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What is Epigenetics?

* C.H. Waddington coined the term epigenetics to mean above or
in addition to genetics to explain differentiation.
* How do different adult stem cells know their fate?
o Myoblasts can only form muscle cells
o Keratinocytes only form skin cells
o Hematopoietic stem cells only become blood cells
o But all have identical DNA sequences.
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C.H. Waddington
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Waddington's Epigenetic Landscape
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What is Epigenetics?

* C.H. Waddington coined the term epigenetics to mean above or
in addition to genetics to explain differentiation.
* How do different adult stem cells know their fate?
o Myoblasts can only form muscle cells
o Keratinocytes only form skin cells
o Hematopoietic stem cells only become blood cells

(@)

But all have identical DNA sequences.

* Modern definition is non-sequence dependent inheritance.
* How can identical twins have different natural hair colors?

© Doug Brutlag 2015



Identical Twins with Different Hair Color

|

A
i)
m

© Doug Brutlag 2015



What is Epigenetics?

C.H. Waddington coined the term epigenetics to mean above or
in addition to genetics to explain differentiation.

How do different adult stem cells know their fate?
o Myoblasts can only form muscle cells
o Keratinocytes only form skin cells
o Hematopoietic stem cells only become blood cells
o But all have identical DNA sequences.

Modern definition is non-sequence dependent inheritance.
How can identical twins have different natural hair colors?
How can a single individual have two different eye colors?
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Mosaicism:
An Individual with Two Different Eye Colors
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Mosaicism:
An Individual with Two Different Eye Colors
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Mosaicism:
An Indiv_i_dal Eve with Two Colors




What is Epigenetics?

C.H. Waddington coined the term epigenetics to mean above or
in addition to genetics to explain differentiation.

How do different adult stem cells know their fate?
o Myoblasts can only form muscle cells
o Keratinocytes only form skin cells
o Hematopoietic stem cells only become blood cells
o But all have identical DNA sequences

Modern definition is non-sequence dependent inheritance.
How can identical twins have different natural hair colors?
How can a single individual have two different eye colors?
How can identical twin liter mates show different coat colors?
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Coat Colors of Genetically Identical
Agouti Mice Liter Mates
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What is Epigenetics?

C.H. Waddington coined the term epigenetics to mean above or
in addition to genetics to explain differentiation.
How do different adult stem cells know their fate?

o Myoblasts can only form muscle cells

o Keratinocytes only form skin cells

o Hematopoietic cells only become blood cells

o But all have identical DNA sequences.

Modern definition is non-sequence dependent inheritance.
How can identical twins have different natural hair colors?
How can a single individual have two different eye colors?

How can identical twin liter mates show different coat colors?
How can just paternal or maternal traits be expressed in
offspring? This is called genetic imprinting.

How can females express only one X chromosome per cell?
How can acquired traits be passed on to offspring?

Some changes in gene expression that are, in fact, heritable!

© Doug Brutlag 2015






Human Mitotic Chromosome
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DNA in a Human Chromosome

© Doug Brutlag 2015



DNA in a Human Chromosome
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Three Levels of Folding of DNA in Chromatin
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Nucleosome Core Structure
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DNA Methylation & the Epigenetic Code

Methyl marks added to certain
DMNA bases repress gene activity

© Doug Brutlag 2015



DNA Methylation & Histone Modifications
Form the Epigenetic Code

The ‘epigenetic’ code

DNA methylation
Methyl marks added to certain
DNA bases repress gene activity

Histone modification

A combination of different molecules
can attach to the "tails” of proteins
called histones, These alter the activity
of the DNA wrapped around them
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Paula Vertino, Henry Stewart Talks © Doug Brutlag 2015



Methylation of Cytosine in DNA

» Cytosine methylation
=
o
DNMTs
. il S-adenosylmethionine
N
l
I
7NG OGN YR 7NGNONINNTNIR
L ATTCGTCGCTAG... L ATTCGT CGCTAG...

