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PROGRAM

TUESDAY, May 11—7:30 PM

SESSION 1 FUNCTIONAL AND CANCER GENOMICS

Chairperson: L. Ding, Washington University School of Medicine,
St. Louis, Missouri
P. Farnham, University of California, Davis

ZNF274 recruits the histone methyltransferase SETDB1 to the
human genome

Peqgy Farnham.
Presenter affiliation: University of California-Davis, Davis, California.

Transcription binding variation in eucaryotes

M. Snyder, M. Kasowski, W. Zheng, F. Grubert, C. Heffelfinger, M.
Hariharan, A. Asabere, S. Waszak, L. Habegger, J. Rozowsky, M. Shi,
A. Urban, K. Karczewski, H. Zhao, E. Mancera, L. Steinmetz, M.
Gerstein, J. Korbel.

Presenter affiliation: Stanford University, Stanford, California.

Relapse-specific mutations in an AML genome discovered by
whole genome sequencing

Elaine Mardis, Li Ding, John Welch, David Larson, Ken Chen, Michael
McLellan, Heather Schmidt, Ling Lin, Vince Magrini, Tammi Vickery,
Richard Wilson, Timothy Ley.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.

Tumor progression revealed by sequencing 100 single cells in a
heterogeneous breast carcinoma

Nicholas E. Navin, Jude Kendall, Kerry Cook, Jennifer Troge, James
Hicks, Michael Wigler.

Presenter affiliation: Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York; Stony Brook University, Stony Brook, New York.

Approaching a comprehensive view of cancer genomes

Li Ding.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.



Evolution of the population of cancerous cells in a hepatocellular
carcinoma patient

Xuemei Lu, Weiwei Zhai, Jue Ruan, Yong Tao, Yu Wang, Jun Cai,
Shaoping Ling, Shiou-Hwei Yeh, Pei-Jer Chen, Chung-l Wu.

Presenter affiliation: Beijing Institute of Genomics, Beijing, China. 6

ChIP-Seq reveals evolutionarily hidden heart enhancers

Axel Visel, Matthew J. Blow, Bing Ren, Brian L. Black, Edward M.

Rubin, Len A. Pennacchio.

Presenter affiliation: Lawrence Berkeley National Laboratory, Berkeley,
California; U.S. Department of Energy Joint Genome Institute, Walnut
Creek, California. 7

Characterization of 1000 breast cancer genomes and

transcriptomes

Christina Curtis, Suet-Feung Chin, Sohrab Shah, Simon Tavaré,

Samuel Aparicio, Carlos Caldas, METABRIC Consortium.

Presenter affiliation: University of Cambridge, Cambridge, United

Kingdom; Cancer Research UK Cambridge, United Kingdom. 8

WEDNESDAY, May 12—9:00 AM

SESSION 2 GENETICS OF COMPLEX TRAITS

Chairperson: D. MacArthur, Wellcome Trust Sanger Institute, Hinxton,
United Kingdom
C. Ober, University of Chicago, lllinois

Loss-of-function mutations in healthy human genomes—
Implications for clinical genome sequencing

Daniel G. MacArthur, Suganthi Balasubramanian, Ni Huang, Adam
Frankish, Zhang Zhengdong, Lukas Habegger, Xinmeng Mu, Matthew
Bainbridge, Bryndis Yngvadottir, 1000 Genomes Consortium, Jennifer
Harrow, Richard A. Gibbs, Matthew E. Hurles, Mark B. Gerstein, Chris
Tyler-Smith.

Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom. 9

Vi



High throughput RNA sequencing reveals genetic determinants
and mechanisms regulating human expression quantitative traits
loci

Jacek A. Majewski, Zibo Wang, Amandine Bemmo, Kevin Ha, Emilie
Lalonde, Tony Kwan, Tomi M. Pastinen.

Presenter affiliation: McGill University, Montreal, Canada; Centre
d’Innovation Montreal, Canada.

Synthetic associations are unlikely to account for most common
disease genome-wide association signals

Jeffrey C. Barrett, Carl A. Anderson, Nicole Soranzo, Eleftheria
Zeggini.

Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom.

A scalable class of multiple locus methods for genome-wide
association studies

Gabriel Hoffman, Benjamin Logsdon, Chuan Gao, Abra Brisbin, Jason
Mezey.

Presenter affiliation: Cornell University, Ithaca, New York; Weill Cornell
Medical College, New York, New York.

Rare variants contribute to asthma susceptibility

Carole Ober, Dara G. Torgerson, Daniel Capurso, Scott R. Weiss,
Deborah A. Meyers, Kathleen C. Barnes, Eugene R. Bleecker,
Benjamin A. Raby, Rasika A. Mathias, Penelope E. Graves, Fernando
D. Martinez, Dan L. Nicolae.

Presenter affiliation: University of Chicago, Chicago, lllinois.

A gene-based approach to joint analysis of multiple related
phenotypes

Katherine I. Morley, David G. Clayton, Jeffrey C. Barrett.
Presenter affiliation: Wellcome Trust Sanger Institute, Cambridge,
United Kingdom.

The Drosophila Genetic Reference Panel—Whole genome
association mapping of quantitative traits, and a new tool for
Drosophila genetics

Stephen Richards, Dianhui Zhu, Yi Han, Julien Ayroles, Mary Anna
Carbone, Trudy Mackay, Eric Stone, Richard A. Gibbs.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.
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Transcription factor polymorhpisms and complex traits—A
thermodynamic model of genetic interactions

Justin P. Gerke, Jason Gertz, Barak A. Cohen.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.

WEDNESDAY, May 12—2:00 PM

SESSION 3 POSTER SESSION |

Direct effects of environmental perturbation on cis-regulation
assessed by allelic expression

V. Adoue, E. Grundberg, B. Ge, T. Kwan, K.L. Lam, V. Koka, O.
Nilsson, Q.L. Duan, S.T. Weiss, B. Raby, K.G. Tantisira, T. Pastinen.
Presenter affiliation: McGill University, Montreal, Canada.

Accuracy of lllumina Genome Analyzer and HiSeq 2000—What
depth of coverage do you really need?

Subramanian S. Ajay, Stephen C. Parker, Hatice Ozel Abaan, Jamie K.

Teer, Praveen F. Cherukuri, Nancy F. Hansen, Pedro Cruz, William A.
Gahl, James C. Mullikin, Elliott H. Margulies.

Presenter affiliation: Genome Technology Branch, Bethesda,
Maryland.

Genome-wide identification of small insertions and deletions in
the 1000 Genomes pilot project

Cornelis A. Albers, Gerton A. Lunter, Quang S. Le, Daniel MacArthur,
Willem H. Ouwehand, Richard Durbin, 1000 Genomes Consortium.
Presenter affiliation: University of Cambridge, Cambridge, United
Kingdom; Sanger Institute, United Kingdom.

Studying animal domestication by brain transcriptome
sequencing

Frank W. Albert, Michel Halbwax, Jose A. Blanco Aguiar, Miguel
Carneiro, Sylvia Kaiser, Irina Plyusnina, Lyudmila Trut, Rafael
Villafuerte, Nuno Ferrand, Per Jensen, Svante Paabo.
Presenter affiliation: Max Planck Institute for Evolutionary
Anthropology, Leipzig, Germany.

viii
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Unbiased reconstruction of a mammalian transcriptional network
mediating the differential response to pathogens

ldo Amit, Manuel Garber, Nicolas Chevrier, Ana Paula Leite, Thomas
Eisenhaure, Mitchell Guttman, Jen Grenier, Or Zuk, Alex Meissner,
David E. Root, Nir Hacohen, Aviv Regev.

Presenter affiliation: Broad Institute of MIT and Harvard, Cambridge,
Massachusetts; MIT, Cambridge, Massachusetts.

Multivariate analysis of rate co-variation of different types of
mutations in their genomic context

Guruprasad Ananda, Anton Nekrutenko, Francesca Chiaromonte,
Kateryna Makova.

Presenter affiliation: Penn State University, University Park,
Pennsylvania.

Virus metagenomics—YVirus enrichment and deep sequencing
reveals new human viruses and strains

Fredrik Lysholm, Tobias Allander, Bengt Persson, Bjérn Andersson.
Presenter affiliation: Karolinska Institutet, Stockholm, Sweden.

Whole genome resequencing reveals loci under selection during
chicken domestication

Carl-Johan Rubin, Michael C. Zody, Jonas Eriksson, Jennifer R.
Meadows, Ellen Sherwood, Matthew T. Webster, Ted Sharpe,
Francois Besnier, Orjan Carlborg, Paul Siegel, Kerstin Lindblad-Toh,
Leif Andersson.

Presenter affiliation: Uppsala University, Uppsala, Sweden; Swedish
University of Agricultural Sciences, Uppsala, Sweden.

Population genetic inference using low coverage sequencing
data

Adam Auton, Ryan Hernandez, Gil McVean, The 1000 Genomes
Project.

Presenter affiliation: University of Oxford, Oxford, United Kingdom.

Capturing the rate of germ-line and somatic mutations in genome
resequencing of childhood leukemia families using a “Quartet”
design

Philip Awadalla, Jon M. Keebler, Julie Hussin, Mathieu Lariviere, Diego
Czul, Daniel Sinnett.

Presenter affiliation: Universite de Montreal, Montreal, Canada.
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A population genomics approach to explore the molecular basis
for athletic performance traits in North Swedish trotters

Jeanette Axelsson, Jennifer Meadows, Lisa Andersson, Hanna
Smedstad, Aneta Ringholm, Knut Roed, Leif Andersson, Sofia Mikko,
Gabriella Lindgren.

