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Epigenomic analysis detects widespread gene-body DNA
hypomethylation in chronic lymphocytic leukemia
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DNA methylation is a major mechanism in cell differentiation and
neoplastic transformation*=7. The epigenetic modifications contribut-
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Here we perform whole-exome sequencing of sample
105 individuals with chronic lymphocytic leukemia (¢
the most frequent leukemia in adults in Western coun
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' REgé RH Chimeras taking shape: Potential functions of proteins
encoded by chimeric RNA transcripts
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GENCODE: The reference human genome annotatic
for The ENCODE Project
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[ Avcetoos | ENCODE Project Writes Eulogy for Junk DNA
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An integrated encyclopedia of DINA B
elements in the human genome

iystems Biology Group, National Centre for Biotechnology
P . % ore
The ENCODE Pro]em Consortium ser Research Centre (CNIO), C/Melchor Femndndez Almagro 3,
3il: valencia@cnio.es

The human genome encodes the blueprint of life, but the function of the vast majority of its nearly three billion bases is
unknown. The Encyclopedia of DNA Elements (ENCODE) project has systematically mapped regions of transcription,

transcription factor association, chromatin structure and histone modification. These data enabled us to assign given proteome (‘interactome’) is the

‘ms Biology. Separately the prediction

biochemical functions for 80% of the genome, in particular outside of the well-studied protein-coding regions. Many is a wellestablished scientific area.
discovered candidate regulatory elements are physically associated with one another and with expressed genes, action partners. We provide a proof of
providing new insights into the mechanisms of gene regulation. The newly identified elements also show a statistical e tinalnown interactare in

correspondence to sequence variants linked to human disease, and can thereby guide interpretation of this variation.
Overall, the project provides new insights into the organization and regulation of our genes and genome, and is an
expansive resource of functional annotations for biomedical research.

95% of the genome lies within 8 kilobases (kb)
of a DNA-protein interaction (as assayed by
bound ChIP-seq motifs or DNase I footprints),
and 99% is within 1.7 kb of at least one of the
biochemical events measured by ENCODE.

The human genome sequence provides the
underlying code for human biology. Despite
intensive study, especially in identifying
protein-coding genes, our understanding of the
genome is far from complete, particularly with
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Main research lines

* Molecular Simulations

 Alternative Splicing

* Genomics from HiSeq

» Genetic basis of complex disseases

» Software development



Protein Structure MoDEL: Molecular Dynamics Extended Library

Loty = httpilimmb.peb.ub.esiMODEL
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http://mmb.pcb.ub.es/MoDEL

Strip Hydrogens

4

Assign Residue Types

4

Contains unknown ligand?

-1 Generate Ligand Parameters

add new ligand

Reside & Ligands
Charges DB

Strip Bulk Waters

A

Strip Monovalent lons

h 4

Add Sulfur Bridges

h 4

Add Missing Atoms / Add Charges

v

< Sander ><—> Minimize
v

Neutralize
CMIP v

Determine Protonation

v
Unified PDB

Entry

Unified PDB

Dertermine Box Size & Number of
tLeap
Waters
v
Neutralize
CMIP v

Add Structural Waters (30 first ones)

v

Box Waters

“Titrated” PDB

SANDER (AMBER)

‘ Solvent Minimization

—{ RESTRAINT on protein

A

‘ Warm up the waters until 300K

}—[ 40 ps

!

‘ Lower down restraints on protein

—| 20 ps - K=25 Keallmol-A2

v

‘ Restraint just in backbone

v

‘ Keep lowering down restraints

—[ 20 ps - K=1 Kcalimol-A?

!

‘ Without restraints

P
}’—[ 20 ps — K=10 Kcal/mol-A?
P
P

—‘:100 ps

Equilibration

Parmtop &
Coordinates




NAFlex: A web server for the study of Nucleic Acids Flexibility.