© Doug Brutlag 2015



Only Cs in CG sequences are Methylated

5 CpG
GpC 5’

De novo methylation
Dnmt3a & Dnmt3b enzymes

5 Mev
S CpG
GpC 5’

Maintenance methylation
Dnmt1 enzyme
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5-Methyl Cytosine in DNA

Cytosine methylation

cytosine guanine
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Paula Vertino, Henry Stewart Talks © Doug Brutlag 2015



Cytosine Methylation Maintains
Inactive-Condensed Chromatin State

Alex Meissner

- Henry Stewart Talks

Transcription factors
RNA polymerase

Transcription ru Acetylation

Methyl-CpG
Binding proteins
and associated
CO-repressors

Chromatln compactlon
Transcriptional silencing

Matmrg Reviows | Genptlos
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5-Methyl Cytosine is Found in
Heterochromatic Regions

The distribution of cytosine methylation in mammals

+ Heterogeneity visible at cytogenetic scale

» Associated with heterochromatic regions

PMID: 9609658
John Greally, Henry Stewart Talks http://www.ncbi.nlm.nih.gov/pubmed/9609658  © Doug Brutlag 2015
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Structure & Epigenetics of
Euchromatin versus Heterochromatin

DNA methylation and histone modifications
help to compartmentalize the genome
into domains of different transcriptional potentials

Euchromatin Heterochromatin
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. High histone acetylation + Low histone acetylation
« Low DNA methylation * Dense DNA methylation
+ H3-K4 methylation + H3-K9 methylation

Paula Vertino, Henry Stewart Talks



Histone Code
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Histone Code
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Nucleosome with histone posttranslational modifications (Adapted from 1)

"Pluripotent Stem Cells", book edited by Deepa Bhartiya and Nibedita Lenka



Maintenance of
Cytosine Methylation

Establishment and maintenance

Replication

Maintenance methylation
Dnmt1

Alex Meissner, Henry Stewart Talks Alex Meissner, Henry Stewart Talks



Passive Demethylation of
5-Methyl-Cytosine

Establishment and maintenance

Replication

Maintenance methylation
Dnmt1

Alex Meissner, Henry Stewart Talks Alex Meissner, Henry Stewart Talks



Establishment and Maintenance of
Cytosine Methylation

Establishment and maintenance

Replication

-

Maintenance methylation

Alex Meissner, Henry Stewart Talks © Doug Brutlag 2015



Some DNA Methyl Transferases are Essential

Mammalian Dnmts are essential

Regulatory Domain Catalytic Domain

Dan : emhty c-ni C | Eth a I Conserved m&thyﬂragmasa maotifs

DNMT1 l Bt
Dnmt2: no obvious effect ﬁl i amanng (KG)n |Catalysis  Binding
Dnmt3a: perinatal death Replication Cys-rich 1Vl e

Foci targating
Dnmt3b: embryonic lethal
Regulatory Domain Catalytic Domain

Dnmt3l: no imprints
onmr3a. I T
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Cys-ichPHp T IV VI
domain
homology
to ATRX

Robertson, KD, Oncogene 2002

Alex Meissner, Henry Stewart Talks



Some DNA Methyl Transferases are Essential

2

Cytosine methylation in mammals
=
= + Gene expression
+ Chromosomal stability

® il

Cell differentiation
- + Imprinting

+ X-Inactivation
+ Carcinogenesis

+ Aging

Alex Meissner, Henry Stewart Talks



Methylated DNA from Zygote to Adult

Zygote

.

