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histone modifications
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H3K4me3 - transcription start sites
H3K27ac - active enhancers and TSS
H3K27me3 - domain around TSS
H3K36me3 - active gene bodies
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methodology (digestion or transposase)

DNase | or Tn5 release fragments of open chromatin
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library construction and sequencing
mapping to genome reference (BWA or bowtie2)

identify cleavage/insertion location
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calculate density of cleavage/insertion events
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call regions of accessibility
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formation of accessible chromatin

pioneering factors make important genes accessible during development
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methodology (digestion or transposase)

library construction and sequencing
mapping to genome reference (BWA or bowtie2)

identify cleavage/insertion location
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calculate density of cleavage/insertion events

call footprints within accessible chromatin
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methodology

DNase | digestion transposon integration
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methodology (digestion or transposase)

methodology
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methodology (digestion or transposase)

methodology
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library construction and sequencing

calculate density of cleavage/insertion events

mapping to genome reference (BWA or bowtie2)
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nucleosome positioning during transcription methodology (MNase digestion) methodology (transposon insertion)
MNase | digests linker DNA, releasing multisomes Tn5 integrates into accessible chromatin,
and releases multisomes
A = < v v
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0 500 bp MNFR MJ# MFR ‘O'.u... d /_m ’—$ k

purify mononucleosome-bound DNA

QO
0 ...... ,D——)Q——-)v\

library construction and sequencing

mapping to genome reference (BWA or bowtie2)
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Jiang et al NRG 2009 . . . . . .
J library construction and sequencing identify cleavage location

determinants of positioning stability —_——

mapping to genome reference (BWA or bowtie2)
A Highly positioned nucleosomes “Fuzzy” nucleosomes
A
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identify reads that span at least one nucleosome

Poly(dA:dT) tract

G

oS g : : = : identify cleavage location
-ATTGAGCTGCAATCTGGAATAACAGCCAGATARGGAGCTACAGTACC- -

Nucleosome favoring sequence: read Iength
A/T dinucleotide every 10 basepairs
G/C dinucleotide every 10 basepairs, in antiphase with A/T dinucleotides
B ATP ADP + P, ATP ADP + P; . . .
calculate nucleosomal density calculate density of tags / number of insertion events

ATP-consuming ATP-consuming

chromatin remodeling factor chromatin remodeling factor
Pargy §
( HDAC
l (or)

call positioned nucleosomes call positioned nucleosomes
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nucleosome positioning during transcription
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positioning stability

A Highly positioned nucleosomes “Fuzzy" nucleosomes
A

-ATTGAGCTGCAATCTGGAATAACAGCCAGATAAGGAGCTACAGTACC-

Nucleosome favoring sequence:
A/T dinucleotide every 10 basepairs
G/C dinucleotide every 10 basepairs, in antiphase with A/T dinucleotides

B ATP  ADP +P, ATP  ADP+P,

ATP-consuming ATP-consuming
chromatin remodeling factor chromatin remodeling factor
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positioning stability

A Highly positioned nucleosomes “Fuzzy" nucleosomes
A

-ATTGAGCTGCAATCTGGAATAACAGCCAGATAAGGAGCTACAGTACC-

Nucleosome favoring sequence:
A/T dinucleotide every 10 basepairs
G/C dinucleotide every 10 basepairs, in antiphase with A/T dinucleotides

B ATP  ADP +P, ATP  ADP+P,

ATP-consuming ATP-consuming
chromatin remodeling factor chromatin remodeling factor




nucleosome positioning /{-\

methodology (MNase digestion)

MNase | digests linker DNA, releasing multisomes

XYy
O-\.——)

purify mononucleosome-bound DNA

Q
O—-.Q ——)D —_ o~

library construction and sequencing
mapping to genome reference (BWA or bowtie2)

identify cleavage location

+£ e

calculate nucleosomal density

_A_L

call positioned nucleosomes

I\

Tn5 integrates into accessible chromatin,
and releases multisomes

A

identify cleavage location

r

identify reads that span at least one nucleosome
read length

calculate density of tags / number of insertion events

call positioned nucleosomes

|

BMI206 November 3, 2014
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catalogue of common base modifications (in mammals)

NADP" NADPH NADPH NADP*

Gene Silencing Gene Activation??? :
X - isocitrat o-KG 2-HG
Recruitment of A . [socitrate TDH{]mot
HDACs, Corepressors : IDH2 IDH2™ /
MBD .
Kaiso ; TETs
SRA .
-KG Succ OH a-KG Succ O a-KG Succ
NHe ° NH 0
SAM  SAH NH2 o,  co, H(I:I 2 o, NH;
H5C
S\ A e N Fe. NH
?| O DNMTs TETs IJ§ TETs Jg TETs ':ld&o
DNA D DNA
cytosine 5-methylcytosine 5-] hydroxymelhylcytosme 5-formylcytosine 5-carboxylcytosine

