Genome Annotation

Ewan Birney (tweetable)
@ewanbirney
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What next?

GGGATTGAGAGTGATCACTCACGCTAACGTCTGCCCTGTTCCTGTATGGTGAGGCCGCAC
CACAAGCCACCACCGCCGCCGCCTTCTGCGCAACGCCAACCGCCCGCCAAAACGGATCCT
TCCCTGCGCCTGCGCAACCAATCTTGGGACCGGACCTTTTTTCTCCGCCCACTACGCATG
CGCAAAGCTAGGACAAACTCCCGCCAACACGCAGGCGCCGTAGGTTCACTGCCTACTCCT
GCCCGCCATTTCACGTGTTCTCAGAGGCAGGTGGAACTTCTTAATGCGCCTGCGCAAAAC
TCGCCATTTTACTACACGTGCGGTCAACAAGAGTTCATTGCAAAAAAATTGTTACCTCCT
AGCTGCTTGTCTAATACATAGTGTTAATCATGCTTTGCCAAGCGACTTGACTGTAATATT
TGCGCGTGGAAGATTAAAAAGATGTTAAACACCCAAGGTAGATTCAAATGTGAATGATTG
GTCGGTTGGCCAATCAGACTGGTTAACAATAACATTACTCGGGAACCAATGGACTCCAAG
GGGTGGAGACGGCGTAGAACGACCGAAGGAATGACGTTACACAGCAATGTGGCACCACAG
GCCAATAGCAGGGGGAAGCGATTTCAAGTATCCAATCAGAGCTGTTCTAGGGCGGAGTCT
ACCAATGCCGAAAGCGAGGAGGCGGGGTAAAAAAGAGAGGGCGAAGGTAGGCTGGCAGAT
ACGTTCGTCAGCTTGCTCCTTTCTGCCCGTGGACGCCGCCGAAGAAGCATCGTTAAAGTC
TCTCTTCACCCTGCCGTCATGTCTAAGTCAGAGGTGAGTTAGGCGCGCTTTCCCACTTGA
ATTTTTTCCTCTCCCTTTCCTGAATCGGTAAGATGCTGCTGGGTTTCGTTCCTTGCACCA
GCCCATTCTACAGTTCCTTCGGTCGCTGCCACGGCCTACCCCTCCCAAAGTTCAAGTCGC
CATTTTGTCCTCTTGATCGCCATGAGGCCGCTCTCCGCCAACCATGTGTTATCATGCGGG
ACTCGTTACTCGTAGCAAAATTCTTAGGCACACAGGATCTTTGTCTTTTTTTAAACCTTG
CCTTGGTGAGCGAGTTTTCTAAAGAGCGATTAGTCCCATTGTGGAGATGCACCCCTACCG
CCCAAGCCTTTGTTGCGCGTGCGTCGGAAGGCGACTAGGGACGCATGCGCTTGCGATTTC
CTAGCACTCCCAACTCCAGCATACGGCCTCCCTTGATAGGCAGAAGCACGTGTCTTGTTG
CGACCTGAACGAACAATAAGTGCTAGGTACACAGTTGGTGTCTAGTTTTTCTTTTCCTCG
ATGGAAATTGTTTCGTGTTGTAGCCCATTTAACACTTCCCCCTCCCCCCACTCTAGTCTC
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The ultimate biological index

All biological molecules are
encoded in some manner in
the genome

...as Is cellular response

...as Is development
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Genome Annotation

I — Genome
= Nm m Gene Structures
A A A A Variation

Transcription Factor
Binding,
Chromatin States
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Generation, Integration, Annotation

Generate Integrate Annotate
High quality data Provide initial labeling
Good data stds Understand (a bit more...)

Public availability(!)

Map to genome sequence
Make non redundant
Call
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HUMAN GENOME PROJECT

A Strategy for Sequencing the
Genome 5 Years Early

In meetings over the past 6 weeks, two re-
spected gene sequencers have been deliver-
ing a startling message: The chief goal of the
Human Genome Project—obtaining a com-
plete sequence of the 3 billion bases in hu-
man DNA—can be achieved as early as

2001, 5 years ahead of schedule. What is

tion would lead to a breakthrough that would
sharply cut the cost of obtaining sequence
data. But that hasn’t happened.