ACATAGACATACACACTGTTGATTAGG GAGRTAGTGAC AGATCCATTACAGCACCATRCCATGAT
GTT T T TATT ACC AGGATGATCACCATTGGETACCATTTACCAGGATTACACAG TTTTAGATGACC
AGTRGCTATTAGAGGATTTTARATITATI TRAGGATTITATGG GATTGATARRGGGRAGATT TARCA
TAGACATRCRCACTGTTEATTRAGGGAG ATRG TGACAGATCCATTAC AGC ACCATARCCATG ATGTT
TTTATTACCRGE ATGATCACCATTGEE TACC ATTTACC AGGATTAC ACAGTTTTAGATCGACCAGT
AGCTATTAG AGG ATT T TARATT TATTT AGGATTTTATGC GGATTCATAARGGGAGATTTTTATTAT
RAGGACATAG RCATACACACTGTTGATTAGGE AGATAGCTCRCAGATCCATTACAGCACCATACCAT
GATGTTTTTATTACCAGGATGATCACC ATTG GG TACCATTTACCRGGATTACACAGTTTTAGATG
A ARG TAGC TAT TAGAGGATTT T ARATTTATTTAG GATTTTATGGE ATTGATARAGGGAGATTTA
ARCATRAGACATACACRCTGTTGATTAGGGRAGARTAGTGAC AGATCCATACAGCACCATACCRTGAT

How is the diversity of cell types
created and maintained
in multi-cellular organisms?

ACATAGACATACACRCTCTTGATTAGG GAGRATAGTGAC AGATCCATTAC AGCACCATACC ATGAT
G T T TATT ACC AGGATC AT CACCATT GGG TACCATTTACCAGEATTAC ACAGC TTTTAGATERCEC
AGTAGCTATTAG AGGATTTTARATTITATTTAGGATTTTATGG GATTGATARAGGGAG ATTTAARCA
TAGRC ATACRCACTGTTGATTAGGGAG ATAG TCACAGATCCATTACAGCACCATACCATGATGTT
TTTATTACCAGE ATGATCACCATTGGE TACC ATTTACC AGGATTAC ACAGTTTTAGATGACCAGT
RGCTATTAG AGG ATTTTARATTITATTTAGGATTTTATG GEATTGATARRARGGEAGARTTTTTATTAT
RGGACATAG ACATACACACTGTTGATTAGGG AGATAGTGACAGATCCATTACAGCACCATACCAT
GATGTTTTTRTTACCAGGATGATCACC ATIG GG TACCATTTACCRG GATTARCACAGTTTTAGATG
ACCAG TAGCTATTAGAGG AT TTT ARATTTATTTAG CATTTTATCGE ATTGATAAAGGGAG ATTTA
ACATAGACATACACACTGTTGATTAGG GAGATAGTGAC AGATCCATTACAGCACCATACCATGAT

Alex Meissner, Henry Stewart Talks © Doug Brutlag 2015



Methylated DNA from Zygote to Adult

Differentiated cells become
more restricted in their potential

' I Totipotent
Zygote O Gorei Gerwz Gerad Geres L

; ;

EIINITWNTN Unipotent
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Alex Meissner, Henry Stewart Talks © Doug Brutlag 2015



DNA Methylation Differentiates Totipotent Embryonic
Stem Cells from Unipotent Adult Stem Cells

DNA methylation

Pluripotent cell

@

ctggaggtgcaatggetgtettgtectggectt
ggacatgggctgaaatactgggttcaccecatat
ctaggactctagacgggtgggtaageoaagaact
gaggagtggcococagaaataattggeocacacgaa
cattcaatggatgttttaggectectocagaggat
ggctgagtgggctgtaaggacaggecgagagygg
tgecagtgeccaacaggetttgtggtgegatgggg
catccgagecaactggtttgtgaggtgbteocggtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggecteoctggggtecegtectaag
ggttgtocctgtoccagacgtococcaacctocogte
tggaagacacaggcagatagecgectogectcagt
ttetececcaceccocacagetetgetectocacece
acccagggggoeggggecagaggtecaaggetaga