Analysis & Visualization

* Input Trajectory:
crd, ded, netedf, xtc, binpos :
| : A » g

Cartesian Analysis

\ Helical Description
Principal Component Analysis

All-Atom ~ Sélﬁ‘ness :m;lys.is

~Molecular Dynamics nergy Analysis

NMR Descriptors

Coarse-Grained Dynamics:
Mesoscopic Elastic Model

N Ar'th. scster 0o i Nucleic Acids Flexibility
FEE o Worm-Like Chain Model O —
AmberTools i P s
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GROMACS- Dynamics Simulations = o ‘ u

Input Structure:
PDB
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3D Structure Generation

B-DNA,A-DNA,A-RNA
User defined Nucleic Acids

NA From Helical Parameters G ATTACC A
Coarse-Grained Models




Predicting SIRNA efficiency
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Speed-up by a factor of 1000



1URP.pdb - NMA

Chained correlations

Residue: |S0 Search width: |3 Search depth: |10 Threshold: [0.97 RMS type: ’ Gaussian

Residt

s

0

1

»

T

15 X 260

Rasidue rumber

The peak constant corresponds to residue 125 with value 13002.110352

Residues in the top 20% are: 125, 157

Dynamic domain detection method

Movement by normal mode 1. Gaussian RMS applied

Jmol

Residues in each cluster:

Cluster 1: 102, 103, 104, 105,106,107, 108,109, 110,111, 112,113,114, 115,116, 117,118, 119, 120, 121, 122, 123, 124, 125,
126,127,128,129, 130,131, 132,133,134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,146, 147, 148, 149, 150, 151,
152,153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169,170,171,172,173,174,175,176, 177,
178,179,180, 181,182,183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211,212,213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229,
230, 231, 232, 233, 234, 235, 236, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270

Cluster2:0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53, 54, 55, 56,57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73.74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,90,91,92,93,94,95,96,97,98,99, 100, 101, 237, 238, 239, 240,
‘2'41 . 242,243,244, 245,246,247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260

Residue number

Residue number
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Prediction of protein interaction sites from

protein family sequence analysis

GABT MOUSE - EC 261,
GABT_PIG -EC2.8.1.19
GATA_SCHPO - ECI2.6.1.19

AGTZ_HUMAN
AGTZ1_ARATE -
AGT22_ARATE
AGTZI ARATE -
ARGD YEAST -
ARGD SCHPO -
ARGE ALNGL

GATA YEAST - EC:2.6.1.19
-ECZ6.1.44 |8

EC:2.6.1.44

-EC:261.44

ECE26.1.44
EC26.1.11
EC2.8.1.11

- EGCi2.8.1.11

BGYANTSL
[

OAT_YEAST
OAT_SCHPO

o
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o
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COAT_PLAYO
OAT_PLAFD
OAT_HUMAN
OAT_DROME
OAT DROAN
OAT VIGAC

GSA_CHLRE
GSA_SOLLC
GEA_HORWU
GSAT_ARATH -
G3A2 ARATH -

-ELZET.TS
-EC:2.6.1.13
- EC:206.1.13
-EC:2.6.1.13
-EC:2.6.1.13
-ECI26.1.13
-ECI26.1.13
-ECi268.1.13
-ECi2.68.1.13
-EC:5A38

-EC:54.38

-EC:54.38

EC:54.308
EC:T.4.3.8

GEWLPal |
GEWGFPALlC
CEWGFALI
CEWGFALI
GEWGFAL

GEWGFAL

Correspondence analysis of multiple
sequence alignments to identify sequence
groups and associated significant residues

(SDPs)

human ornithine aminotransferase
(PDB loat) bound to Pyridoxal-5'-
phosphate (red spheres). The two
subunits of the complex are shown in
brown cartoons and grey surface. Key
predicted residues (SDPs) in
yellowl/violet spacefill and green
surface respectively.