Now, Waterston and Sulston are arguing
that instead of waiting for the ideal technol-
ogy, it is time to move pragmatically into the
final phase of the program—sequencing the

more, they say, it can be
done without any fancy new
technology. The two opti-
mists—John Sulston, direc-
tor of the Sanger Center in
Cambridge, United King-
dom, and Robert Waterston,
director of the Genome Se-
quencing Center at Wash-
ington University in St.
Louis—have sketched a plan
that they think could deliver
the Holy Grail of genomics
for $300 million to $400 mil-
lion over 5 years. The U.S.

Full speed. John Sulston (left) and Robert Waterston have been floating
to shift into high gear on sequencing, using current technology.



Human Genome Sequence in INSDC

3500 -
CSH 2000 —>
3000 - ca. 35,000 genes J
predicted ]
2500 -
n
O
2 il ¢
8 2000 - Draft
m —
o)
() 1500 - I
=
1000 -
y
500 | CSH 1999 ——
. Finished

EMBL-EBI



Ensembl (circa 2001!)
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Web Site Contig view

Click on a contig in the map below to view more detail or a transcript to see exon data and
supporting evidence
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Detailed Contig View : AP000869.00010

This is a detailed view of the contig selected in the map above (highlighted with a green border)

Click a gene in the contig display below to view detailed gene information
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Estimated number of genes

* Chromosome 22

- 549 + (~100) genes

* 1.1 % of genome

- 50,000 genes (59,000)
* Chromosome 21

« 225 genes in Chr21

* 1.1 % of genome

- 20,500 genes
° Ensembl

+ 38,000 genes
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Distribution of bets for the number of protein
coding genes (2001)
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True Answer, 21,000 — 22,000
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Variation

Generate Integrate Annotate
SNP Consortium Frequency, LD
Perlgen VEP, VAAST
HapMap

1,000 Genomes

dbSNP RefSNP
1000 Genomes Pipeliens
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TFs and Chromatin

Generate Integrate Annotate
ENCODE ? Chromatin State
Epigenome Roadmap 4C/5C Experiments?
IHEC

Individual Studies

ENCODE/Epigenome Pipelines
Ensembl Regulatory Build
RegulomeDB
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ENCODE

EMBL-EBI



: i85 ENCODE Dimensions
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A consortium effort...

11 Main, multi Site groups
~50 Laboratories in total

Steve Landt @Stanford
Alexias Safi @Duke

10 additional groups =
30 “lead” Pls

~410 Authors on the main
Paper

6 “high profile” papers
~25-30 companion papers

Kate Rosenbloom@UCSC Jen Harrow @Sanger
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Anshul Kundaje, Qunhua Li, Michael Hoffman, Jason Ernst, Joel Rozowsky, Pouya Kheradpour
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Irreproducible Discovery Rate (IDR)

Ben Brown, Qunhau Li, Peter Bickel

If one re-ran the experiment, what is the probability one
would observe the same element at this rank or better

Uses ranked element lists from two replicates, and makes
the assumption that there is noise at the bottom of the rank
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Raw genome coverage of elements

Element Type Cumulative Coverage

Region
; g

Chip-seq bound motifs 4.5% 5%
DNasel Footprints 5.7% 9%
Chip-seq bound regions 8.1% 12%
DNasel HS regions 15.2% 19.4%
Histone Modifications (*) 44% 49%
RNA 62% 80%

(* excluding broad marks)

Bound Motif/
Footprint

(Union over all experiments and cell types)
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Saturation

Steve Wilder
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Evenly spaced over the genome

A e

99% of the genome is within 1.7 KB of a biochemical event

95% of the genome is within 8 KB of a bound motif or footprint
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a H3k9ac: upstream exon
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Discovering functional genome segments

Michael Hoffman, Jason Ernst, Bill Noble, Manolis Kellis
Well understood:
L A PR TSS, Gene Start,

Reassuringly Interesting
“Enhancers” (2 states)

e Insulators
5 GHin usim .
RS ! . Definitely There, Unexpected
EE‘; G%%E%é{é III | I I I | I | III 11 III I I I A | III \l Ill SpeCifiC Gene End

25 “elaborations”
1,000s of details
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With Wittbrodt Lab, Heidelberg

[ strong positives, 6 negatives from Segmentation, 3 Blood

2 strong posmves 4 weak, 5 negatives from Naive picks
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Functional SNPs

Belinda Giardine, Marc Shaub, Ross Hardison, Mike Snyder, John Stam.