gggtgggattggggagggagaggtgaaaccgt
cctaggtgagocgtetttoccaccaggocococgg

cteoggggtgcecoccaccttaececatggetggacac

Alex Meissner, Henry Stewart Talks

Unipotent cell

®

Ctggaggtgcaatggetgtettgtoctggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggcococagaaataattggeoacacgaa
cattcaatggatgttttaggetectccagaggat
ggctgagtgggctgtaaggacaggecgagaggyg
tgeagtgeccaacaggeotttgtggtgegatgggg
catcocgagcaactggtttgtgaggtgtcoccggtg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggcocoteoctggggteocogtactaag
ggttgteoctgtocagacgtoccocccaaccteocogte
tggaagacacaggcagatagegctegeccteoagt
ttoteoccacoceccacagetetgetecteocacece
acccagggggoggggecagaggtcaaggetaga

gggtgggattggggagggagaggtgaaaccgt
cotaggtgageogtettteocaccaggoccoogyg

cteggggtgecoccaccttoccecatggetggacac

© Doug Brutlag 2015



DNA Methylation Differentiates Totipotent Embryonic
Stem Cells from Unipotent Adult Stem Cells

DNA methylation

Pluripotent cell

@

ctggaggtgcaatggotgtettgtectggoctt
ggacatgggectgaaatactgggttcaccecatat
ctaggactctagacgggtgggtaageocaagaact
Jaggagtggococagaaataattggocacacgaa
cattcaatggatgttttaggetcteocagaggat
ggctgagtgggctgtaaggacaggccgagaggg
tgecagtgeccaacaggetttgtggtgegatgggg
catcocgagoaactggtttgtgaggtgtecggtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggcctcococtggggtocegtoctaag
ggttgtectgtoccagacgteooccaaccteocgte
tggaagacacaggcagatagogctoegectcagt
ttetoccacceoccacagetetgetectecaccoe
accocagggggoggggecagaggtecaaggetaga
gggtgggattggggagggagaggtgaaaccgt

cctaggtgagecgtcetttocaccaggeccecegg
ctoeggggbgeccaccttececatggetggacac

Alex Meissner, Henry Stewart Talks

Unipotent cell

@

Ctggaggtgcaatggeotgtettgtocectggeoctt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggocococcagaaataattggecacacgaa
cattcaatggatgttttaggectctocagaggat
ggctgagtgggcotgtaaggacaggccgagaggg
tgecagtgccaacaggetttgtggtgegatgggg
catececgagcaactggtttgtgaggtgteeggtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggcocctcetggggteoccocgtoectaag
ggttgtectgtceoccagacgtcoccoccoccaacctoegte
tggaagacacaggcagatagogotogecteagt
ttecteccaceccocacagetectgetectecacce
acccagggggoggggccagaggtecaaggetaga
gggtgggattggggagggagaggtgaaacegt

coctaggtgagecgtettteocaccaggecceoegg
ctoggggtgecccacettecccatggetggacac

© Doug Brutlag 2015



DNA Methylation Differentiates Totipotent Embryonic
Stem Cells from Unipotent Adult Stem Cells

DNA methylation

Cploaine

. Pluripotent cell
SRy

= @

ctggaggtgcaatggetgtettgtectggectt
ggacatgggetgaaatactgggttcacececatat
ctaggactet aga“ggt gggtaagcaagaact
gaggagtggccccagaaataattggcaca“aa
cattcaatggatgttttaggctcoctocagaggat
ggetgagtgggetgtaaggacagg agaggyg
tgcagtgccaacaggctttgtggt#t gggyg
catdiilagcaactggtttgtgaggtgtcifigtg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggnctcutggggtccﬁtcctaaq
ggttgtectgtecagaift ccocaacctaiitc
tggaagacacaggcagat ag@get@ifcct cagt
tteteocccaceccccacagetetgeteoctecaccoe
acccaggggg‘.gggccagaggtcaaggctaga
gggtgggattggggagggagaggtgaaad'ﬂt
cctaggtgagdiit ctttecaccaggece
ct:*gggtgccc:acct tecccatggeoctggacac

Alex Meissner, Henry Stewart Talks

Methyl-Cytosine SmcC

Unipotentcell ¥ &
*‘\Uﬁ:
W N

L]