N
t Passive Demethylation By Replication
OH o
TDG, SMUGH, . |c AID/APOBEC

. Base Excision Repair 2 | NH

o

DNA

5-hydroxymethyluracil

\ Base Excision Repair

Mariani et al, Cancers 2013
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5mC repression of gene expression

active transcription

0@ @9 [

promoter

repressed

00 o900

promoter

? 5mC 5 methyl cytosine
(P C  unmodified cytosine

BMI206 November 3, 2014

bisulfite conversion / protection

bisulfite

daigenode.com



DNA modifications A/é'/

methodology

- methodology

"COTTICG — ¢OTTUG

BMI206 November 3, 2014

fragmentation

library construction and sequencing Convert DNA With biSUIﬁte

mapping me,th\’\
I N
genomictragment .ccggeatgtttaaadget.. —ﬁ G
P was read conversion
|

TTGGTATGTTTAAATGTT

TTAACATATTTARACATT
e

align to bisulfite
converted genomes

@

.ttggtatgtttaaatgtt..

acatatttaaacact..
~aaccatacaaatttacaa. a.

gottgtataaattgty

read all four alignment

outputs simultaneously
to determine if the
sequence can be

o @ @ @

mapped uniquely

Kru:ger et al Bioinformatics 2011 fra g m e n ta ti O n

calculate % of tags methylated per genomic position

library construction and sequencing
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convert DNA with bisulfite

COTICG = ¢OTTUG

mapping

genomic fragment ...ccggclzatgtttaaaégct...
sequence after bisulfite
treatment 'I?GCATGTTTAAAC%
mapping C-to-T G-to-A read conversion

sequencealtertisuliie  ppGGCATGTITARACGTT

TTGGTATGTTTAAATGTT TTAACATATTTAAACATT

5(1) @ |

Gk read conversion

CitoT
|

TTGGTATGTTTAAA’I;‘:?‘\T - }AA%(‘ATATTTAI.\ACATvT E ! align to bisu"ite
| >< | Jamiostic ! ] converted genomes
i i
| ™ ] | (3) @
..aaccatacaaatttacaa.. ~ggttgtataaattigtga.. & ¥
) Y e —— ~.ttggtatgtttaaatgtt.. ..ccaacatatttaaacact..
AN \ / ol Sl Enetinly ..aaccatacaaatttacaa.. ..ggttgtataaatttgtga..
oA/ bl Lol forward strand C-to-T converted genome forward strand G-to-A converted genome
oo s st g
M 2

3) @ read all four alignment

) (

'\ / outputs simultaneously

\ ff to determine if the
L sequence can be

determine unique best alignment mapy uniqusly

calculate % of tags methylated per genomic position

Krueger et al Bioinformatics 2011

calculate % of tags methylated per genomic position



GEM (Guo et al, PLoS Comp. Bio 2012)

algorithm

1. predict protein-DNA binding events with sparse prior

2. discover set of enriched kmers at binding event

3. cluster set of enriched k-mers into k-mer classes

4. generate positional prior for discovery in most enriched class
5. predict improved binding event probabilities with pos. prior
6. repeat (2) and (3) to generate improved motif enrichments

1. predict events with sparse prior

(8) Mt ot oo evers (b)cres

Guo et al, Bioinformatics 2010

2. discover set of enriched kmers

*ﬁt of predicted events from (1)

|} - . W set of negative regions (+/-300bp)
positive region count  negative region count

kmerl 34

kmer2 25 42

kmer... 17 25

hypergeometric test

Barash et al WABI 2001

3. cluster kmer classes

Kemer [Offset[Pos Hit| Neg Hit
————— ATCCARAT | 3 | 730 | 30
TaTccRAA | 4 | 628 | 33
—————— TocanaTc| 2 | 460 | 22
77777 ATCCTAAT | 3 | 382 | 12
TTATCCAA | 5 | 388 | 13
77777 ATCCATAT | 3 | 320 | 21
------ Tccanatr| 2 | 222 | 18

