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No. of base pairs in the human genome ~ 3 billion = 3 x 10°
Linear size of the human genome ~ 3-6m



The Hierarchical Genome
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Contact probability, observed (log)
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/YPN1 N\

A mSATracer + Dam-Lamin A B mSATracer + Dam-Lamin B1 C mSATracer + Dam-Lamin B2
méATracer/Lamin B1 meATracer/Lamin B1 moATracer/Lamin B1

.,-*\

Kind & Steensel, Nucleus, 5, 124 (2014)



f | | | |

(ones Buipuig)®Boj |g uiweT
m Ko

Guelen et. al., Nature, 453, 948

™S NNO\



(]
O
=2

E —_

s _

o 100-

5 0= e

£ 3

L

S = O 50-

o

L _o-

LADs %
| | | | | I I | | | | 0 | | |
40 45 50 0.1 1 10

Chromosomal position (Mb) LAD length (Mb)

Guelen et. al., Nature, 453, 948
(2008)



e b Gene T a4 Gene . d Folll
) 1:15_' E“ density £ expression £ 05
E o -] E- E
& 024 5 451 7 £ o0
E = £ g
02 2 35+ 3 E.m.-
s .
0.6 Ei‘ﬁ- g“" -1.0
=4{M] =400 200 O 200 400 =400 =200 0 El:lﬂ' -'HEI 400 =200 0 200 400
]
=X
1f H3K27Tme3 1 H3Kome2 = CTCF
g §o’ o e
o 00- 5 % 0.104
g g -
E.ﬂ? E‘—ﬂ.l— Euﬁ_,
%—l}_i-' §—¢.5“ kb 002 =
T 1 ] I 1 ] 1 L] E L] 1 L| ] 1
=400 =200 @ 200 400 =400 =200 0 ﬂﬂﬂ' dl!ﬂ]- = =400 =200 0 200 400
Relative position (kb)
11 Promoters - 1 Promaters-= E CpG islands [ oy

3 T T
=] =300 o] 200 400 =400 =200 0 200 A00

Guelen et. al., Nature, 453, 948
(2008)



Bond forming monomer

0000000 »

X
S
S
S
=

Nuclear Lamin

Non-bonding monomer










—_—
us]
R

o in

Lamin proximity index

—_—
=]
o

=] in

Lamin proximity index

E, = 3k, T

! . | . |
300 400 500

|
200

Monomer index

| |
0 100 200 _3[]0
Monomer index

(b)

Probability

ﬁ
£

Probability

o

0.001

o

0.1

0.01

— BE=Ik,T
— BE=3k,T
— BE=Sk,T

T

| L
. I[]_ 14
Domain size

0.1

=
I

0.001 =

20 . . 40
Domain size

_—
@]
—

Probability

Probability

=

o

=
=

0.001

o

0.01

0.001

— BE=Ik,T
— BE=3k,T
— BE=5k,T

. lO_ I 14
Domain size

.u
T
(=]

=
)

20 30 40 50
Domain size



O M~ OWw ST M AN — O

0 400 500

30

200

100

0
(d)

Kleo)

—
W M~ © I S O N

o o o o o

o <o [ o [}

LO < 8] al Ao o
o
o
Ip}
o
o
4
o
o
[\p}
o
o
(V]
o
o
S




Wddi ngtonn’ s HIMGENEITIC LANIBCAIY

Martinez-Arias Lab,



 Common Myeloic Progenitor

4 BN
Wm \

yeloid Cells Erythroid Cells

~

All Blood cell types

@

Self-activating and mutually inhibiting



THE TV GENE NETVWEK

dX1 _ 9 d £ + alx?(t — Tl) n b15n k
gr ~ w0d—10) St xMt—1y) St+aR(t—-T1,)
dXz azx;t (t — Tz) b15n

—= =q,0(d —t + —k
g~ 209l )+Sn+xg(t—rz) St xMt—1y) °

(b) 3F

- —stable
| ---unstable

-
o

Mitra et. al. J. Roy. Soc. Interface 11, 20140706 Kaity et. al. bioRxiv/2017/193599

ViaYaY Y. RY Ve Y at B AY



IIIIIIIIIIIIIIIIIII

zlllH\'

[
T

|l|4l»|

o

IIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIII

[\)

A I I T S A A L)

Concentration of TFs (X,y)

|||||||||||||||||||||||||||
||||||
||||||||||

IIIIIIIIIIIIIIIIIII

..............................................................................

IIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIII

..............

IIIIIIIIIIIIIIIIIII




Concentration of TFs (X,y)
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The structure of a folded chromatin fiber has
implications for the regulation of gene expression.
The folded structure is determined by interactions
with various proteins such as CTCF and nuclear lamin

proteins.
/

4he epigenetic landscapes that describes the path oiN
a cell during differentiation can be interpreted using
the dynamics of the underlying gene regulatory
network. The incorporation of time-delayed feedback
in these networks leads to oscillatory states and

\trans-differentiation. /
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