Predicting interaction networks

Detecting
Evolutionary Similarities

Contrast function

RAMKED LISTS OF PROFILE
CORRELATIONS DEPENDEMCES

Partial Correlation between ON THIRD PROFILES
profiles of & and K
alding constant the

SET OF TREES OF
NON-AMBIGUOUS GROUPS
OF ORTHOLOGUES FOR
THE REFERENCE PROTEOME

rofile of N H-L
£ E ELE {a]
e
[ A~ I C&
E,.I’. Elr'l C AL
LA-K
5
* N =
mEE-;L'!_;I;El L:I;!LITIES * INFLUENCES OF ALL B,
THIRD PROFILES OMN EACH
(TREE-TREE CORRELATION) PROFILE-FROFILE
CORRELATION
Co-evalutionary LATION)
/ profile of K
K N RAMNKED LISTS OF PROFILE
A RRELATIONS SPECIFICITIES
K K \
Cofelation betweaen Camelation between
tHees of A and K * co-evelutionar
profiles of & and K
] MO

LL VS ALL CO-EVOLUTIONAR
PROFILE SIMILARITIES

(PROFILE-PROFILE CORRELATION)

fen partial correlation value —
each pair of correlating profiles — Tio

* Correlations with p-values < 10E-5



HT docking: all against all protein docking. 56 unbound proteins

against a benchmark of 633 proteins producing 20,000 models for
each one of them (total of more than 700 M models)

Backaround set

unbound !
receptor ‘

E o

Benchmark

set
unbound

ligand

Docking protocol with HEX

[ Complex 1

| Maxtel 20000

e —— Mot | -158.60
Model 2 -178.80
-08.45

Soowd *‘A Comolex 2
e Moded 1

24187

{

Moded 2 21706
Model 20000 | -#9.16
Complex 3
Wodel 1 o819
Model 2 367.28
|| model 20000 -227.98

\ E I .41! 7:|
:i Modded 2 “395.71

23725

A |

Prediction of interaction partners by
statistical analysis of the distribution
of the docking score for the whole
collection of models generated

f
( |
- /i | ' |

T 1
AL0 300 J00 100 L
docking score

HEX only surface complementarity
(same results with other packages)



In the past few

Alternative Splicing a

years, it has become
In allowing for the generation of a diverse range of mature clear that a
RNAs from the same gene, alternative splicing allows has phenomenon called
considerable theoretical potential to expand the range of alternative splicing
cellular proteins. is one reason human
genomes can
Recent studies estimate that 40-80% of multi-exon human produce such
genes can produce differently spliced mRNAs. complexity with so
few genes.*
There are many studies that implicate alternative transcripts /

in biological processes such as development.
*Science, July 2005

This has lead to the hypothesis that alternative splicing

can explain the apparent lack of correlation between

organism complexity and numbers of genes.

Internal Substitution

C Internal splicing

Internal Deletion
C-terminal Substitution

C-terminal splicing
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The implications of alternative splicing in the
ENCODE protein complement
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LETTERS

m Transcriptome genetics using second generation
sequencing in a Caucasian population

Stephen B. Montgomery?", Micha Sammeth®, Maria Gutierrez-Arcelus!, Radoslaw P. Lach?, Catherine Ingle?,
James Nisbett?, Roderic Guigo® & Emmanouil T. Dermitzakis™2"

Using Flux, CRG group has
been able to discover
mutations with opposite
effects on alternative
transcript variants within
the same gene

Montgomery et al. Nature. 464:773-777
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The Flux Capacitor. Compute transcript
abundance from RNASeq experiments
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Grape RNA-Seq analysis pipeline environment
David G. Knowles'**, Maik Réder'#, Angelika Merkel'* and Roderic Guigd'>

'Bicinformatics and Genomics Group, Centre for Genomic Regulation (CRG) and “Universitat Pompeu Fabra (UPP),

Dr Aiguader 88, 08003 Barcelona, Spain

Associate Editor: vo Hofacker
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sQTLseekeR: a general method to detect genetic variants
associated with alternative splicing in RNA sequencing
population studies

Jean Monlong!*, Miquel Calvo® and Roderic Guigd*!?
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Inter-genic (trans) splicing

Experimental verification through RNAase
protection assays
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Trans-splicing and the human genome

CRG generated database

Workflow of possible joined exons
Mass spectrometric data Human genome annota Search Space:
300,370
;g%gpgy“:spec"a Cahase: SENCUDEJC joined peptides. plus
Genes: 22,304 an .
PeptideAtlas spectra database: Transcripts: 72,731 equivalent random
83 Experiments / 39,385 Files / 209GB \set