Ctggaggtgcaatggctgtecttgtectggecett
ggacatgggctgaaatactgggttcacccatat
ctaggactctagajififggtgggtaageaagaact
gaggagtggoecocagaaataattg gcaca*a
cattcaatggatgttttaggectectocagaggat
ggctgagtgggctgtaaggacagg gagdgd
tgcagtgccaacaggctttgtggtgififatgggg
catcﬂagcaantggt ttgtgaggtgtr_*gtg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggeocctectggggte cctaag
ggttgtcctgtc:agd‘ttccccaacctd.‘tc
tggaagacacaggcagat ag*t*:utcagt
tteteeccacececcacagetcectgetoctecacce
acccaggqg ggm ggccagaggtcaaggectaga
gggtgggattggggagggagaggtgaaadiiit
cctaggtgag cttteccaccaggece
c#gggtgcccacct teocecatggetggacac

© Doug Brutlag 2015



Differentiated Cells can
Become Totipotent
Nuclear transplantation demonstrates
nuclear equivalence

Briggs and King, 1952
Gurdon, 1960s

liDﬂllyH

Differentiated cells maintain
the potential to generate
an entire organism

Alex Meissner, Henry Stewart Talks
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Critical CpG Sequences in
CpG Islands Near Promoters

Genomic distribution of DNA methylation

Methyl-Cytosine

L

l? s
.,F(“(g’; : 4% of all cytosines are methylated

FF

OV 70-80% of all CpGs are methylated
n
98% of the genome <2% of the genome
1 CpGM0O0bp 1 CpG/10bp short stretches (~1000bp)
majority methylated majority unmethylated
e e : ey -
CpG islands

Alex Meissner, Henry Stewart Talks
© Doug Brutlag 2015



Organization of the Epigenome

Organization of the ‘Epigenome’

| Normal Cells
||
r - il
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Transcriptional potential
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Epigenetic Imprinting
Genomic imprinting

The unequal expression |
of the maternal and paternal alleles of a gene

-

= .-

Maternal allele . Paternal allele Maternal allele
Paternal allele

« Imprinted or marked with their gametic (parental) origin

Marisa Bartolomei, Henry Stewart Talks © Doug Brutlag 2015



Epigenetic Imprinting of H19 & Igt2 Loci

H19 and Igf2 imprinted Idcus

—Igf2 h_.’._ Q

Marisa Bartolomei, Henry Stewart Talks © Doug Brutlag 2015



Insulator Model for the
Imprinting of H19 & Igf2 Loci

Insulator model for the control of imprinted
gene expression at the H19/Igf2 locus

@ SR=mT

—

== ch:HacHarﬁc:E\
— Igf2 (8

Marisa Bartolomei, Henry Stewart Talks © Doug Brutlag 2015



Methylation Changes During Development

Methylation Changes During Mouse Preimplantation Development

Ml cocyte  Fertilized  1-cell

Sperm Egg

Maternal
Genome

Paternal
Genome

Methylation

Unmethylated imprinted allele

Marisa Bartolomei, Henry Stewart Talks © Doug Brutlag 2015
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Demethylation of the Paternal Genome

De-methylation of the paternal prdnucieus
in the one-cell embryo of mouse

Anti-m*C
antibody

Ml Ao
] | oocyiena .
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Adrien Bird, Henry Stewart Talks © Doug Brutlag 2015




Tet Proteins Modify 5-Methyl-Cytosine
Leading to Removal by DNA Repair

NH, OH NH,
P = 'i"J%O
(5-formylcytosine) R (5-carboxylcytosine) R
2 \\
(2) 4
. N\
k2
NH, NH, (1) o NH,
AID/APOBEC
=N HO N HO NH SN
| TET1 | ? | BER |
e ) — —
Ao X A o
(5mC) R (5hmC) Flz (5hmu) Fle (C) R
/ L
/ | (3) 5hmC glycosylase ik BER
MBDs ?// r_ T
4
/ N, -, 2. -
" | |
— Transcriptional Regulation |_ (5) NER J
¢, Guo et al, Cell Cycle. 2011 August 15; 10(16): 2662-2668. © Doug Brutlag 2015
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Methylation Changes During Development

e Reprogramming the DNA methylome

Embryo

= |mprinted genes
. Paternal genome

Maternal genome
CpG islands

A8 éfi ‘%j Paula Vertino, Henry Stewart Talks © Doug Brutlag 2015



Methylation Changes During Development

Reprogramming the DNA methylome

stage (B-16cels) (3284 cells)

