L'C23'FD[ND2>M2?'E'I3LDFL'2D\F



1MCD>L'C23'FD[ND2>M2?'E'I3LDFL'2D\F

E4!"?"0/%5:0/,+%GE)%6/A*/!,:!2%*?54+/6
[99:,:/!+%5/+/,+:"!%"9%7d)@%7(K@%N6/*5"X@%&nD7@%&nDK@%&nDZ@%&nDX%:!%>*74!%0GE)6



313BLMOD'F3GBIM2?'\MLP'1MCD>L'C23'FD[ND2>M2?

KDEF[bF
+GE)%,>402:!2%#40-%:!%0/6?"!6/%+"%1
! /!#:0"!7/!+4.%,"!5:+:"!6%6+0/66@%6+40#4+:"!%4!5%?0".:9/04+:"!
! 47:!"4,-.4+:"!%"9%+GE)6%C:+>%!"!3,"2!4+/%47:!"%4,:56%>46%8//!%

"86/0#/5%5*0:!2%"L:54+:#/%6+0/66%4!5%:!%,4!,/0
! .:!<6%8/+C//!%+GE)%7"5:9:,4+:"!6%4!5%47:!"4,-.4+:"!%40/%?""0.-%

,>404,+/0:l/5

DMk[KFSU[%
! :5/!+:9-%+>/%7"5:,4+:"!6%8-%5:0/,+%6/A*/!,:!2%"9%+>/%+GE)
! 4!5%6:7*.+4!/"*6.-%+>/%47:!"%4,:5%,>402/5%"!%+>/%6/A*/!,/5%+GE)

G[WX_FW
! f443+GE)36/Ag%3R%.:24+:"!%+"%64!5C:,>%+>/%47:!"%4,:5%8/+C//!%+>/%+GE)%

4!5%4!%454?+"0%".:2"!*,./"+:5/
! 9".."C/5%8-%>:2>%+>0"*2>?*+%!4!"?"0/%6/A*/!,:!2
! 0/#/4.6%+>/%:5/!+:+-%"9%+>/%47:!"%4,:5%4++4,>/5%+"%4%+GE)6%4+%+>/%6:!2./%

7"./,*./%./#/.
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