Of C We did detect a number of
chimeric junction-
spanning peptides, but the
huge increase in search

Each peptide spectrum match space size re-sized the

from X!Tandem has an e-value. igﬁ;’ef;a('v‘;ﬁf’g'hdﬁlrpjfh e
influenced the combined

| p-values):

Parse results Sehe
X!Tandem Search > express alternative

Find isoforms g
isoforms

Human genome: 72h
Possible exon joins: 190e°. A subset of 300.370 junctions (1/58 of the
combinations for chromosome 21 and 22) 68h = 43000 days




Canonical Splicing variants

APPRIS: analysis of functional

annotations for alternative splice forms
ENOME

Rodriguez et al., NAR 2012

GENCECODE/ENCODE:
Gen Res 2012, Nature 2012
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Transplicing/chimeric mRNAs

=dPOST TRANSCRIPTIONAL REGULATION

Transcription Activation Factor

Chimeric protein productlon MR

Chimeric transcripts arise from
the joining of ewons from two or
maore different genes. Reporting of
susch transcripts has bacome mose
widespread as data from genome-
wide transcriptionzl analyses has
increased. However, the number
of knowm chimeric transcripts far
outmsmbers the reported number
of chimeric proteins. Here, Frenkel-
h‘[mgmstm et 2l increase the

s '|: tra.'l:lmtpts and d.ﬁcnbe-
ffaturas indicative of their biological

RMA- saq_d.ausetsﬁm'ﬂlepraencenf
chimeric reads, that is, those that do
it alipm i anmnuigied transcripgts and
include a chimeric expn-exomn jumc-
tion. This appmach confirmed the
sxpression of 175 out of 7,424 previ-
oushy reportad dhimeric trarscripis
from 16 human tissues. Analysis of
the bevel of expression of these tran-
scripts revealed that while chimeric
transcripts are thamselves exprossed
at & bow bevel, they incorporate tran-
scripts that are normally expressed at
2 hidgh bevel; they are also expressed
in a highly tississ cpacific monngp
Tir oendirm the translation of these
transcripts, the authors both searched
mass spectrometry databases and
generated their own shotgun mass
spectromeiry datasats. They mitially
searched for peptides that spasned a
junction site of the human dhimeric
transcripis and they found 12 chi-
meric profeins. Following this they
generated tangeted mass spectrom-
etry data and this confirmed the
expression of 2 further thres nowal
chimeric proteins. The 175 expressed
chimeras are enriched in signal and
transmembrane peptides suggesting
that generating chimeric transcripts

Nat Rev Genet
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Transcription  Transcription factor-3 (TCF3)

Chimeras may produce
a dominant negative
effect

Research

Chimeras taking shape: Potential functions of proteins
encoded by chimeric RNA transcripts

Milana Frenkel—Morgenst(—:‘rn,1 Vincent Lacroix,? lakes Ezkurdia,’ Yishai Levin,>
Alexandra Gabashvili, Jaime Prilusky,4 Angela del Pozo,! Michael Tress,' RoryJohnson,5
Roderic Guigo,® and Alfonso Valencia'®

Genome Research
WWWw. genome.org

Two overlapping mass-spec peptldes, (18

experiments, Pvalue<10-7, FDR<1%)
Dr. Levin, Weizmann Institute



ChiTaRS: chimeric transcripts/proteins Database

Morgenstern et al., NAR 2012
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oo ENCODE Project Writes Eulogy for Junk DNA
ave 1o My Foide Elizabeth Pennisi

This week, 30 research papers, including six in Nature and additional papers published online by Science, sound
the death knell for the idea that our DNA is mo: d with useless bases A decade-long project. the
Encyclopedia of DNA Elements (ENCODE % of the human genom ne purpose,

biochemically speaking Beyond defin landing spots

rands of RNA with myriad roles, or simply places where chemical

for proteins that influence gene activit

modifications serve to sllence stretches of our chromosomes.