Guo et al, PLoS Comp Bio 2012

4. generate positional prior for events in most enriched kmer class

M
plmyac l'[ll.'z.n)”"”"’
m=

5. predict binding event probabilities

o_  max(0N,, —o
U
S max(

2

O N
i sty - > G=m)
N,y — 5+ %) =l

6. Redo steps (2) and (3) to improve motif quality

62F10.1371%2Fjournal pcbi. 1002638

GEM (Guo et al, PLoS Comp. Bio 2012)

algorithm

1. predict protein-DNA binding events with sparse prior
2. discover set of enriched kmers at binding event
3. cluster set of enriched k-mers into k-mer classes

4. generate positional prior for discovery in most enriched class
5. predict improved binding event probabilities with pos. prior
6. repeat (2) and (3) to generate improved motif enrichments

BMI206 November 3, 2014



GEM (Guo et al, PLoS Comp. Bio 2012)

algorithm

1. predict protein-DNA binding events with sparse prior

2. discover set of enriched kmers at binding event

3. cluster set of enriched k-mers into k-mer classes

4. generate positional prior for discovery in most enriched class
. predict improved binding event probabilities with pos. prior
6. repeat (2) and (3) to generate improved motif enrichments

1. predict events with sparse prior

() e (b)cres
: 2

A

(C) GPs mixture model
1

o 0090000

Observed '
reads

Guo et al, Bioinformatics 2010

2. discover set of enriched kmers

*sel of predicted events from (1)

- .- m W set of negative regions (+/-300bp)
positive region count  negative region count

kmerl 34

kmer2 25 42

kmer... 17 25

hypergeometric test

Barash et al WABI 2001

3. cluster kmer classes

o]
o | =
480 22
=
358 13
o | o
=

Guo et al, PLoS Comp Bio 2012

4. generate positional prior for events in most enriched kmer class

M
playec T ' [ i
m=

5. predict binding event probabilities

@ __ Max(0.N, —us+ ) _ z’\ »

T s Nu=
Sty Max(O.N,y — s +2,)

6. Redo steps (2) and (3) to improve motif quality

1013 pcbi. 1002638

GEM (Guo et al, PLoS Comp. Bio 2012)

1. predict events with sparse prior

(@) Mixture of reads from joint events (b) cTCF event expected read density

1 2

( ) ( ) 0.01
z 0.005
- 2
[— g
e | - 0
— o
] @
|— x
[— -0.005
[ —]
——
=
-0.01 : : : -
— -400 -200 0 200 400

Location with respect to binding site

(d) Deconvolved protein-DNA interaction events
1 2

(€) GPs mixture model
1 2

Possible ) W
events ;QO _O
]

Observed o
reads
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GEM (Guo et al, PLoS Comp. Bio 2012)

algorithm

1. predict protein-DNA binding events with sparse prior

2. discover set of enriched kmers at binding event

3. cluster set of enriched k-mers into k-mer classes

4. generate positional prior for discovery in most enriched class
5. predict improved binding event probabilities with pos. prior
6. repeat (2) and (3) to generate improved motif enrichments

1. predict events with sparse prior

(8) e ot eacs rom ot events (b) CToF evnt expected reaa censy
p 2

Guo et al, Bioinformatics 2010

2. discover set of enriched kmers

*ﬁl of predicted events from (1)

- - m W set of negative regions (+/-300bp)
positive region count  negative region count

kmerl 34

kmer2 25 42

kmer... 17 25

hypergeometric test

Barash et al WABI 2001

3. cluster kmer classes

[Offset[Pos Hit| Neg Hit
BIEIE)
4 | a8 | 3
2 |40 | 2
BIEE
5 |8 | 13
3 | a0 | 2t
2 |22 | 18

Guo et al, PLoS Comp Bio 2012

4. generate positional prior for events in most enriched kmer class

M
playe l'[l(nm)i""’"’
m=

5. predict binding event probabilities

max(0,N, —ots + %)

N

2 O I

T = s Nu= 5 1Gn=m)
S max(0.N, — 5 +1,) et

6. Redo steps (2) and (3) to improve motif quality

62F10.1371%2Fjournal pcbi. 1002638

BMI206 November 3, 2014

GEM (Guo et al, PLoS Comp. Bio 2012)

2. discover set of enriched kmers

I I set of predicted events from (1)
m H BN B set of negative regions (+/-300bp)

positive region count negative region count

kmerl 400 34
kmer2 25 42

kmer... 17 25

hypergeometric test



GEM (Guo et al, PLoS Comp. Bio 2012)

algorithm

1. predict protein-DNA binding events with sparse prior

2. discover set of enriched kmers at binding event

3. cluster set of enriched k-mers into k-mer classes

4. generate positional prior for discovery in most enriched class
. predict improved binding event probabilities with pos. prior
6. repeat (2) and (3) to generate improved motif enrichments

1. predict events with sparse prior

(8) e ot eacs rom ot events (b) CToF evnt expected reaa censy
p 2

—0—0—

() Deconvolved protein-DNA iteraction events

A
R~

Guo et al, Bioinformatics 2010

(€)Ps mcure mocel
.