Presenter affiliation: Swedish University of Agricultural Sciences,
Uppsala, Sweden.

Gambit—A cross-platform, low-memory visualization and
analysis toolkit for next-generation sequencing

Derek Barnett, Gabor Marth.

Presenter affiliation: Boston College, Chestnut Hill, Massachusetts.

Orangutan (P. pygmaeus) mobile elements—The extinction of Alu
Miriam K. Konkel, Jerilyn A. Walker, Brygg Ulimer, Leona G.
Chemnick, Oliver A. Ryder, Robert Hubley, Arian F A. Smit, Mark A.
Batzer, for the Orangutan Genome Sequencing and Analysis
Consortium.

Presenter affiliation: Louisiana State University, Baton Rouge,
Louisiana.

Genome sequencing and microRNA discovery in the basal
flatwork M. lignano

Daniil Simanov, Patrick van Zon, Ewart de Bruijn, Sam Linsen, Katrien
de Mulder, Edwin Cuppen, Andres Canela, Gregory J. Hannon, Dita B.
Vizoso, Lukas Scharer, Peter Ladurner, Eugene Berezikov.

Presenter affiliation: Hubrecht Institute, Utrecht, Netherlands.

Assaying the distribution of sequence variants within a viral
patient sample

Henry R. Bigelow, Michael G. Ross, Filipe J. Ribeiro, Bruce D. Walker,
Michael C. Zody, Todd M. Allen, Matthew R. Henn, David B. Jaffe.
Presenter affiliation: Broad Institute, Cambridge, Massachusetts.

Metaphase spindle proteome reveals potential furrow initiation
factors

Mary Kate Bonner, Ali Sarkeshik, Dan S. Poole, John Yates Ill, Ahna
R. Skop.

Presenter affiliation: UW-Madison, Madison, Wisconsin.
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Exploring synthetic genetic interaction networks by high-
throughput RNAI

Thomas Horn, Thomas Sandmann, Bernd Fischer, Wolfgang Huber,
Michael Boutros.

Presenter affiliation: German Cancer Research Center and University
Heidelberg, Heidelberg, Germany.

Genomic analysis of global village dog populations reveals
complex domestication history of domestic dogs from gray
wolves

Adam R. Boyko, Ryan H. Boyko, Corin M. Boyko, Elaine A. Ostrander,
Robert K. Wayne, Carlos D. Bustamante.

Presenter affiliation: Stanford University, Stanford, California.

Expressed, rare, deleterious genetic variants distinguish breast
cancer sub types

Christopher D. Brown, Thomas Stricker, Megan E. McNerney, Ralf
Kittler, Subhradip Karmakar, Kevin P. White.

Presenter affiliation: University of Chicago, Chicago, lllinois.

Genome-wide patterns of population structure and admixture
among Hispanic/Latino populations

Katarzyna Bryc, Christopher Velez, Tatiana Karafet, Andres Moreno-
Estrada, Andy Reynolds, Adam Auton, Michael Hammer, Carlos D.
Bustamante, Harry Ostrer.

Presenter affiliation: Cornell University, Ithaca, New York.

Tissue-specific rewiring of signaling pathways through
alternatively spliced disordered segments

Marija Buljan, Alex Bateman, Madan Babu.

Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton,
Cambridge, United Kingdom.

Enriching for indels in complex disease by deep sequencing.
Lara M. Bull-Otterson, Alex Coventry, Andrew G. Clark, Alan R.
Templeton, Thomas J. Rea, Charles F. Sing, Jacy Crosby, Xiaoming
Liu, Taylor Maxwell, Eric A. Boerwinkle, Richard A. Gibbs.

Presenter affiliation: Baylor College of Medicine Houston, Texas.

Fitness and structure landscapes for pre-miRNA processing
Ralf A. Bundschuh, Juliette de Meaux, Michael Lassig.
Presenter affiliation: Ohio State University, Columbus, Ohio.
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Punctuated or gradual? Timing the acceleration of human
accelerated regions with Neandertal DNA sequences

Hernan A. Burbano, Richard E. Green, Tomislav Maricic, Marco de la
Rasilla, Antonio Rosas, Michael Lachmann, Svante Paébo.
Presenter affiliation: Max Planck Institute for Evolutionary
Anthropology, Leipzig, Germany.

A general method for assembling genomes from Illumina data
Joshua N. Burton, lain A. MacCallum, Sante Gnerre, Dariusz
Przybylski, Filipe Ribeiro, Bruce Walker, Ted Sharpe, Giles Hall,
Carsten Russ, Chad Nusbaum, David B. Jaffe.

Presenter affiliation: Broad Institute, Cambridge, Massachusetts.

Comparative analysis of transcription in four yeast species using
RNA-Seq

Michele Busby, Jesse Gray, Michael Springer, Chip Stewart, Jeffrey
Chuang, Michael Greenberg, Gabor Marth.

Presenter affiliation: Boston College, Newton, Massachusetts.

Identifying the genetic determinants of transcription factor
activity

Eunjee Lee, Harmen J. Bussemaker.

Presenter affiliation: Columbia University, New York, New York.

Improving the high-quality draft swine genome reference
Mario Caccamo.

Presenter affiliation: The Genome Analysis Centre, Norwich, United
Kingdom.

Patterns of genetic change in Drosophila coding sequence reveal
the generic modularity of proteins, and the ubiquity of epistasis.
Benjamin J. Callahan, Richard A. Neher, Peter Andolfatto, Boris I.
Shraiman.

Presenter affiliation: Stanford University, Stanford, California.

Rapid integration of novel genes into cellular networks

John A. Capra, Katherine S. Pollard, Mona Singh.

Presenter affiliation: University of California, San Francisco, San
Francisco, California; Princeton University, Princeton, New Jersey.
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Next-generation targeted resequencing to investigate population
history of gibbon species

Lucia Carbone, Sung Kim, Alan R. Mootnick, David Li, Pieter J.
deJong, Jeffrey D. Wall.

Presenter affiliation: Children's Hospital Oakland Research Institute,
Oakland, California.

Deciphering mammalian transcriptome complexity by deep-CAGE
Piero Carninci, Timo Lassmann, Hazuki Takahashi, Charles Plessy,
Nicolas Bertin, Geoffrey Faulkner, Nadine Hornig, Carrie Davis, Valerio
Orlando, Thomas Gingeras, Yoshihide Hayashizaki.

Presenter affiliation: RIKEN Yokohama, Kanagawa, Japan.

A population genetic approach to mapping neurological disorder
genes using deep resequencing

Ferran Casals, Rachel A. Myers, Julie Gauthier, Jonathan E. Keebler,
Adam R. Boyko, Carlos D. Bustamante, Amelie M. Piton, Dan
Spiegelman, Edouard Henrion, Martine M. Zilversmit, Julie Hussin,
Jacki Quinlan, Yan Yang, Ron Lafreniere, Alexander Griffing, Eric A.
Stone, Guy A. Rouleau, Philip Awadalla.

Presenter affiliation: Université de Montréal, Montréal, Canada.

Sample sequencing the dynamic repeat structure of snake
genomes

Todd A. Castoe, Kathryn Hall, Marcel Guibotsy Mboulas, A. P. Jason
de Koning, Cedric Feschotte, David D. Pollock.

Presenter affiliation: University of Colorado School of Medicine,
Aurora, Colorado.

Transcriptome characterization of planarian S. mediterranea by
massive parallel sequencing

Catherine Adamidi, Yongbo Wang, Xintian You, Christoph Dieterich,
Nikolaus Rajewsky, Wei Chen.

Presenter affiliation: Max-Delbriick-Center for Molecular Medicine,
Berlin, Germany.

Integrated genome analysis of genetic networks regulated by
eyeless during retinal development in Drosophila

Yiyun Chen, Yumei Li, Keqing Wang, Rui Chen.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.
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An integrative computational pipeline towards large-scale
accurate discovery of genomic structural variation in cancer
Ken Chen.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.

MapSplice---Mapping RNA-seq reads for splice discovery

Kai Wang, Darshan Singh, Zheng Zeng, Stephen J. Coleman, Xiaping
He, Piotr Mieczkowski, Charles M. Perou, James N. MacLeod, Derek
Y. Chiang, Jan F. Prins, Jinze Liu.

Presenter affiliation: University of Kentucky, Lexington, Kentucky;
University of North Carolina, Chapel Hill, North Carolina.

Rewired signal transduction pathways among S. cerevisiae
strains

Brian L. Chin, Gerald R. Fink.

Presenter affiliation: Whitehead Institute for Biomedical Research,
Cambridge, Massachusetts.

Identification and analysis of novel, functional variants by
population-based deep re-sequencing in eight drug target genes
Stephanie L. Chissoe, Matthew R. Nelson, Kijoung Song, Silviu-Alin
Bacanu, Xiangyang Kong, Dana Fraser, Jennifer Aponte, Li Li, Xin
Yuan, John Whittaker, Dawn Waterworth, Lon Cardon, Vincent
Mooser.

Presenter affiliation: GlaxoSmithKline, Research Triangle Park, North
Carolina.

dbVar—NCBI's database of genomic structural variation

D M. Church, T P. Sneddon, J Lopez, J Garner, A Mardanov, C
Clausen, N Bouk, J Paschall, M Feolo, S T. Sherry, L Phan, D R.
Maglott, J Ostell.

Presenter affiliation: NCBI/NIH, Bethesda, Maryland.

