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High resolution map of DNA 
loops during macrophage 
development
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High resolution map of 3D chromatin

ATAC-Seq

CTCF ChIP-Seq

H3K27ac ChIP-Seq

RNA-Seq
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Part 2

Differential looping during 
macrophage development
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Differential Loop Detection

Mike Love
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Differential Loop Examples
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Differential Loop Examples
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Differential Loop Examples
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Differential Loop Examples
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Five classes of loops
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Five classes of loops
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Part 3

Enhancer-bound loops
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Gained loops connect H3K27ac peaks
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Gained loops connect enhancers to enhancers?
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What if we had multi-loop hubs?
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What if we had multi-loop hubs?
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Multi-loop hubs could explain Enh-Enh loops
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Multi-loop hubs could explain Enh-Enh loops
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Communities with gained loops have more members
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Communities with gained loops have more members
0

20

40

60

80

100

>= 1 2

# of anchors

%
 b

ou
nd

 b
y 

H3
K2

7a
c

A
*

*

static
gained

0

10

20

30

40

>= 1 2

# of anchors

%
 a

t p
ro

m
ot

er

B

* static
gained

lo
g2

 F
C 

H3
K2

7a
c 

(+
PM

A/
−P

M
A)

−6

−4

−2

0

2

4

6

lost static gained

Loop subset

C

*

*

0

20

40

60

80

100

static gained none

# 
of

 c
el

l t
yp

es
 w

ith
 e

nh
an

ce
r

Enhancer Loop Overlap

*
*

D

E−E P−P E−P

static
gained

0

10

20

30

40

50

60 *

*

Loop type

%
 o

f L
oo

ps

E

●

●
●

●

●

●

●
● ●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

● ●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

communities containing gained loop

F

# 
an

ch
or

s

0

5

10

15

20

●

promoter
not promoter
gained loop
activated loop
static loop

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

communities lacking gained loop

# 
an

ch
or

s

0

5

10

15

20

●

promoter
not promoter
gained loop
activated loop
static loop

G

●

●

●

2

4

8

16

32

64

static only activated gained

Contained in community

# 
of

 a
nc

ho
rs

 in
 c

om
m

un
ity

* *
H

●

●

●

0

5

10

15

static only activated gained

Contained in community

# 
En

ha
nc

er
s 

pe
r p

ro
m

ot
er

* *

I

20



0

20

40

60

80

100

>= 1 2

# of anchors

%
 b

ou
nd

 b
y 

H3
K2

7a
c

A
*

*

static
gained

0

10

20

30

40

>= 1 2

# of anchors

%
 a

t p
ro

m
ot

er

B

* static
gained

lo
g2

 F
C 

H3
K2

7a
c 

(+
PM

A/
−P

M
A)

−6

−4

−2

0

2

4

6

lost static gained

Loop subset

C

*

*

0

20

40

60

80

100

static gained none

# 
of

 c
el

l t
yp

es
 w

ith
 e

nh
an

ce
r

Enhancer Loop Overlap

*
*

D

E−E P−P E−P

static
gained

0

10

20

30

40

50

60 *

*

Loop type
%

 o
f L

oo
ps

E

●

●
●

●

●

●

●
● ●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

● ●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

communities containing gained loop

F

# 
an

ch
or

s

0

5

10

15

20

●

promoter
not promoter
gained loop
activated loop
static loop

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

communities lacking gained loop

# 
an

ch
or

s

0

5

10

15

20

●

promoter
not promoter
gained loop
activated loop
static loop

G

●

●

●

2

4

8

16

32

64

static only activated gained

Contained in community

# 
of

 a
nc

ho
rs

 in
 c

om
m

un
ity

* *
H

●

●

●

0

5

10

15

static only activated gained

Contained in community

# 
En

ha
nc

er
s 

pe
r p

ro
m

ot
er

* *

I

Communities w/gained loops have more enhancers per promoter

21



Hubs explain Enh-Enh loops
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Part 4

TF enrichment at loop anchors
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TF footprinting
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TF footprinting
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TF footprinting
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TF enrichment at loop anchors
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AP-1 is enriched at enhancer ends of loops
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Distal AP-1 binding correlates with increased expression
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AP-1 bound activation hub

CTCF

AP-1
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AP-1 involved in  
loop formation?



Summary

pre-established
static DNA loop(s)

inactive regulatory elements

macrophage
related gene

acupregulation of
macrophage
related gene

gain of H3K27 acetylation 
gain of AP-1 motif occupancy

static and dynamic loops 
bridge AP-1 to target genes

Monocyte Macrophage

H3K27 acetylation 

72 h PMA

ac

ac

ac

AP-1

AP-1 bound AP-1 motif 

AP-1

AAAAA

AAAAA

AAAAA

AAAAA

33



34

Acknowledgements

Kevin Van Bortle*
Mike Snyder
Damek Spacek
Gaelen Hess
Michael Bassik

Muhammad Saad Shamim
Ido Machol
Erez Lieberman Aiden

Kamisha Woolery
Katie Metz
Mike Love

javascript:openCenterWinPercentage('ManageAuthor.aspx?authorID=399635',%20'ViewAuthorDetail',1,1,0,0,0,0,400,400,0.5)

