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Nucleus Mitochondrion

Cell’'s control center Produces energy for cells to use
by b«eokir§ down substances

during oxidative metabolism,

DNA _

%gntoins coded informongn GO'gI complex

that passes on every sin Collect k d
inhetFi);ced choroc!erizric. 2 digﬁ%?ésp:g&%egson

made in the cell.

Endoplasmic reticulum

Smooth and rough tubes that
move and store materials

Ribosome

g —RREVAER A BIE

mode by the cel. roleins produce
chemical messages
that run a cell. NI
lysosome X 36;'313
Where digestion of cell
nulrients ,3535 place. Vacuole
Storage area from fats
and other subslances.
Cytoplasm

Jellylike fluid between cell
membrane and the nucleus.
This is where all the organelles
(litle organs) are found.

Peroxisome

Vesicle that conlains
enzymes that carry out
particular reactions, such

as detoxilyi ntiall
harmful mzllgcgu?e?f £

Cell membrane
Made up of a double layer of fatty material. It

allows some materials to pass into and out the cell at Centriole

thousands of places across the surface. It allows foods Ti i . ivi
lo pass info th?e cell and waste 1o pass out of the cell. gl g e els.
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EPIGENETIC MECHANISMS

are affected by these factors and processes:
* Development (in utero, childhood)
* Environmental chemicals

* Drugs/Pharmaceuticals
* Aging

gj METHYL GROUP

ST

/ DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate or repress genes.

o8

%)

HEALTH ENDPOINTS
* Cancer

* Autoimmune disease

* Mental disorders

* Diabetes

EPIGENETIC

‘ FACTOR

J /

D (

Histones are proteins around which | HISTONE
DNA can wind for compaction and
gene regulation.

HISTONE TAIL

DNA inaccessible, gene inactive

HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around

histones and the availability of genes in the DNA
to be activated.
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main components of the human genome  BIGIGERERZE /L]

LTR retrotransposons 8%

DNA transposons 3% SINEs 13%

simple sequence repeats 3%

segmental
duplications 5%

miscellaneous LINEs 20%

heterochromatin 8%

protein coding
genes 1.5%

miscellaneous
unique sequences 12%

YYINNVBZA—T1J
introns 26% LTW3EEZ EnF)
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human
MAMMALS l
BIRDS
REPTILES
frog newt
AMPHIBIANS I |
Fugu zebrafish shark
FISHES |

CRUSTACEANS

Drosophila

INSECTS |

MOLLUSKS

Arabidopsis rice wheat lily
PLANTS | | I I

NEMATODE WORMS
yeast
FUNGI I
ALGAE
Amoeba
PROTOZOANS l
Carsonella ruddii E. coli
I I BACTERIA
ARCHAEA
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PAM
sequence

Matching genomic
sequence

Genomic DNA ,
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Targeted genome editing

U Bacterial cells

Zebrafish

Human cells
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main components of the human genome

LTR retrotransposons 8%
DNA transposons 3% SINEs 13%

simple sequence repeats 3%

segmental
duplications 5%

LINEs 20%

miscellaneous
heterochromatin 8%

protein coding
genes 1.5%

miscellaneous
unique sequences 12%

introns 26%

. Protein coding genes 1.5%

. Others 98.5%
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Mitotic chromosome

Histone modification
Nucleosome

Mitotically
retained
TF Foci
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Methylated DNA '
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Chromatin

79
: DIET ® Cell ‘_;,,ﬁ.,,',;-,z,.:ﬁ,;:',:;,,’\i,"o.\,"{{;,
\GING L SN
AGING . RS

Ne LIFESTYLE

-

'.\

ENVIRONMENT
NUTRITION

How do we change our epigenome to combat aging and disease?

- Our epigenome is a set of chemical instructions that act on top of the genetic code (DNA sequence) to alter gene
expression. The Denu group is studying how diet, lifestyle and aging affect our epigenome with the goal of understanding
how we can change our epigenome to improve health outcomes.
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Correlation with
— _ Transcription rates

Histones _ -——ol - -
ACH3/H4 ¥ +
H3Kdme1 . .. -]+
HAK4me2 T +
W —— +
H3K36me2 5 7 - -/+
H3K36me3 _ ol +
H3K79me __ i -/+
_B ACTIVE
H3KSme [ -]+
. . INACTIVE
8420 — +
H2aub1 L BB | =
Histone Sumo T— =

Lie. al. (2007) Cell 128, 707
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Mutations in ATRX gene, hypomethylation of certain repeat and satellite
sequences

]