A new high-resolution and ultra-dense Zebrafish meiotic map
Matthew D. Clark, Carlos Torroja, John Postlethwait, Derek L. Stemple.
Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom.

Browsing 1000 genomes data using EnsEMBL

Laura Clarke, Holly Zheng Bradley, Richard Smith, Eugene Kuleshea,
William McLaren, Paul Flicek, The 1000 genomes Project.

Presenter affiliation: European Bioinformatics Institute, Cambridge,
United Kingdom.
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Microbial and metagenomic research at the Washington
University Genome Center

Sandra Clifton.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.

A framework for detection and interpretation of structural
variation from matepair data

Cristian Coarfa, Oliver A. Hampton, Petra Den Hollander, Martin M.
Matzuk, Adrian V. Lee, Aleksandar Milosavljevic.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Identifying causal genetic variants with single-nucleotide
evolutionary constraint scores

Gregory M. Cooper, David L. Goode, Sarah B. Ng, Arend Sidow,
Michael J. Bamshad, Jay Shendure, Deborah A. Nickerson.
Presenter affiliation: University of Washington, Seattle, Washington.

The genetic architecture of immune-mediated disease

Chris Cotsapas, Benjamin F. Voight, Kasper Lage, Elizabeth R.
Rossin, Benjamin M. Neale, Mark J. Daly.

Presenter affiliation: Massachusetts General Hospital, Boston,
Massachusetts; Harvard Medical School, Boston, Massachusetts;
Broad Institute of MIT and Harvard, Cambridge, Massachusetts.

Vast excess of rare variation revealed by resequencing 13,715
individuals

Alex Coventry, Lara M. Bull, Xiaoming Liu, Andrew G. Clark, Taylor J.

Maxwell, Jacy Crosby, James E. Hixson, Thomas J. Rea, Alan R.
Templeton, Eric Boerwinkle, Richard Gibbs, Charles F. Sing.
Presenter affiliation: Cornell University, Ithaca, New York.

Human islets prepared for clinical transplantation exhibit an
altered glycolytic profile
Mark J. Cowley, Anita Weinberg, James Cantley, Warren Kaplan,

Stacey N. Walters, Wayne J. Hawthorne, Philip J. O'Connell, Shane T.

Grey.
Presenter affiliation: Garvan Institute, Sydney, Australia.

Genome-wide DNasel footprinting in a diverse set of human cell-

types

Gregory E. Crawford, Alan P. Boyle, Lingyun Song, Bum-Kyu Lee,
Damian Keefe, Ewan Birney, Vishwanath R. lyer, Terrence S. Furey.
Presenter affiliation: Duke University, Durham, North Carolina.
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A high resolution map of the Drosophila transcriptome by paired-
end RNA-sequencing

Bryce Daines, Liguo Wang, Hui Wang, Yumei Li, David Emmert,
William Gelbart, Wei Li, Richard Gibbs, Rui Chen.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Determining evolutionary changes in glucocorticoid receptor
binding sites using ChiP-seq

Charles G. Danko, Lee W. Kraus, Adam Siepel.

Presenter affiliation: Cornell University, Ithaca, New York.

Rapid evolutionary innovation during an Archean genetic
expansion

Lawrence A. David, Eric J. Alm.

Presenter affiliation: Massachusetts Institute of Technology,
Cambridge, Massachusetts.

Optimal study design for targeted re-sequencing in pooled DNA
for disease association studies

Aaron G. Day-Williams, Kirsten McLay, Eleanor Howard, Alison J.
Coffey, Aarno Palotie, Eleftheria Zeggini.

Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom.

High-throughput evolutionary genomic analysis on large
phylogenies

A.P. Jason.de Koning, Todd A. Castoe, David D. Pollock.

Presenter affiliation: University of Colorado Denver, Aurora, Colorado.

Massively-parallel transcriptome sequencing analysis by Cloud
Computing

Francisco M. De La Vega, Jigntao Sun, Catalin Barbacioru, Adam
Kraut, Bill Van Etten, Brian Tuch, Yongming Sun.

Presenter affiliation: Life Technologies, Foster City, California.

Multiple regions of strong primate-specific noncoding constraints
in the FOXP2 locus

Ricardo C. del Rosario, Shyam Prabhakar.

Presenter affiliation: Genome Institute of Singapore, Singapore.
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The Genome Analysis Toolkit—A MapReduce framework for
analyzing next-generation DNA sequencing data
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De novo sequencing and assembly of the cucumber genome
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retrotransposons
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Presenter affiliation: Emory University School of Medicine, Atlanta,
Georgia; University of Maryland School of Medicine, Baltimore,
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Federica Di Palma, Jessica E. Alfoldi, Manfred Grabherr, Lesheng
Kong, Andreas Heager, Craig Lowe, Anolis Genome Sequencing
Consortium, David Haussler, Chris Ponting, Kerstin Lindblad-Toh.
Presenter affiliation: Broad Institute of MIT and Harvard, Cambridge,
Massachusetts.

The Cichlid model system—Understanding how small RNAs
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Antisense expression increases gene expression variability
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Mark B. Gerstein, Nitin Bhardwa,j.

Presenter affiliation: Yale University, New Haven, Connecticut.
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Analyzing and minimizing PCR bias against extreme base
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David Goode, Dmitri Petrov, Arend Sidow.

Presenter affiliation: Stanford University, Stanford, California. 101
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Presenter affiliation: Cornell University, Ithaca, New York. 103
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Epigenomic landscape of erythroid gene regulation
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Chairperson: B. Graveley, University of Connecticut Health Center,
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J. Shendure, University of Washington, Seattle
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DNA methylome map reveals conserved role of gene body
methylation in regulating alternative promoters

Ting Wang, Alika Maunakea, Raman Nagarajan, Steve Jones, Tracy
Ballinger, David Haussler, Marco Marra, Martin Hirst, Shaun Fouse,
Brett Johnson, Chibo Hong, Joseph Costello.
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J. Wortman, University of Maryland School of Medicine,
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Biased gene conversion and the evolution of human genomic
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Laurent Duret.
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Moran Yassour, Manfred Grabherr, Joshua Z. Levin, Mike Berger,
Pamela Russell, Jessica Alfoldi, Andi Gnirke, Federica Di Palma,
Kerstin Lindblad-Toh, Nir Friedman, Aviv Regev.

Presenter affiliation: The Broad Institute of MIT and Harvard,
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Discovery of human heteroplasmic sites enabled by an

accessible interface to Cloud-computing infrastructure

Enis Afgan, Hiroki Goto, lan Paul, Kateryna Makova, Anton

Nekrutenko, James Taylor.

Presenter affiliation: Emory University, Atlanta, Georgia. 129

Informatics challenges in human microbiome research

Jennifer Russo Wortman.

Presenter affiliation: University of Maryland School of Medicine,

Baltimore. 130

Building phylogenies with metagenomic sequence reads

Samantha J. Riesenfeld, Thomas J. Sharpton, Steven W. Kembel,

Jessica L. Green, Katherine S. Pollard.

Presenter affiliation: Gladstone Institutes, San Francisco, California. 131

Mining 1000 genomes data to identify the causal variant in

regions under positive selection

Shari Grossman, llya Shlyakhter, Elinor Karlsson, Mitch Guttman, John

Rinn, Eric Lander, Steve Schaffner, Pardis Sabeti, 1000 Genomes

Project Consortium.

Presenter affiliation: Harvard University, Cambridge, Massachusetts;

Broad Institute, Cambridge, Massachusetts. 132

Epigenomic triangulation of human methylomes reveals germline-
specific methylation deserts associated with genomic instability

Jian Li, Ronald A. Harris, Cristian Coarfa, Zuozhou Chen, Zachary M.

Franco, Aleksandar Milosavljevic.

Presenter affiliation: Baylor College of Medicine, Houston, Texas. 133
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Disease model distortion in association studies
Eliana Hechter, Damjan Vukcevic, Chris Spencer, Peter Donnelly.
Presenter affiliation: University of Oxford, Oxford, United Kingdom. 134

Comparative analysis of transcription factor repertoires in the
Ascomycota

Jagueline Hess, Nick Goldman.

Presenter affiliation: EMBL, European Bioinformatics Institute, Hinxton,
United Kingdom. 135
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Comprehensive paired-end-tag mapping revealed characteristic
patterns of structural variations and amplification mechanisms in
cancer genomes

Axel M. Hillmer, Yao Fei, Koichiro Inaki, Wah-Heng Lee, Pramila N.
Ariyaratne, Hao Zhao, Leena Ukil, Audrey S. Teo, Xing Y. Woo, Wan
T. Poh, Kelson F. Zawack, X Ruan, Atif Sahab, Valere Cacheux-
Rataboul, Guillaume Bourque, Wing K. Sung, Edison T. Liu, Yijun
Ruan.

Presenter affiliation: Genome Institute of Singapore, Singapore.

Fosmid-based molecular MHC haplotype sequencing

Eun-Kyung Suk, Jorge Duitama, Sabrina Schulz, Stefanie Palczewski,
Britta Horstmann, Gayle McEwen, Stefan Schreiber, Roger Horton,
Thomas Huebsch, Margret Hoehe.

Presenter affiliation: Max Planck Institute for Molecular Genetics,
Berlin, Germany.

Genomics of pigment patterns—From Akitas to Zebras

Lewis Hong, Chris Kaelin, Greg Barsh.