Embryo Aging

Imprinted genes
Paternal genome

Maternal genome
CpG islands

© Doug Brutlag 2015



Methylation Changes During Development

Reprogramming the DNA methylome

Moruta Blasiocyst
stage (B-16cels) (3254 cells)

Embryo Aging Cancer

Imprinted genes
Paternal genome
Maternal genome
CpG islands

© Doug Brutlag 2015



X Chromosome Inactivation:
Barr Bodies

Barr, M. L., Bertram, E. G., (1949), A Morphological Distinction between Neurons of the Male and Female, and
the Behavior of the Nucleolar Satellite. Nature. 163 (4148): 676-7.

Lyon, M. F., (2003), The Lyon and the LINE hypothesis. j.semcdb 14, 313-318. (Abstract)

© Doug Brutlag 2015



X Chromosome Inactivation:
CG Island Methylation

De novo methylation of CpG islands
on the inactive X chromosome

1 kb

Ll

A0 V0 0TV 000000 0001640 0000000 AR TR ORGSR

B0V OO0 000000000 0000001 RO O OTAE O AR AT AT t

l Iﬁactivatlnn of one X chromosome

X|

TR AO ORI AR POE 00O OO ORI RRE AT AR A A

Xa

AR OO0 N0 000000 000 0 AR MR TR A0 ANTAO A A AR

Adrien Bird, Henry Stewart Talks © Doug Brutlag 2015



XIC Region

The XIC region on the human X chromosome

ql3.2
-
a
RPS4X  PHEKA BPX CDX4 XIST§ XPCT
Cen — 7
0 500 1000 1500 2000 2500Kb
XIC Region
- -

Barbara Migeon, Henry Stewart Talks © Doug Brutlag 2015



Characteristics XIST Gene

Characteristics of XIST

+ Located in the XIC
» [ranscribed only from the inactive X

+  20kb cDNA with no ORF, remains intranuclear,
surrounding the Barr body

« The XIC gene responsible for Cis inactivation

Barbara Migeon, Henry Stewart Talks © Doug Brutlag 2015



Xist Works in Cis

“How XIST silences the future inactive X

SED DE oUE¥IN BT SEE Expressedfrom the future Xi

T e

“PEE SR REESEE BE BE R -Coatsthe chromosome

Establishes the inactive state

ey e N a, LY . u Ty -
;.'\-_ Ll i k: f; o &2 1l
AR e H W,
4
Ty .
A B A L e R AR B e R

After Avner

' Barbara Migeon, Henry Stewart Talks © Doug Brutlag 2015



Only one X is active

—
B r

46. XX female 49 XXXXY male

[ N 1 NS TR T B
RE— .- - =

Barr bodies visualized by XIST RNA FISH

i, s s 0 gl 8 L 1 B
- e 4 ¥ - e . + &

L —
» P rs

5
f i

e e — S—— SIS —_——

Barbara Migeon, Henry Stewart Talks © Doug Brutlag 2015



[nactive X has unacetylated histone H4

Inactive X has inactive chromatin:
unacetylated histone H4

Peter Jeppesen

Barbara Migeon, Henry Stewart Talks © Doug Brutlag 2015



Female X chromosome Mosaicism
cornea, skin, cartilage & inner ear)

© Doug Brutlag 2015



Female X chromosome Mosaicism
Left and Right Retina

© Doug Brutlag 2015



Distinguishing features of Xi and Xa

Feature X1 Xa References
Barr body formation + [30]