Genome Wide Association Linkage ENCODE Functional
Studies (GWAS) Results Disequilibrium Region

/\
S B -

Reported SNP fSNP
Statistically associated v Associated with the phenotype
with the phenotype v In a functional region
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Functional SNP - Direct Hit

Genome Wide Association ENCODE Functional
Studies (GWAS) Results Region

I

fSNP Direct Hit

v Association reported in a GWAS
v’ In a functional region

27 EMBL-EBI




Direct hits

Ross Hardison, Belinda Giardine, Marc Schaub

1.3/1.2 enrichment
vs matched null.

O
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e Genotyping Array

1,000 genomes
69 CG Genomes

-&-

DNasel peaks TF

Fraction of SNPs that overlap feature
o
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Ross Hardison, Belinda Giardine

Example locl

Human Feb. 2009 (GRCh37/hg19) chr5:39,274,501-40,819,500 (1,545,000 bp)

e chrs: 39500000 40000000 40500000
PTGER4 H
Co HHH TTC33 H
DABZ - OSRF e

BC026261 | PRKAAT #H
GWAS Catalog | | |

— chr5:40,390,001-40,440,000 (50,000 bp) \
® Crohn’s disease rs4613763 rs17234657 rs11742570 rs6896969 rs1373692 rs9292777

ulcerative colitis r ? f rsi 9;2660 ? ? ?

® multiple sclerosis
rs6451493 |
HUVEC GATA2

TFs HUVEC cFOS | l I I J

HUVEC Input

_— ——

- il .

il - .

HUVE
HVEe Y G G

Jurkat - X - I “ o . AL ‘“":“‘

e

DNase | A .
Th1 ‘
— i — = — - e e e em _______1..‘.. _

Tha — JA,__LML.‘___AL;_______._ o A R
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Organisation+Access for the data
wwww.encodeproject.org (UCSC)

ENCODE

N Encyclopedia of DNA Elements

Data

Search

Downloads

Genome
Browser
(hg18)

Genome

UCSC

About ENCODE Data

The Encyclopedia of DNA Elements (ENCODE) Consortium is an international collaboration ¢
Research Institute (NHGRI). The goal of ENCODE is to build a comprehensive parts list of fun
that act at the protein and RNA levels, and regulatory elements that control cells and circumstan:

ENCODE data are now available for the entir
available for immediate use via :

o Search for displayable tracks and down

Genome Browser

Window Poston Wt Feb 2009 (GRCHa7/g19) Ghrl 214 43107-214.452,751 (1 661 bg) B
o] 21ag2000] araagsn] E ]
15115195557 1s55760458] 15115978880 | 151134647 1512038326 i 132,776,000 132,777,000 132,778,000 132,779,000
792168 | WIS 8127253 sTs91|
il TS| rssaess|
m I ALa3
]
{lm: - < $TX]
il s e protein coding
CareE;ll lence 17‘8
22/22 feaures tumed or
| I I BATF —
612878 1 ‘ ‘ CTCF =
Gh12878 1 DNasel *
| i — I— e
HIFNESC HMM lit I .'h
HepG2 HMM li Nrsf *
HYEC HIM it
HSM UM 7
Core Support GM12878
HUVEC HMM lit |
K562 HMM It 148
NHEK HM i A
|| N HMiR i
Ton Factar P ] I A \‘
- - p i 2
GM12676 EBF1_(SC-1 000
l o —_— — %GC. VI T ——
2964 ] WAV VI AT STV TAT W AL
LU strand 7

“Factorbook”

FactorBook,

Raw Data in GEO/SRA
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Ensembl Regulation