Presenter affiliation: Stanford University School of Medicine, Stanford,
California.

modENCODE—Promoter architecture in the D. melanogaster
embryo

Roger Hoskins, Jane Landolin, Ben Brown, Jeremy Sandler, Nathan
Boley, Thomas Kaufman, Brenton Graveley, Joseph Carlson, Piero
Carninci, Susan Celniker.

Presenter affiliation: Lawrence Berkeley National Laboratory, Berkeley,
California.

Genotype imputation with thousands of genomes—New
methodology and applications in Africa

Bryan N. Howie, Jonathan Marchini, Matthew Stephens.
Presenter affiliation: University of Chicago, Chicago, lllinois.

The genomes of the argentine and red harvester ants

Hao Hu, Aleksey Zimin, Jay Kim, Juergen Gadau, Hugh Robertson,
Andrew V. Suarez, Christopher R. Smith, Neil Tsutsui, Mark Yandell,
Christopher D. Smith.

Presenter affiliation: University of Utah, Salt Lake City, Utah.

High throughput sequencing and applications at lllumina

Sean Humphray, Vincent Smith, Klaus Maisinger, Stephen Rawlings,
Carolyn Tregidgo, Francisco Garcia, Mark Wang, Geoff Smith, Kevin
Hall, David Bentley.

Presenter affiliation: lllumina Inc, Cambridge, United Kingdom.

XXVii

136

137

138

139

140

141

142



Age-dependent recombination events in human pedigrees
Julie Hussin, Marie-Helene Roy-Gagnon, Gregor Andelfinger, Philip
Awadalla.

Presenter affiliation: Ste Justine Research Centre, University of
Montreal, Montreal, Canada.

Easy, accurate genome-wide detection of gene fusions with the
SOLiD system using BioScope software

Fiona C. Hyland, Onur Sakarya, Heinz Breu, Liviu Popescu, Paolo
Vatta, Asim Siddiqui.

Presenter affiliation: Life Technologies, Foster City, California.

The Cartagene Genomics Project—Systems biology of human
functional variation

Youssef Idaghdour, Julie Hussin, Philip Awadalla.

Presenter affiliation: University of Montreal, Montreal, Canada.

A joint-genome graph of the 1000 Genomes Project data reveals
many highly differentiated genomic regions

Zamin Igbal, Gil McVean, The 1000 Genomes Project.

Presenter affiliation: University of Oxford, Oxford, United Kingdom.

HMM-seg—A novel framework for identification of copy number
changes in cancer from next-generation sequencing data

Serqii lvakhno, Keira R. Cheetham, Tom Royce, Dirk Evers, David R.
Bentley, Simon Tavaré.

Presenter affiliation: Cancer Research UK Cambridge Research
Institute, Cambridge, United Kingdom.

From GWAS to function using sensitized strains, transgenic
rescue and gene KO

Howard J. Jacob, Aron M. Geurts, Rebecca Schilling, Angela Lemke,
Shawn Kalloway, Jamie Foeckler, Jason Klotz, Hartmut Weiler, Jozef
Lazar, Melinda R. Dwinell, Carol Moreno, for GO Grant Team.
Presenter affiliation: Medical College of Wisconsin, Milwaukee,
Wisconsin.

Understanding and remediating sequencing bias

David B. Jaffe, Michael G. Ross, Sean Sykes, Dan Aird, Aaron M.
Berlin, Kristen Connolly, Jim Meldrim, Sarah K. Young, Sheila Fisher,
Andreas Gnirke, Carsten Russ, Chad Nusbaum.

Presenter affiliation: Broad Institute, Cambridge, Massachusetts.
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Efficient mapping of brain eQTL using peripheral blood as
surrogate tissue

Anna Jasinska, Susan Service, Lynn Fairbanks, Matthew Jorgensen,
David Jentsch, Roger Woods, Nelson Freimer.

Presenter affiliation: University of California, Los Angeles, California.

Characterization of copy number constant regions
Anna C. Johansson, Lars Feuk.
Presenter affiliation: Uppsala University, Uppsala, Sweden.

A model of regulatory program differentiation in immune cell
development

Vladimir Jojic, Tal Shay, Aviv Regev, Daphne Koller, the
Immunological Genome Project Consortium.

Presenter affiliation: Stanford University, Stanford, California.

Assessing the relationship between frequency and risk in
complex disease

Luke Jostins, Jeffrey C. Barrett.

Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom.

Deep expression profiling through multiple libraries generated by
lllumina GA

Sotaro Kanematsu, Kosuke Tanimoto, Suzuki Yutaka, Sumio Sugano.
Presenter affiliation: the University of Tokyo, kashiwa-shi, Japan.

Design and validation of a new, high density canine SNP array
Elinor K. Karlsson, Matthew T. Webster, Snaevar Sigurdsson,
Catherine Andre, Cindy Taylor Lawley, Gerli Rosengren-Pielberg,
Danika L. Bannasch, Hannes Lohi, Merete Fredholm, Mark S. Hansen,
Mike Thompson, Christophe Hitte, Kerstin Lindblad-Toh.

Presenter affiliation: Broad Institute, Cambridge, Massachusetts.

An algorithm to infer haplotypes of copy number variations from
genome-wide high-throughput data

Mamoru Kato, Naoya Hosono, Anthony Leotta, Tatsuhiko Tsunoda,
Michael Q. Zhang.

Presenter affiliation: Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York.
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A comprehensive whole-genome map of endogenous retroviral
elements and their functional effects across 17 laboratory mouse
strains

Thomas M. Keane, Kim Wong, Jim Stalker, Richard Mott, Jonathan

Flint, Wayne Frankel, David J. Adams.

Presenter affiliation: Wellcome Trust Sanger Institute, Cambridge,

United Kingdom. 157

The human mutation rate estimated using probabilistic genome-

wide de novo mutation discovery and validation using high-

throughput sequencing of families within the 1000 Genomes

Project

Jonathan Keebler, Donald Conrad, Matthew Hurles, Reed Cartwright,

Ferran Casals, Youssef Idaghdour, Eric Stone, Philip Awadalla, The

1000 Genomes Consortium.

Presenter affiliation: North Carolina State. University Raleigh, North

Carolina; University of Montreal, Montreal, Canada. 158

Human population differentiation is strongly correlated with local
recombination rate

Alon Keinan, David Reich.

Presenter affiliation: Cornell University, Ithaca, New York. 159

The identification of regulatory motif instances and their
characterization in relation to chromatin marks and transcription

factor binding

Pouya Kheradpour, Jason Ernst, Christopher Bristow, Rachel Sealfon,
Manolis Kellis.

Presenter affiliation: MIT, Cambridge, Massachusetts. 160

Pathway analysis of integrated datasets support significant

genetic heterogeneity in autism

Helena Kilpinen, Karola Rehnstrom, Juha Saharinen, Dario Greco,

Teppo Varilo, liris Hovatta, Leena Peltonen.

Presenter affiliation: Wellcome Trust Sanger Institute, Cambridge,

United Kingdom; Institute for Molecular Medicine, Helsinki, Finland. 161

Artefacts and data analysis challenges for the lllumina Genome
Analyzer

Martin Kircher, Janet Kelso.

Presenter affiliation: Max Planck Institute for Evolutionary

Anthropology, Leipzig, Germany. 162
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Sequencing, assembly and analysis of the Cassava genome
Chinnappa Kodira, Simon Prochnik, Brian Desany, Mohammed
Mohiuddin, Cynthia Turcotte, Todd Arnold, James Knight, Michael
Egholm, Tim Harkins, Dan Rokhsar, Steve Rounsley.

Presenter affiliation: Roche 454, Branford, Connecticut.

Search of EMT-related genes by analyzing NCI-60 panels
Kensuke Kojima, Toshio Ota.
Presenter affiliation: Kyowa Hakko Kirin Co., Ltd., Shizuoka, Japan.

Accelerated evolution of PAK3- and PIM1-like kinase gene
families in the zebra finch, T. guttata

Lesheng Kong, Peter V. Lovell, Andreas Heger, Claudio V. Mello, Chris
P. Ponting.

Presenter affiliation: University of Oxford, Oxford, United Kingdom.

Targeted capture methods for next generation sequencing—
Amplicon tiling vs array capture

Melissa Kramer, Magdalena Gierszewska, Jianchao Yao, W. Richard
McCombie.

Presenter affiliation: Cold Spring Harbor Laboratory, Woodbury, New
York.

Mobile element insertion detection from the 1000 Genomes
Project pilot data reveals high variation between individuals
Deniz Kural, Michael P. Stromberg, Chip Stewart, Jerilyn A. Walker,
Miriam K. Konkel, Adrian Stuetz, Alexander E. Urban, Fabian Grubert,
Mark A. Batzer, Jan Korbel, Gabor T. Marth, 1000 Genomes Project
Structural Variation Subgroup.

Presenter affiliation: Boston College, Chestnut Hill, Massachusetts.

Comparison of short-read alignment software
Sendu Bala, Ahmet Kurdoglu, James Long.
Presenter affiliation: TGen, Phoenix, Arizona.

Cloud-scale statistical analysis of multiple RNA-seq datasets
Ben Langmead, Kasper D. Hansen, Jeffrey T. Leek.

Presenter affiliation: Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland.

Regulation of human gene expression as a target of natural
selection

Tuuli Lappalainen, Antigone S. Dimas, Stephen B. Montgomery,
Eugenia Migliavacca, Barbara E. Stranger, Emmanouil T. Dermitzakis.
Presenter affiliation: University of Geneva Medical School, Geneva,
Switzerland.
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Influenza evolution—A molecular red queen race
Natalja Strelkowa, Michael L&ssig.
Presenter affiliation: University of Cologne, Cologne, Germany.