[E] Read the Full Text

An integrated encyclopedia ot DINA
elements in the human genome

The ENCODE Project Consortium*

The human genome encodes the blueprint of life, but the function of the vast majority of its nearly three billion bases is
unknown. The Encyclopedia of DNA Elements (ENCODE) project has systematically mapped regions of transcription,
transcription factor association, chromatin structure and histone modification. These data enabled us to assign
biochemical functions for 80% of the genome, in particular outside of the well-studied protein-coding regions. Many
discovered candidate regulatory elements are physically associated with one another and with expressed genes,
providing new insights into the mechanisms of gene regulation. The newly identified elements also show a statistical
correspondence to sequence variants linked to human disease, and can thereby guide interpretation of this variation.
Overall, the project provides new insights into the organization and regulation of our genes and genome, and is an
expansive resource of functional annotations for biomedical research.

The human genome sequence provides the N\ 95% of the genome lies within 8 kilobases (kb)
underlying code for human biology. Despite \ ENBUI]E of a DNA-protein interaction (as assayed by
intensive study, especially in identifying & Encyclopedia of DNA Elements bound ChIP-seq motifs or DNase I footprints),
protein-coding genes, our understanding of the ;:..\\\ S nature.com/encode and 99% is within 1.7 kb of at least one of the

genome is far from complete, particularly with biochemical events measured by ENCODE.



The GEM mapper: fast,
accurate and versatile
alignment by filtration

Santiago Marco-Solal!, Michael Sammeth!,
Roderic Guig6? & Paolo Ribecal»?

Because of ever-increasing throughput requirements of
sequencing data, most existing short-read aligners have
been designed to focus on speed at the expense of accuracy.
The Genome Multitool (GEM) mapper can leverage string
matching by filtration to search the alignment space more
efficiently, simultaneously delivering precision (performing
fully tunable exhaustive searches that return all existing
matches, including gapped ones) and speed (being several
times faster than comparable state-of-the-art tools).

In recent years, the superexponential increase in worldwide
sequencing capacity! has driven a substantial amount of research
into the development of efficient algorithms for the analysis of
short-read seauence data. Tn narticular. ranid alienment of reads

alignment to the rest of the sequence; as few mismatches are usually
allowed in the seed, this approach provides good performance but
is also inflexible and incapable of returning all existing matches.
As the needs of the field are rapidly shifting, the assump-
tions described above are now constantly challenged. Some
current biological problems (such as nonmodel-organism studies
for which matching reference sequences might be incomplete,
inaccurate or missing, or cross-species comparisons in evo-
lutionary studies’) and new experimental protocols (data in
color space, bisulfite-converted sequences or RNA sequencing?)
require a higher tolerance to errors or more flexible alignment
models*. Other applications (prediction of genomic variation or
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GEM: crystal-clear DNA alignment

Gregory G Faust & Ira M Hall

The Genome Multitool (GEM) mapper rapidly and accurately provides
all alignments of a read within a user-defined number of mismatches.

Over the past several years, the flood of

data produced by second-generation DNA
sequencers has motivated the development

of a new generation of DNA alignment tools
designed for mapping short reads to large ref-
erence genomes!. These aligners have allowed

Gregory G. Faust is in the Department of Computer Science, Ira M. Hall is at the Center for Public Health
Genomics and both are in the Department of Biochemistry and Molecular Genetics, University of Virginia,

Charlottesville, Virginia, USA.
e-mail: irahall@virginia.edu
of heuristics can provide an excellent cost-
performance trade-off and in general achieve
high-quality results. Yet, it is inevitable that in
certain situations, heuristic strategies will fail
to identify biologically relevant alignments.
The key advance of the GEM aligner is that
it uses a strategy that is guaranteed to iden-
tify all alignments within a user-specified edit
distance. Remarkably, GEM accomplishes this
difficult task while also achieving a significant
speed increase over other popular aligners.
GEM’s impressive speed and accuracy derive
from its use of a novel strategy for pruning the

partitioning, each match is extended into a
full alignment using dynamic programming.
This latter step often dominates the run
time of traditional ‘seed-and-extend’ align-
ers that rely on fixed-length seeds for ini-
tial matching. In contrast, GEM adaptively
partitions queries into variably sized sub-
sequences according to their uniqueness in
the reference genome. This drastically reduces
the total number of reference-genome loci
requiring the computationally expensive
extension step, thereby dramatically improv-
ing overall speed.