B T T

oooooooooooooooooo

R e L L ]

oooooooooooooooooo

-----------------

Fragile X syndrome Chromosome instability, mtellectual disabilities Expansion and methylation of CGG repeat in FMR17 5" UTR, promoter
methylatlon
ICFsyndrome Chromosome instability,immunodeficiency DNMT3b mutations, DNA hypomethylation
Angelman S syndrome ........ Intelleotualdlsabrlmes ............................................... [;ereéulatron ofoneormorelmpnnted genes.gt”qsm 1- 13 (maternal)
Prader—erll syndrome Obesrty mtellectual drsabllltles " Deregulatlon of one or more |mpnnted genes at 15q1 1 13 (paternal)
BWS ............. Organovergrowth .................................................. Dereg o ofoneormorelmpnnted genes'e't"; 1 p1 =k (e >
= syndrome e e
Thalassaemra(onecase) .......... A naemra .................................................................................................. Methylatlonof a29lob|n CpGlslanddeIetlon ofHBAIandHBOI ............
e Mlcrosatellltelnstablhty ........................................................................ o novomethy Y T S
............................................................ Drsruptlonobep53pathwayuncontrolledprollferatlonDenovomethylatronofvanousgenepromoters
e JSTUPION Of SWESNF chromati remodeling complex  Mutations nSNFS,BRGT.BRM

Overexpressmn of IGF2 snlencrng of CDKN1C

Loss of |mpr|nt|ng

Leukaemia

Drsturbed haematoporesrs

crsestne

Chromosomal translocations mvolvrng HATs and HMTs

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------

Coffin-Lowry syndrome

----------------------------

Intelleotual dlsabllmes

----------------------------------

Mutatron |n Rsk 2 (histone phosphorylatron)

oooooooooooooooooo
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Large DNA

molecule .
Fragmentation /

[— [ —
Sequenced — G G
——— ——
———————
Assembly of CATACACGTAGCTATACG
overlapping GTTACAGTGCTGCATA

DNIETL S o CTATCAGGCTACGTTA

Assembled
sequence

GCTATCAGGCTACGTTACAGTGCTGCATACACGTAGCTATACG
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Library Preparation

Input DNA Fragmentation

Bridge PCR I
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Representation of Base Calling From Raw Data
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ENCODE Comparative Epigenome
Roadmap

ENCODE
nature

The Human ENCODE
(Genome Project Pilot Production
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1000 Genomes 1000 Genomes GTEXx

Worm
Genome ModENCODE Pilot Phase 3
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Hypersensitive CH,CO (Epigenetic modifications)
sites x‘ / ) /T)W
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Computational
DNase-se
: ChIP-seq predictions and RNA-seq
FAIRE-seq
RT-PCR
« ‘f Y 5> Gene »,' Transcnpt
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Long-range requlatory elements
(enhancers, repressors/
silencers, insulators)

cis-regulatory elements
(promoters, transcription
factor binding sites)
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DNA-binding protein ChiP-seq

Crosslink proteins and DNA

’
) Ve

Sample fragmentation
o Sonication
o Endonuclease (ChiP-exo)

'

/

Immunoprecipitate and

purify DNA
pT7’AA..M --- .\
.17 AA.AA-pT7

Amplify, if few cells
o LinDA

DNA library creationand
sequencing

T 45 /) LEERA

Histone modification ChiP-seq

Crosslink proteins and DNA

.
n’

Sample fragmentation
o MNase digestion

'
i’

Immunoprecipitate and
purify DNA

/

-
Amplify, if few cells
o Nano-ChIP-seq
o LinDA

V

DNA library creation and
sequencing

DNase-
7
7
Sample fragmentation
o DNasel digestion

Add biotinylated linkers
and extract

\J

DNA library creation and
sequencing

seq
i“ i“/ e
/

FAIRE-seq

Crosslink proteins and DNA
I

Sample fragmentation
o Sonication

Phenol-chloroform extraction of DNA

DNA library creation and
sequencing

ATAC-seq

T

Sample fragmentation and
add sequencing adapters
o Tn5 Transposase

) We /

Purify fragmented + tagged DNA
and PCR-amplified DNA

DNA library creation and
sequencing
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~ Common SNP Read View x

>

GMIAK1 :: ID : rs2909430, Reference C, Allele T, Position chr17:7519370 v

Reference AAGTGAACAGATAAAGCAACT GGAAGACGGCAGCAAAGAAACAAAQTG-GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA
GMI_1864715162(+) TGGMGACGGCAGCAAAGMACAMCATG-GT AAGC