DNA rearrangements in cancer— Sixty tumor genomes and their
somatic structural alterations

Michael S. Lawrence, Yotam Drier, Michael F. Berger, Michael
Chapman, Robb Onofrio, Kristian Cibulskis, Carrie Sougnez, Wendy
Winckler, Levi A. Garraway, Eric S. Lander, Todd R. Golub, Stacey B.
Gabriel, Matthew L. Meyerson, Gad Getz.

Presenter affiliation: Broad Institute of MIT and Harvard, Cambridge,
Massachusetts.

A large public health effect of a common variant on chromosome
11913 (rs7927894) on eczema, asthma, and hay fever

Ingo Marenholz, Anja Bauerfeind, Jorge Esparza-Gordillo, Tamara
Kerscher, Raquel Granell, John Henderson, Young-Ae Lee.
Presenter affiliation: Charité, Berlin, Germany; Max-Delbriick-Centrum
(MDC) for Molecular Medicine, Berlin, Germany.

Genome-wide detection of target genes of long-range cis-
regulation

Altuna Akalin, David Fredman, Xianjun Dong, Gemma Danks, Boris
Lenhard.

Presenter affiliation: University of Bergen, Bergen, Norway.

Genome-wide reconstruction of identical-by-descent haplotypes
shared by first degree relatives using whole genome
resequencing

Denis M. Larkin, Miri Cohen-Zinder, Michael E. Goddard, Alvaro G.
Hernandez, Chris L. Wright, Lorie A. Hetrick, Lisa Boucek, Sharon L.
Bachman, Mark R. Band, Tatsiana Akraiko, Jyothi Thimmapuram, Tim
Harkins, Jennifer E. McCague, Ben Hayes, lona Macleod, Hans
Daetwyler, Harris A. Lewin.

Presenter affiliation: University of lllinois, Urbana-Champaign, lllinois.

Combined evidence from evolutionary, population-genetic and
disease studies points to a role of the epigenome in mediating
structural mutability of the human genome

Jian Li, Pawel Stankiewicz, Ronald A. Harris, Sau Wai Cheung, Ankita
Patel, Sung-Hae Kang, Chad A. Shaw, Craig Chinault, Lisa White,
Tomek Gambin, Anna Gambin, James R. Lupski, Aleksandar
Milosavljevic.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.
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Discovery and characterization of coding insertions and deletions
in 1000 exomes by de novo assembly

Yingrui Li, Jun Wang.
Presenter affiliation: Beijing Genomics Institute, Shenzhen, China.

Accurate CNV genotyping from massively parallel sequencing
data

Yun Li, Robert E. Handsaker, Gongalo R. Abecasis, Steven A.
McCarroll.

Presenter affiliation: University of North Carolina, Chapel Hill, North
Carolina.

Transcriptome alteration in hippocampus and spleen under the
treatment of regulative peptide Selank and some of its fragments
Svetlana A. Limborska, Timur A. Kolomin, Maria |. Shadrina, Stanislav
I. Shram, Petr A. Slominsky, Nikolay F. Myasoedov.

Presenter affiliation: Institute of Molecular Genetics, Russian Academy
of Sciences, Moscow, Russia.

Regulatory network that orchestrates the development of the B
cell lineage

Yin C. Lin, Suchit Jhunjhunwala, Christopher Benner, Sven Heinz,
Robert Mansson, Mikael Sigvardsson, James Hagman, Celso A.
Espinoza, Christopher K. Glass, Cornelis Murre.

Presenter affiliation: University of California, San Diego, La Jolla,
California.

Epigenomic reprogramming during induction of a pluripotent
state in human cells

Ryan Lister, Yasuyuki Kida, Shigeki Sugii, Mattia Pelizzola, Michael
Downes, Ruth Yu, Ronald M. Evans, Joseph R. Ecker.

Presenter affiliation: The Salk Institute for Biological Studies, La Jolla,
California.

Analysis of copy number variations among cattle breeds

George E. Liu.
Presenter affiliation: USDA-ARS, Beltsville, Maryland.

The genome of the man of the forest

Devin Locke.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.
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Novel gene regulatory network reconstruction in multiple HapMap
populations

Benjamin A. Logsdon, Stephen B. Montgomery, Barbara E. Stranger,
Emmanouil T. Dermitzakis, Jason G. Mezey.

Presenter affiliation: Cornell University, Ithaca, New York.

Phylogenetic mapping of RNA-seq reads using a graph algorithm
Albert Vilella, Tim Massingham, Ari Léytynoja.

Presenter affiliation: EMBL-European Bioinformatics Institute, Hinxton,
United Kingdom.

Small insertion and deletion variation in the 1000 Genomes
Project

G.A. Lunter, C.A. Albers, J. Marchini, S. Montgomery, R. Durbin, G.
McVean, 1000 Genomes Project Indel Variation Subgroup.
Presenter affiliation: WTCHG, Oxford, United Kingdom.

Studying the extent and function of epigenetic variation in twins
Kristina Gervin, Gregor Gilfillan, Hakon Gjessing, Jennifer Harris, Dag

Undlien, Robert Lyle.
Presenter affiliation: Oslo University Hospital, Oslo, Norway.

Sequencing of four type | diabetes susceptibility loci in 1000
samples

Aaron J Mackey, Shom N Paul, Roderick V Jensen, Aaron R Quinlan,
Benjamin J Boese, Neil M Walker, Helen Stevens, Chris Wallace, Ira
M Hall, Timothy T Harkins, Suna Onengut-Gumuscu, Patrick J
Concannon, John A Todd, Stephen S Rich

Presenter affiliation: University of Virginia, Charlottesville, Virginia.

Polymorphism discovery in low-pass population sequencing
Jared R. Maguire, Eric Banks, Manuel Rivas, Mark DePristo, David
Altshuler, Stacey Gabriel, 1000 Genomes Project Analysis Group,
Mark J. Daly.

Presenter affiliation: The Broad Institute of MIT and Harvard,
Cambridge, Massachusetts.

Combination of differential allelic expression in normal breast
with GWAS data for identification of breast cancer susceptibility
loci

Ana-Teresa Maia, Roslin Russell, Martin O'Reilly, Mark Dunning, Don
Conroy, Caroline Baynes, SEARCH Team, Kerstin Meyer, Bruce
Ponder.

Presenter affiliation: Cambridge Research Institute, Cambridge, United
Kingdom; University of Cambridge, Cambridge, United Kingdom.
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Computational and experimental definition of a microsatellite
based upon mutational behavior

Kateryna D. Makova, Yogeshwar D. Kelkar, Noelle Strubczewski,
Suzanne E. Hile, Francesca Chiaromonte, Kristin A. Eckert.
Presenter affiliation: Penn State University, University Park,
Pennsylvania.

Ancient and multiple origins of Przewalski's horses

Kateryna D. Makova, Hiroki Goto, Wen-Yu Chung, Oliver Ryder, Anton
Nekrutenko.

Presenter affiliation: Penn State University, University Park,
Pennsylvania.

Characterization of human-specific deletions that have been fixed
in our lineage

Tomas Marques-Bonet, Lin Chen, Jarrett Egertson, Jeffrey M. Kidd,
Peter Sudmant, Gregory M. Cooper, Carl Baker, Orangutan Genome
Consortium, Evan E. Eichler.

Presenter affiliation: University of Washington Seattle, Washington.

RNA-seq analysis of gene regulatory divergence in Drosophila
Joel McManus, Joseph D. Coolon, Michael O. Duff, Jodi E. Mains,
Patricia J. Wittkopp, Brenton R. Graveley.

Presenter affiliation: University of Connecticut Health Center,
Farmington, Connecticut.

Single nucleotide variants associated with therapy-related acute
myeloid leukemia subtypes

Megan E. McNerney, Christopher D. Brown, Kevin P. White.
Presenter affiliation: University of Chicago, Chicago, lllinois.

Cancer genome sequencing of primary tumors, xenografts and
derived cell lines

John D. McPherson, OICR/UHN/PMH Pancreatic Cancer Xenograft
and Sequencing Team.

Presenter affiliation: Ontario Institute for Cancer Research, Toronto,
Canada.

Comparative analysis of the centromere tandem repeat
sequences in eukaryotes

Daniél P. Melters, Keith Bradnam, Simon Chan, lan Korf.

Presenter affiliation: University of California, Davis, Davis, California.
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Identification of a YY-1 binding site as a causal variant at one of
8924 prostate cancer predisposition loci

Kerstin B. Meyer, Ana-Teresa Maia, Maya Ghoussaini, Martin O Reilly,
Radhika Prathalingam, Jason Carrol, Bruce A. Ponder.

Presenter affiliation: Cancer Research UK Cambridge Research
Institute, Cambridge, United Kingdom.

Discovering functional modules relevant for cancer progression
by identifying patterns of recurrent and mutuallly exclusive
mutations in tumor samples.

Christopher A. Miller, Stephen H. Settle, Erik P. Sulman, Kenneth
Aldape, Aleksandar Milosavljevic.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Helminth Genomics—The impact on global health

Makedonka Mitreva.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.

Direct single cell methylome profiling in memory circuits---Rapid
and massive DNA demethylation induced by neurotransmitters
Leonid L. Moroz, A. Kohn, M. Citarella, E. Bobkova, M. Lyons, E.
Levandowsky, H. Peckham, K. McKernan.

Presenter affiliation: University of Florida, Gainesville, Florida;
University of Florida, St. Augustine, Florida.