* Integration over ENCODE, NIH
SEREE A Epigenome Roadmap, IHEC, some
individual lab

*  “Experiment”, not per-replicate level

o T _ view, only QC passed data

1= * Progressive integration into “one
s d[\ track” on the genome

_— * Integration into VEP - variant effect

™ predictor (with SIFT and POLYPHEN

as well!)
«— * Future:
* Linking of genes to regulatory

%GC

e element, Linking of tfs to
e — phenotypes
___ * Ensembl workshops (we come to
you)
* Ensembl course (you come to us)
\\\ * helpdesk@ensembl.org

EMBL-EBI




And... just for fun...




Over a beer...

Ha! At some point all the data we
Store is going to be DNA...

Of course, the cost effective way
To store this would be as DNA...

,/e
EMBL-EBI



binary/text file

e, i

[ .. .Tholl art more lovely and more Cemperate... ]

B base-3-encoded
[

. ..2011220200021101000202212011 121010110221 02212!

C DNA-encoded

. . . TAGATGIGTACAGACTACGE GCAGE GACATCGACTCGOAG TG

alternate fragments
have file information

D DNA fra% ments /revelse complementzd

DNA-encoded indexing

Figure 2 | Digital information encoded in
DNA. Digital information (A, in blue), here
binary digits holding the ASCII codes for part
of Shakespeare’s sonnet 18, was converted to
base-3 (B, red) using a Huffman code. This in
turn was converted in silico to our DNA code

‘This figure is purely
diagrammatic. The two
ribbons symbolize the
t1wo phosphate—sugar
chains, and the hori-
zontal Tods the pairs of
bases holding the chains
fogether, The vertical
line marks the fibre axis

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumptions, namely, that each
chain consists of phosphate di-
ester groups joining B-p-deoxy-
ribofuranose residues with 3/,5”
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. Both chains follow righi-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg’s? model No. 1; that is,
the bases are on the inside of
the helix and the phosphates on
the outside. The configuration
of the sugar and the atoms
near it is close to Furberg’s
‘standard configuration’, the
sugar being roughly porpendi-
cular to the attached base. There

(C, green), with no homopolymers, which formed the basis for a large number of overlapping
DNA segments each containing 100 bases of encoded information (D, green or, with alternate
segments reverse complemented for added data security, violet) and with orientation and
indexing DNA codes added (yellow, as described in the text). These strings were
synthesised, sequenced and decoded. E, A digital photograph of the EMBL-European
Bioinformatics Institute (JPEG 2000 format) and F, an extract of the Watson and Crick
(1953) paper'® (PDF format) that were among the files encoded in DNA and successfully

recovered in this study.
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Cost effective?
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Relative cost of DNA-storage writing:
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Infrastructures are critical...
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ELIXIR's mission

To build a sustainable

European infrastructure for

biological information,
supporting life science
research and its
translation to:

[ society ]

[environment}
[ bioindustries J

[medicine}

EMBL-EBI




Robust network with a strong hub Node

BILS: HPA “Domain
Specific hub”

4 ____________________ “National”

SIB:
UniProt Collab,
SwissModel etc

. Robust

Central Node
(EBI)
Transnational

CRG Provides
EGA collaboration
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Research Healthcare

International National

EBI / Elixir Healthcare

English National Language
Low legalities Complex legalities

EMBL-EBI



Other infrastructures needed for biology

° EuroBiolmaging
» Cellular and whole organism Imaging

° BioBanks (BBMRI)

* We need numbers — European populations — in particular for rare
diseases, but also for specific sub types of common disease

* Mouse models and phenotypes (Infrafrontier)

* A baseline set of knockouts and phenotypes in our most tractable
mammalian model

* (it's hard to prove something in human)

* Robust molecular assays in a clinical setting (EATRIS)

+ The ability to reliably use state of the art molecular techniques in a
clinical research setting




Questions?

(you can follow me on twitter @ewanbirney)
| blog and update this on Google Plus publically

EMBL-EBI is funded by the 20 member states of EMBL,
Wellcome Trust, European Union FP7, NIH, BBSRC, MRC
and over 20 other funding agencies
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