XIST expres- + - [3-6]
sionfassociation

CpG islands methylation | - [43.44]
Methylated H3 K-9/27 I [59,61,62.65]
Methylated H3 K-4 - + [59.60]
Histone tail acetylation = i [55-58]
Elevated levels mH2A1/2  + - [69.71,72]
Elevated levels histone H1 + - [49]
Elevated levels HMG-I/Y | — [49]
Elevated levels of HP1 + [49]
H2A-Bbd presence - 4 [68]
Replication timing Late Early [94.95]

Barbara Migeon, Henry Stewart Talks
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Agouti Genes in Mice

. Agouti viable yellow (47)
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Epigenetic Inheritance

Transgenerational epigenetic

inheritance at A"
Paternal Maternal
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al. (1999) Nature Genetics, 23:314-318
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Methylation of Agouti Genes in Mice

Methylation at the A allele
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Pseudoagouti
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Reprogramming of AW Allele in Development
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Environment can Influence Epigenetic Changes

Can environment influence these processes?

They are what she ate...

Normal Diet

Modified Diet
Adding vitamin
B12, tolic acid

choline and
betaine

o By ..-"1- -]

(-

Source: Waterland & Jirtle, Mol Cell Biol (2003)
Also Wolff & Caoney Faseb J  (1998)
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Hongerwinter 1944

German’s blocked food to the Dutch in the winter of 1944.
Calorie consumption dropped from 2,000 to 500 per day for 4.5 million.

Children born or raised in this time were small, short in stature and had
many diseases including, edema, anemia, diabetes and depression.

The Dutch Famine Birth Cohort study showed that women living
during this time had children 20-30 years later with the same problems
despite being conceived and born during a normal dietary state.
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Epigenome Roadmap

http:/ /www.nature.com/ collections / vbqgtr
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Epigenome Roadmap
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Research papers
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Nature

Conserved epigenomic
signals in mice and
humans reveal immune
basis of Alzheimer’s
disease

Nature Communications

The meta-epigenomic
structure of purified
human stem cell
populations is defined at
cis-regulatory sequences

1. Annotation of the non-coding genome

Highlight referenced papers »
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regulation of lincRNAs
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3. Epigenomic changes during differentiation and

development

Kyle Kai-How Farh, Alexander
Marson, Jiang Zhu, Markus

Kleinewietfeld, William J. Housley
of al.

WViren Amin, R. Alan Harris, Vitor
Onuchic, Andrew R. Jackson, Tim
Charnecki et al.

4. Regulatory models: networks, motifs, modules,
sequence drivers and predictive models
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epigenomic datasets for
systematic annotation of
diverse human tissues
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Nature Communications

Intermediate DNA
methylation is a
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genome regulation

5. Interpreting variation: GWAS, cancer, genotype,

evolution and allelic
Highlight referenced papers »

Jason Emst, Manolis Kellis

GiNell Elliott, Chibo Hong, Xiaoyun
Xing, Xin Zhou, Daofeng Li ef al.
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Summary of Epigenetic Gene Regulation

* Patterns of DNA methylation in adult cells parallels cell fate,
chromatin structure and gene activation.

®* Most DNA methylation is removed at fertilization and re-established
during embryogenesis.

* Imprinted genes keep their parental pattern of methylation giving rise
to parental patterns of expression.

* Patterns of histone modifications parallel DNA methylation.

® Methylated gene regions are genetically inactive, highly condensed
and special histone modifications.

® Active gene regions have little DNA methylation and distinctive
histone modifications (acetyl groups and H3K4methyl).

®* X chromosome inactivation in females is correlated with extensive CG
island methylation on one chromosome, condensation, inactivation
and Barr body formation.

* Alterations in gene and CG island methylation patterns are seen in
aging and in cancer.

bl ®* Most CG islands are not methylated except for X chromosome

inactivation and tumor suppressors in cancer.
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