The genome of the ctenophore P. bachei—Molecular insights into
independent origins of nervous systems and complex behaviors
Leonid L. Moroz, F.Yu, M Citarella, A Kohn.

Presenter affiliation: Univ Florida, St. Augustine, Florida.

The sequencing of multiple genomes and transcriptomes to
characterize the evolution of host specificity in nematodes of the
genus Steinernema

Ali Mortazavi, Adler Dilman, Igor Antoshechkin, Erich M. Schwarz, Paul
W. Sternberg.

Presenter affiliation: California Institute of Technology, Pasadena,
California.

Nucleotide-resolution analysis of structural variants using
BreakSeq and a breakpoint library

Hugo Y. Lam, Xinmeng J. Mu, Adrian M. Stiitz, Andrea Tanzer, Philip
D. Cayting, Michael Snyder, Philip M. Kim, Jan O. Korbel, Mark B.
Gerstein.

Presenter affiliation: Yale University, New Haven, Connecticut.
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Using proteogenomics to validate and refine genome annotation
Jonathan M. Mudge, Markus Brosch, Gary Saunders, Jennifer Harrow,
Adam Frankish, Mark O. Collins, Lu Yu, Jyoti S. Choudhary, Tim
Hubbard.

Presenter affiliation: The Wellome Trust Sanger Institute, Cambridge,
United Kingdom.

The influences of chromatin structure on target site selection by
the Hermes transposon

Loris Mularoni, Sunil Gangadharan, Nancy Craig, Sarah Wheelan.
Presenter affiliation: Johns Hopkins University School of Medicine,
Baltimore, Maryland.

DNA sequence analysis of a ClinSeq participant using whole
genome and whole exome sequencing strategies

James C. Mullikin, Hatice O. Abaan, Jamie K. Teer, Praveen F.
Cherukuri, Pedro Cruz, Nancy F. Hansen, Daniel A. King, Stephen C.
Parker, Gerard G. Bouffard, Robert W. Blakesley, David Ng, Eric G.
Green, Elliott H. Margulies, Leslie G. Biesecker.

Presenter affiliation: National Human Genome Research Institute and
NIH Intramural Sequencing Center, Bethesda, Maryland.

Patterns of incomplete lineage sorting and ancestral population
genetics among the great apes

Kasper Munch, Thomas Mailund, Asger Hobolth, Julien Y. Dutheil,
Mikkel H. Schierup.

Presenter affiliation: Aarhus University, Aarhus, Denmark.

Improved microbial assembly and finishing using 8Kb 454
libraries

Donna Muzny, Christian Buhay, Yuan-Qing Wu, Shannon Dugan,
Xiang Qin, Irene Newsham, Sarah Highlander, Joseph Petosino,
Richard Gibbs.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Technology advancements for whole exome and whole genome
sequencing

Donna Muzny, Jeff Reid, Mark Wang, Yuan-Qing Wu, Irene Newsham,
Huyen Dinh, Matthew Bainbridge, Thomas Albert, Richard Gibbs.
Presenter affiliation: Baylor College of Medicine, Houston, Texas.

A genome-wide view of recombination, selection, and drug
resistance in a southeast Asian population of P. falciparum
Rachel A. Myers, Jianbing Mu, Xin-zhuan Su, Philip Awadalla.
Presenter affiliation: University of Montreal, Montreal, Canada; North
Carolina State University, Raleigh, North Carolina.
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Galaxy—From sample tracking to SNP calling—An interactive
poster

Ramkrishna Chakrabarty, Greg Von Kuster, Mark Chee, James Taylor,
Anton Nekrutenko.

Presenter affiliation: Penn State, University Park, Pennsylvania;
galaxyproject.org, Web, Pennsylvania.

The architecture of the regulatory landscape across multiple
tissues—The MuTHER study

Alexandra C. Nica, Leopold Parts, Stephen B. Montgomery, Antigone
Dimas, James Nisbett, Magdalena Sekowska, Amy Barrett, Mary
Travers, Simon Potter, Tsun-Po Yang, Josine Min, Elin Grundberg,
Kerrin Small, Asa Hedman, Daniel Glass, Krina T. Zondervan, Kourosh
Ahmadi, Richard Durbin, Panos Deloukas, Mark I. McCarthy, Timothy
D. Spector, Emmanouil T. Dermitzakis, the MUTHER Consortium.
Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom; University of Geneva Medical School, Geneva, Switzerland.

High-resolution landscape of Ube3a allelic exclusion revealed by
using highly parallel SNP typing

Koji Numata, Chihiro Kohama, Kuniya Abe, Hidenori Kiyosawa.
Presenter affiliation: RIKEN BRC, Tsukuba, Japan.

An efficient and robust algorithm for inferring ancestry in
admixed genomes

Larsson Omberg, Ronald Crystal, Andy Clark, Jason Mezey.
Presenter affiliation: Cornell University, Ithaca, New York.

Exome and CNV “hotspot” resequencing in autism

Brian J. O'Roak, Akash Kumar, Sarah B. Ng, lan Stanaway, Santhosh
Girirajan, Choli Lee, Emily H. Turner, Evan E. Eichler, Jay Shendure.
Presenter affiliation: University of Washington School of Medicine,
Seattle, Washington.

Transcript assembly and abundance estimation from RNA-Seq
reveals thousands of new transcripts and switching among
isoforms

Cole Trapnell, Brian A. Williams, Geo Pertea, Ali Mortazavi, Gordon
Kwan, Marijke J. van Baren, Steven L. Salzberg, Barbara J. Wold, Lior
Pachter.

Presenter affiliation: University of California, Berkeley, Berkeley,
California.
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PiggyBac-ing on a primate genome—Novel elements, recent
activity and horizontal transfer

Heidi J. Pagan, Jeremy D. Smith, Robert M. Hubley, David A. Ray.
Presenter affiliation: Mississippi State University, Mississippi State,
Mississippi.

Strong purifying selection at genes escaping X chromosome
inactivation

Chungoo Park, Laura Carrel, Kateryna Makova.

Presenter affiliation: The Pennsylvania State University, University
Park, Pennsylvania.

New families of human regulatory RNA structures identified by
comparative analysis of vertebrate genomes.

Brian J. Parker, Ida Moltke, Jakob S. Pedersen.

Presenter affiliation: University of Copenhagen, Copenhagen,
Denmark.

Whole-genome sequencing and analysis of multiple pairs of
patient-matched melanoma tumor and normal samples

Stephen C. Parker, Isabel Cardenas-Navia, Hatice Ozel Abaan, Jamie
K. Teer, Praveen F. Cherukuri, Pedro Cruz, Nancy F. Hansen,
Subramanian S. Ajay, Andrew L. Young, James C. Mullikin, Steven A.
Rosenberg, Yardena Samuels, Elliott H. Margulies.

Presenter affiliation: National Institutes of Health, Bethesda, Maryland.

Applying array capture, lllumina sequencing, and neurobiology to
the investigation of bipolar disorder

Jennifer S. Parla, Melissa Kramer, Ivan lossifov, Fernando S. Goes,
James B. Potash, W. Richard McCombie.

Presenter affiliation: Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York.

Human cis-regulatory SNPs (cis-rSNPs) altering transcription

Tony Kwan, Dominique Verlaan, Manon Ouimet, Bing Ge, Vincent

Gagné, Kevin Lam, Vonda Koka, Kevin Gunderson, Daniel Sinnett,
Tomi Pastinen.

Presenter affiliation: McGill University, Montreal, Canada.

Elucidating the chromatin architecture of loci associated with
blood traits and coronary artery disease

Dirk S. Paul, Sylvia Niirnberg, Nicole Soranzo, Willem H. Ouwehand,
Panos Deloukas.

Presenter affiliation: Wellcome Trust Sanger Institute, Cambridge,
United Kingdom.

XXXIX

218

219

220

221

222

223

224



Assaying DNA methylation with reduced representation bisulfite
sequencing

Florencia Pauli, Katherine E. Varley, Jason Gertz, Timothy E. Reddy,
Kevin M. Bowling, Stephanie L. Parker, Rebekka O. Sprouse, Richard
M. Myers.

Presenter affiliation: HudsonAlpha Institute for Biotechnology,
Huntsville, Alabama.

Fitness determinants associated with copy number changes
Celia Payen, Anna C. Brosius, Maitreya J. Dunham.
Presenter affiliation: University of Washington, Seattle, Washington.

Fluctuations of the gastrointestinal microbiome associated with
diabetes mellitus and travelers’ diarrhea

Joseph F. Petrosino, Matthew C. Ross, Bonnie Youmans, Sarah K.
Highlander, Susan P. Fisher-Hoch, Richard A. Gibbs.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Genome sequencing of Elephant Endotheliotropic Herpesvirus 1A
from infected heart tissue

Joseph F. Petrosino, Jeffrey G. Reid, David Deiros, Yi Han, Jeffrey
Stanton, Paul D. Ling, Richard A. Gibbs.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Rapid quantitation of mMRNA, proteins, and PTMs applied to a
systems-level analysis of human ES, iPS, and fibroblast cells
Douglas H. Phanstiel, Brumbaugh Justin, Thomson A. James, Coon J.
Joshua.

Presenter affiliation: University of Wisconsin - Madison, Madison,
Wisconsin.

Understanding mechanisms underlying human gene expression
variation with RNA sequencing

Joseph K. Pickrell, John C. Marioni, Athma A. Pai, Jacob F. Degner,
Barbara E. Engelhardt, Everlyne Nkadori, Jean-Baptiste Veyrieras,
Matthew Stephens, Yoav Gilad, Jonathan K. Pritchard.