go
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Genetic basis of complex
disseases

Chronic Lymphocitic Leukemia
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ICGC DATA PROCESSING WORKFLOW
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_Chronic Limphocytic Leukemia
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Toll Like Mutations

NATURE GENETICS VOLUME 44 | NUMBER 1 | JANUARY 2012

Exome sequencing identifies recurrent mutations of the
splicing factor SF3BI gene in chronic lymphocytic leukemia

Victor Quesada’, Laura Conde?, Neus Villamor?, Gonzalo R Ordéfiez', Pedro Jares?, Laia Bassaganyas®,

Andrew] Ramsay1 , Silvia BeaZ, Magda Pinyol4, Alejandra Martinez-Trillos’, Ménica Lo’pez-Guerraz, Dolors Colomer?,

Alba Navarro?, Tycho Baumann®, Marta Aymerichz, Maria Rozman?, Julio Delgados, Eva Giné®,

Jestis M Herndndez®, Marcos Gonzalez-Diaz®, Diana A Puente!, Gloria Velasco', José M P Freije!,

José M C Tubio®, Romina Roy07, JosepL Gelpl'7, Modesto Orozco’, David G Pisano®, Jorge Zamora$,
Miguel Vézquezs, Alfonso Valencia®, Heinz Himmelbauer®, Ménica Bayésw, Simon Heath!?, Marta Gut!?,

Ivo Gut!?, Xavier Estivill’, Armando Lo’pez-Gu.illermos, Xose S Puente!, Elias Campoz’11 & Carlos Lépez-O tinl1!
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NATURE GENETICS VOLUME 44 | NUMBER 1 | JANUARY 2012

Exome sequencing identifies recurrent mutations of the
splicing factor SF3B1 gene in chronic lymphocytic leukemia

Victor Quesada!, Laura Conde?, Neus Villamor2, Gonzalo R Ordéiiez!, Pedro Jares2, Laia Bassaganyas3,

Andrew ] Ramsay!, Silvia Bea?, Magda Pinyol?, Alejandra Martinez-Trillos’, Ménica Lopez-Guerra?, Dolors Colomer?,
Alba Navarro?, Tycho Baumann®, Marta Aymerich?, Maria Rozman?, Julio Delgado®, Eva Giné®,

Jests M Hernandez®, Marcos Gonzalez-Diaz®, Diana A Puente!, Gloria Velasco!, José M P Freije!,

José M C Tubio?, Romina Royo’, Josep L Gelpi’, Modesto Orozco’, David G Pisano®, Jorge Zamora®,

Miguel Vizquez®, Alfonso Valencia®, Heinz Himmelbauer”, Ménica Bayés'?, Simon Heath!?, Marta Gut!,

Ivo Gut'?, Xavier Estivill’, Armando Lépez-Guillermo®, Xose S Puente!, Elias Campo>!! & Carlos Lépez-Otin! !

Here we perform whole-exome sequencing of samples from
105 individuals with chronic lymphocytic leukemia (CLL)'2,
the most frequent leukemia in adults in Western countries.
We found 1,246 somatic mutations potentially affecting gene
function and identified 78 genes with predicted functional
alterations in more than one tumor sample. Among these
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genes, SF3B1, encoding a subunit of the spliceosomal U2
small nuclear ribonucleoprotein (snRNP), is somatically
mutated in 9.7 % of affected individuals. Further analysis

in 279 individuals with CLL showed that SF3BT mutations
were associated with faster disease progression and poor
overall survival. This work provides the first comprehensive
catalog of somatic mutations in CLL with relevant clinical
correlates and defines a large set of new genes that may drive
the development of this common form of leukemia. The results
reinforce the idea that targeting several well-known genetic
pathways, including mRNA splicing, could be useful in the
treatment of CLL and other malignancies.
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