Observed '

2. discover set of enriched kmers

*ﬁ( of predicted events from (1)

- .- m W set of negative regions (+/-300bp)
positive region count  negative region count

kmerl 34

kmer2 25 42

kmer... 17 25

hypergeometric test

Barash et al WABI 2001

3. cluster kmer classes

Kemer [Offser

os Hit| Neg Hit|
30

4 | e8| 33

2 | 40 | 22
3 |32 | 12
5 | 38 | 13

carat | 3 | 320 | 21

camatr| 2 | 222 | 18

Guo et al, PLoS Comp Bio 2012

4. generate positional prior for events in most enriched kmer class

M
playec T ' [ i
m=

5. predict binding event probabilities

=

“max(().N,,, — s+ ) N, Z\f )
Sty Max(O.N,y — s +2,) "

6. Redo steps (2) and (3) to improve motif quality

p 10.1371%2Fjournal pcbi. 1002638

GEM (Guo et al, PLoS Comp.

3. cluster

Bio 2012)

kmer classes

K-mer

Pos Hit

Neg Hit

~——--ATGCAAAT

739

30

—-———-TATGCAAA

628

33

~—————TGCAAAT

460

22

=====-ATGCTAAT

382

12

---TTATGCAA

358

13

—————-ATGCATAT

320

21

~—————TGCAAATT

222

18
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GEM (Guo et al, PLoS Comp. Bio 2012)

algorithm

1. predict protein-DNA binding events with sparse prior
2. discover set of enriched kmers at binding event

3. cluster set of enriched k-mers into k-mer classes

4. generate positional prior for discovery in most enriched class
5. predict improved binding event probabilities with pos. prior
6. repeat (2) and (3) to generate improved motif enrichments

1. predict events with sparse prior

(8) e ot eacs rom ot events (b) CToF evnt expected reaa censy

(€)Ps mcure mocel (d) Deconvoted e ONA
1 2

e 4}(\
%

Guo et al, Bioinformatics 2010

Observed "+

2. discover set of enriched kmers

*ﬁ( of predicted events from (1)

- .- m W set of negative regions (+/-300bp)
positive region count  negative region count

kmerl

kmer2 25 42

kmer... 17 25

hypergeometric test

Barash et al WABI 2001

3. cluster kmer classes

Womer [offset[Pos i Neg Hi
3 |1

I FA P TN TS

Guo et al, PLoS Comp Bio 2012

4. generate positional prior for events in most enriched kmer class

M
playx l'[l(nm)’“”’"
m=

5. predict binding event probabilities

) max (0N, —ots + o)

T =y Nu= Wen=m
ot <y Max(O.N,y — 5+ 1t,,) Z“ ! )

6. Redo steps (2) and (3) to improve motif quality

10.1371%2Fjournal. pcbi.1002638

GEM (Guo et al, PLoS Comp. Bio 2012)

4. generate positional prior for events in most enriched kmer class

plm)c

M

H {H } A5+ A
i)
H‘_

5. predict binding event probabilities

m

(i) _

IHHK[G«MM — g+ 'Im]

Em Fail max(0, N J — s+ )

fnl'"rm =

Wzy,=m)
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algorithm

1. predict protein-DNA binding events with sparse prior
2. discover setof eniched kmers at binding event

. cluster set of enriched k-mers into k-mer classes
b generate positional prior for discovery in most enriched class
5. predict improved binding event probabilities with pos. prior
& Fepeat (2) and (3) o generate improved motf enrichments

1. predict events with sparse prior

2. discover set of enriched kmers

*ﬁt of predicted events from (1)

[ ] - . W set of negative regions (+/-300bp)
positive region count  negative region count
34
25 22
17 25

hypergeometric test

3. cluster kmer classes

[Pos Hit|Neg Hit|
3 30

739

628 | 33
40 | 2
.2 | 12
13
21
18

358

4. generate positional prior for events in most enriched kmer class

P 1T () o

5. predict binding event probabilities

S max(0.Nyy —tts + o)
i = e AT )

N
maxO.Ny a5ty " 2=

6. Redo steps (2) and (3) to improve motif quality

13; |pcbi.1002638

6. Redo steps (2) and (3) to improve motif quality

BMI206 November 3, 2014
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