Presenter affiliation: University of Chicago, Chicago, lllinois.

Inverse mapping approach implies the role of large CNVs in
intellectual deficits and learning difficulties in a population cohort
Olli Pietildinen, Susan Service, Marjo-Riitta Jarvelin, Nelson B.
Freimer, Leena Peltonen.

Presenter affiliation: The Sanger Institute, Cambridge, United
Kingdom; Institute for Molecular Medicine Finland, FIMM, Helsinki,
Finland.
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Recognition, categorization, and characterization of transposable
elements in a non-muroid rodent—S. tridecemlineatus

Roy N. Platt, David A. Ray.

Presenter affiliation: Mississippi State University, Mississippi State,
Mississippi.

Genome repeat structure and context-dependent evolution of
genomes

David D. Pollock, A.P.Jason de Koning, Todd A. Castoe, Wanjun Gu.
Presenter affiliation: University of Colorado School of Medicine,
Aurora, Colorado.

Recalibration of base quality scores

Ryan Poplin, Eric Banks, Anthony A. Philippakis, Andrew Kernytsky,
Mark Daly, David Altshuler, Stacey Gabriel, Mark DePristo.
Presenter affiliation: Broad Institute, Cambridge, Massachusetts.

Detection of copy number variations in individuals with autism
spectrum disorders using the Agilent 1M CGH array

Aparna Prasad, Dalila Pinto, Christian Marshall, Bhooma
Thiruvahindrapduram, Zhuozhi Wang, Stephen W. Scherer.
Presenter affiliation: The Centre for Applied Genomics, Toronto,
Canada.

An integrated approach based on 454-sequencing of JAZF1 gene,
genotyping and data from HapMap and 1000 Genomes projects
identifies novel candidate SNPs for association with prostate
cancer

McAnthony Tarway, Patricia Porter-Gill, Wei Tang, Yi-Ping Fu, Allison
Burrel, Zuoming Deng, Luyang Liu, Kevin Jacobs, Demetrius Albanes,
Ryan Divers, Michael Thun, Gilles Thomas, Meredith Yeager, Stephen
Chanock, Ludmila Prokunina-Olsson.

Presenter affiliation: NCI, National Institutes of Health, Bethesda,
Maryland.

Assessing the accuracy and completeness of the bonobo
genome sequence

Kay Prifer, Susan E. Ptak, Anne Fischer, Jeffrey M. Good, James C.
Mullikin, Jason Miller, Chinnappa D. Kodira, James R. Knight, The
Bonobo Genome Consortium, Janet Kelso, Svante Paabo.
Presenter affiliation: Max-Planck-Institute for Evolutionary
Anthropology, Leipzig, Germany.
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THURSDAY, May 13—4:30 PM

SESSION 7 ELSI PANEL and DISCUSSION

RETURNING RESEARCH RESULTS TO PARTICIPANTS
IN LARGE-SCALE GENOMICS STUDIES

Moderator: Susan M. Wolf, J.D., University of Minnesota

Panelists: Yann Joly, DCL, McGill University
Kazuto Kato, Ph.D., Kyoto University
Jane Kaye, Ph.D., Oxford University
Isaac Kohane, M.D., Ph.D., Harvard Medical School

As biobanks and large-scale genomics research projects proliferate around
the globe, debate is growing about whether, when, and how to return
individual research results and incidental findings to the people who donated
their samples for study. The topic raises difficult questions about the extent
of the ethical and legal duties that may, or may not, be owed to research
participants. It also has important operational implications.

The traditional approach—at least in most large-scale studies involving
researchers who are not clinicians—has been not to return any research
results. In fact, individual identifiers in such studies are frequently removed,
making the whole question of whether to return results essentially moot as it
is impossible to associate the data to a named person when no identifiers
are available. At the opposite extreme, some have called for the return of all
individual research results, or at least giving participants the option to choose
what information they will receive; proponents of this approach argue that
any withholding of data is unduly paternalistic. A middle ground advocated
by some is to strike a balance, returning results only in cases where the
results are scientifically validated and clinically actionable. The question of
when, if ever, to return incidental research findings (findings beyond the aims
of a study but which have potential clinical or reproductive significance) is an
important part of the debate. Whatever position is taken on these issues will
have major implications for the operation of the study and for the burdens on
both researchers and participants. This panel will provide a range of
perspectives on these questions from four parts of the world: Canada,
Japan, the United States, and the U.K
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THURSDAY, May 13—7:30 PM

SESSION 8 EVOLUTIONARY GENOMICS

Chairperson: L. Kruglyak, Princeton University, New Jersey
D. Petrov, Stanford University, California

Dissection of genetically complex traits with extremely large
pools of yeast segregants

lan M. Ehrenreich, Noorossadat Torabi, Yue Jia, Jonathan Kent,
Stephen Martis, Joshua A. Shapiro, David Gresham, Amy A. Caudy,

Leonid Kruglyak.
Presenter affiliation: Princeton University, Princeton, New Jersey.

Genomic heterozygosity and loss-of-heterozygosity in wild yeast

Paul M. Magwene.
Presenter affiliation: Duke University, Durham, North Carolina.

Five vertebrate ChiP-seq reveals the evolutionary dynamics of
transcription factor binding

Dominic Schmidt, Michael D. Wilson, Benoit Ballester, Petra C.
Schwalie, lannis Talianidis, Paul Flicek, Duncan T. Odom.
Presenter affiliation: University of Cambridge, Cambridge, United
Kingdom; Cancer Research UK, Cambridge, United Kingdom.

Retrotransposons in the orangutan (P. pygmaeus) lineage—A
new evolutionary tale

Miriam K. Konkel, Jerilyn A. Walker, Brygg Ulimer, Leona G.
Chemnick, Oliver A. Ryder, Robert Hubley, Arian F A. Smit, Mark A.
Batzer, for the Orangutan Genome Sequencing and Analysis
Consortium.

Presenter affiliation: Louisiana State University, Baton Rouge,
Louisiana.

Adaptation in Drosophila is not limited by mutation at single sites
Dmitri Petrov.
Presenter affiliation: Stanford University, Stanford, California.

A Neandertal perspective on human origins

Svante Paabo, David Reich, Richard E. Green.
Presenter affiliation: MPI-EVA, Leipzig, Germany.
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Human-specific loss of regulatory DNA and the evolution of
human-specific traits

Cory Y. McLean, Philip L. Reno, Alex A. Pollen, Abraham |. Bassan,

Terence D. Capellini, Catherine Guenther, Vahan B. Indjeian, Bruce T.
Schaar, Douglas B. Menke, Aaron M. Wenger, Gill Bejerano, David M.
Kingsley.

Presenter affiliation: Stanford University, Stanford, California. 244

Emerging speciation in ocean microbes is driven by a few
ecologically-relevant genomic loci

B. Jesse Shapiro, Jonathan Friedman, Otto X. Cordero, Sarah

Preheim, Eric Alm, Martin Polz.

Presenter affiliation: Massachusetts Institute of Technology,

Cambridge, Massachusetts. 245

FRIDAY, May 14—9:00 AM

SESSION 9 POPULATION GENOMIC VARIATION

Chairperson: D. Adams, Wellcome Trust Sanger Institute, Hinxton,
United Kingdom
R. Nielsen, University of California, Berkeley

The sequence and analysis of 17 laboratory and wild-derived

mouse genomes, and high resolution QTL analysis in a

heterogeneous stock cross

Jonathan Flint, Thomas M. Keane, Binnaz Yalcin, Jim Stalker, Kim

Wong, Xiangchao Gan, Petr Danecek, Avigail Agam, Martin Goodson,

Guy Slater, lan Jackson, Laura Reinholdt, Leah Rae Donahue, Steve

Brown, Ewan Birney, Allan Bradley, Chris Ponting, Richard Mott,

Richard Durbin, David J. Adams.

Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom. 246

Results and lessons from the 1000 Genomes Project pilot, and

moving on to much more

Richard Durbin, on behalf of the 1000 Genomes Project.

Presenter affiliation: Wellcome Trust Sanger Institute, Cambridge,

United Kingdom. 247
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Complete genome sequencing and analysis of diploid African-
American and Mexican-American genomes—Implications for
personal ancestry reconstruction and multi-ethnic medical
genomics

Carlos D. Bustamante, Jeremiah D. Degehnardt, Shaila Musharoff,
Katarzyna Bryc, Jeffrey M. Kidd, Vrunda Seth, Sarah Stanley, Abra
Brishin, Alon Keinan, Andrew Clark, Francisco M. De La Vega.
Presenter affiliation: Stanford University, Stanford, California; Cornell
University, Ithaca, New York.

Comparative population genomics—Analysis of genome-wide
sequence data in 10 Western chimpanzees

Peter Donnelly, Adi Fledel-Alon, Stephanie C. Melton, Adam Auton,
Oliver Venn, Susanne Pfeifer, Gerton Lunter, Zam Igbal, Rory Bowden,
Simon Myers, Gil McVean, Molly Przeworski.

Presenter affiliation: University of Oxford, Oxford, United Kingdom.

Population genetic analyses of next-generation sequencing data
Rasmus Nielsen, Thorfinn Korneliusen, Emilia Huerta-Sanchez,
Nicolas Vinckenbosch, Yingrui Li, Jun Wang.

Presenter affiliation: UC Berkeley, Berkeley, California; University of
Copenhagen, Denmark.