GMI_813006088(+) TGGAAGACGGCAGCAAAGAAACAAACATG.GT AAGC

GMI_1079100245(-) GAAGACGGCAGCAAAGAAACAAACATGIllGTAAGCAC

GMI_2159545344(+)
GMI_1776483420(-)

CAAAGAAACAAACATGIGAAAGCACCTCCTGCTACC
AAGAAACAAACATGIGTAAGCACCTCCTGCAACCCA

GMI_2093120226(-) AAGAAACAAACATGIlGTAAGCACCTCCTGCAACCCA

GMI_2204137276(-) AAGAAACAAACATG I GTAAGCACCTCCTGCAACCCA

GMI_594634658(-) AAGAAACAAACATGlGTAAGCACCTCCTGCAACCCA

GMI_878606194(-) AAGAAACAAACATGIGTAAGCACCTCCTGCAACCCA

GMI_1463224112(+) AGAAACAAACATGIGTAAGCACCTCCTGCAACCCAC

GMI_1385601163(-) ACATGllGTAAGCACCTCCTGCAACCCACTAGCGAGC £
GMI_2247152549(+) TGl GTAAGCACCTCCTGCAACCCACTAGCGAGCTAG

GMI_2552461258(+) MACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGGGAGAGTTGGCGTCTA

GMIAK4 :: 1D : rs2909430, Reference C, Allele C/T, Position chr17:7519370

Reference AAGTGAACAGATAAAGCAACT GGAAGACGGCAGCAAAGAAACAAACATG.G’T AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA
GMI_661419350(+) AAGTGAACAGATAAAGCAACT GGMGACGGCAGCAAAGAAACMACATG.GT AAGCACCTCCTGCAACCCACCA

GMI_661419351(-) MGTGMCAGATAMGCAACGGGMGACGGCAGCAMGMACAAACATG-GT AAGCACCTCCTGCAACCCACTAGCG

GMI_651419352(-) AAGTGAACAGATAAAGCAACT GGAAGACGGCAGCAMGAAACAMCATG.GT AAGC

GMI_661419354(-) AAGTGAACAGAAAAGGCAACGGGAAGACGGCAGCAAAGAAACAAACATAIIGTAAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCT
GMI_661419355(+) AAGTGAACAGATAAAGCAACT: GGAAGACGGCAGCAAAGAAACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA
GMI_661419356(+) AAGTGAACAGATAAAGCAACT GGAAGACGGCAGCAAAGAAACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGGTGGCGGCCA

GMI_661419357(-) GAACAGATAAAGCAACT! GGAAGACGGCAGCAAAGAAACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGC

GMI_661419358(+) GATAAAGCAACT GGAAGACGGCAGCAAAGAAACMACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAG by

GMI_661419359(-) AAGCAACTGGAAGACGGCAGCAAAGAAACAAACATGIGTAAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAG

GMI_661419362(-) CAGCAAAGAAACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA

GMI_661419363(-) CAGCMAGAAACAMCATG-GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA

GMI_661419364(+) AGCMAGAAACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA

GMI_661419363(+) AGCAAAGAAACAMCATG.GTAAGCACCT CCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA

GMI_661419366(+) AACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA
GMIAKSG :: 1D : rs2909430, Reference C, Allele T, Position chr17:7519370

Reference AAGTGAACAGATAAAGCAACT GGAAGACGGCAGCAAAGAAACAAACATG. GTAAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA

GMI_691691054(-) AAGTGAACAGATAAAGCAACTGGAAGACGGCAGCAAAGAAACAAACATGIIG
GMI_691691056(+) AAGTGAACAGATAAAGCAACTGGAAGACGGCAGCAAAGAAACAAACATGlGTAAGCACCTCCTGCAACCCACTAGCGAG
GMI_691691058(+) AAGTGAACAGATAAAGCAACTGGAAGACGGCAGCAAAGAAACAAACATGIGTAAGCACCTCCTGCAACCCACTAGCGAGCTAG

GMI_691691059(+) TAAAGCAACT GGMGACGGCAGC‘MGMACMACATG-GT AAGGACCTCCTGCAACCCACTAGCGAGCTAGAGAG
GMI_6591691060(+) CAACT! GGAAGACGGCAGCAAAGAAACAAACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA
GMI_6351691061(+) CcT GGAAGACGGCAGCAAAGMACMACATG.GT AAGCACCTCCTGCAACCCACTAGCGAGCTAGAGAGAGTTGGCGTCTA

Close
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Dynamically and epigenetically coordinated GATA/ETS/SOX transcription factor expression is
indispensable for endothelial cell differentiation
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