Genetic variation in Native Americans
Jeffrey D. Wall, Rong Jiang, Celeste Eng, Scott Huntsman.
Presenter affiliation: UCSF, San Francisco, California.

Signatures of natural selection in the first pilot experiment of the
1000 Genomes Project

Ryan D. Hernandez, Joanna L. Kelley, S. Cord Melton, Adam Auton,
Gil McVean, Guy Sella, Molly Przeworski, 1000 Genomes Project.
Presenter affiliation: University of California, San Francisco, San
Francisco, California; University of Chicago, Chicago, lllinois.

High resolution QTL mapping by deep shotgun sequencing a
segregating yeast population under selection

Leopold Parts, Gianni Liti, Kanika Jain, Francisco Cubillos, Edward J.
Louis, Richard Durbin.

Presenter affiliation: Wellcome Trust Sanger Institute, Cambridge,
United Kingdom.
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FRIDAY, May 14—2:00 PM

SESSION 10 POSTER SESSION IlI

Single base resolution of medaka fish DNA methylomes

Wei Qu, Shin-ichi Hashimoto, Atsuko Shimada, Yutaka Suzuki, Sumio
Sugano, Hiroyuki Takeda, Shinichi Morishita.

Presenter affiliation: The University of Tokyo, Chiba, Japan.

A deletion in chromosome 5 generating a chimaeric gene is a
protective factor against ischaemic stroke

R. Rabionet, S.Villatoro, J. Aigner, J. Jimenez-Conde, R. Elosua, L.
Armengol, I. Fernandez-Cadenas, J. Montaner, E. Marti, J. Roquer, X.
Estivill.

Presenter affiliation: Centre for Genomic Regulation, Barcelona, Spain.

Construction of the first SSR-based linkage map of flax (L.
usitatissimum L.) and localization of QTLs underlying fatty acid
composition

Raja Ragupathy, Scott Duguid, Sylvie Cloutier.

Presenter affiliation: Cereal Research Centre, Winnipeg, Canada.

Online quantitative transcriptome analysis

Regina Bohnert, Jonas Behr, Andre Kahles, Geraldine Jean, Gunnar
Raetsch.

Presenter affiliation: Max Planck Society, Tuebingen, Germany.

Exon capture and re-sequencing in rhesus macaques for
identification of SNPs in genes expressed in the brain

M. Raveendran, G.L. Fawcett, M. Bainbridge, F. Yu, J. Yu, D. Muzny,
R.A. Harris, A. Milosavljevic, R.A. Gibbs, J. Rogers.

Presenter affiliation: Baylor College of Medicine Human Genome
Sequencing Center Houston, Texas.

Transposable element landscape characterization in five bat
genomes using 454 sequence data

David A. Ray, Heidi Pagan.

Presenter affiliation: Mississippi State University, Mississippi State,
Mississippi.
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Tools to extract systems biology data from microbial model
systems

Chris Armour, Yasuhiro Oda, Sam Phattarasukol, Matt Biery, Caroline
Harwood, Colin Lappala, Chris Raymond.

Presenter affiliation: NUGEN Technologies, Inc., Bothell, Washington.

Identifying functional regulatory DNA sequence variants in the
human genome with ChIP-seq and RNA-seq

Timothy E. Reddy, Jason Gertz, Florencia Pauli, Kimberly M.
Newberry, Ali Mortazavi, Brian A. Williams, Georgi Marinov, Barbara
Wold, Richard M. Myers.

Presenter affiliation: HudsonAlpha Institute for Biotechnology,
Huntsville, Alabama.

Testing for gene flow between Neandertals and modern humans
David Reich, Richard E. Green, Svante Paabo.
Presenter affiliation: Harvard Medical School, Boston, Massachusetts.

Applications of rapid sequence fragment screening to large-scale
sequencing data

Jeffrey G. Reid, David Rio Deiros, Matthew Bainbridge, Richard A.
Gibbs.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Detection of rare polymorphisms in hypermutated IgVh in chronic
lymphocytic leukemia (CLL) cells

Juan L. Rodriguez-Flores, Olivier Harismendy, Karen Messer, Bradley
Messmer, Thomas J. Kipps, Kelly A. Frazer.

Presenter affiliation: UCSD, La Jolla, California.

Novel multi-nucleotide polymorphisms in the human genome
characterized by whole genome and exome sequencing

Jeffrey A. Rosenfeld, Anil K. Malhotra, Todd Lencz.

Presenter affiliation: Zucker Hillside Hospital, Glen Oaks, New York.

Post-light sequencing with semiconductor chips
Jonathan M. Rothberg.
Presenter affiliation: lon Torrent, Guilford, Connecticut.
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Survey of 20,000 human Y chromosomes shows that two
deletions within the AZFc region exist at polymorphic frequencies
in diverse populations

Steve Rozen, Janet D. Marszalek, Katherine Irenze, Kristin Ardlie,
David C. Page.

Presenter affiliation: Duke-NUS Graduate Medical School, Singapore,
Singapore; Howard Hughes Medical Institute, Whitehead Institute, and
Massachusetts Institute of Technology, Cambridge, Massachusetts.

Drosophila chromosomal evolution—The role of transposable
elements

Alfredo Ruiz, Oriol Calvete, Fernando Prada, Alejandra Delprat, Josefa
Gonzélez.

Presenter affiliation: Universitat Autononoma de Barcelona, Bellaterra
(Barcelona), Spain.

Genome-wide analysis of N. crassa transcripts regulated by the
nonsense-mediated mRNA decay pathway

Ying Zhang, Fei Yang, Mohammed Mohiuddin, Stephen K. Hutchison,
Lorri A. Guccione, Chinnappa Kodira, Matthew S. Sachs.

Presenter affiliation: Texas A&M University, College Station, Texas.

Silk Weaver—A workflow management system for NGS data
analysis

Taro L. Saito, Jun Yoshimura, Wei Qu, Shinichi Morishita.

Presenter affiliation: University of Tokyo, Kashiwa City, Chiba, Japan.

A genome-wide analysis of population structure in Sweden
Elina Salmela, Tuuli Lappalainen, Paivi Lahermo, Jianjun Liu, Kamila
Czene, Per Hall, Juha Kere.

Presenter affiliation: University of Helsinki, Helsinki, Finland.

CHD7 functions as a regulator of both nucleoplasmic and
nucleolar gene expression

Mike P. Schnetz, Gabriel E. Zentner, Peter C. Scacheri.

Presenter affiliation: Case Western Reserve University, Cleveland,
Ohio.

Assembly and evolutionary analysis of the gorilla genome

Aylwyn Scally.
Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United

Kingdom.
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Genome-wide association uncovers a novel antimalarial
resistance gene in P. falciparum

Stephen F. Schaffner, Daria Van Tyne, Daniel J. Park, Daniel E.
Neafsey, Elaine Angelino*, Joseph Cortese, Kayla Barnes, David
Rosen, Amanda Lukens, Rachel Daniels, Danny Milner, Charles
Johnson, llya Shlyakhter, Shari Grossman, Daniel Yamins, Dyann F.
Wirth, Sarah K. Volkman, Pardis C. Sabeti.

Presenter affiliation: Broad Institute, Cambridge, Massachusetts.

De novo assembly of large genomes using cloud computing.
Michael C. Schatz, Dan Sommer, David Kelley, Mihai Pop.
Presenter affiliation: University of Maryland, College Park, Maryland.

Comparative population genomics of the plant pathogenic fungi
Mycosphaerella graminicola and its wild relative species

Eva H. Stukenbrock, Troels T. Hansen, Julien Y. Dutheil, Thomas
Bataillon, Ruigiang Li, Marcello Zala, Bruce A. McDonald, Wang Jun,
Mikkel H. Schierup.

Presenter affiliation: Aarhus University, Aarhus, Denmark.

Linking allele specific expression and DNA methylation in the H1
human embryonic stem cell genome

Robert J. Schmitz, Matthew D. Schultz, Ryan Lister, Mattia Pelizzola,
Tanya Biorac, Delia Ye, Miroslav Dudas, Gavin D. Meredith,
Christopher C. Adams, Joseph R. Ecker.

Presenter affiliation: The Salk Institute of Biological Studies, La Jolla,
California.

Changing with the times—The human reference genome
V. Schneider, P. Flicek, T. Graves, T. Hubbard, D. Church.
Presenter affiliation: NCBI, NLM, National Institutes of Health,
Bethesda, Maryland.

Flash sequencing—Structure and sequence information from
single molecules

Timothy M. Schramm, Konstantinos Potamousis, Steve Goldstein,
Quinglin Pei, Shiguo Zhou, Michael Newton, David C. Schwartz.
Presenter affiliation: Univeristy of Wisconsin-Madison, Madison,
Wisconsin.

Use of large scale linkage and genome-wide association study
results to estimate the upper bound for the effect sizes of less
common causal variants and the likelihood they are responsible
for common genome-wide association signals for type 2 diabetes
Laura J. Scott, Weihua Guan, Michael Boehnke.

Presenter affiliation: University of Michigan, Ann Arbor, Michigan.
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Enhancing the annotation of genomes in Ensembl

Stephen Searle, Bronwen Aken, Julio Banet, Susan Fairley, Felix
Kokocinski, Magali Ruffier, Amy Tang, Jan Vogel, Simon White.
Presenter affiliation: Wellcome Trust Sanger Institute, Cambridge,
United Kingdom.

High resolution analysis of CNV breakpoints reveals potentially
predisposing sequence motifs and variable mechanisms of
genomic rearrangement.

Hung-Chun Yu, Chad Haldeman-Englert, Elizabeth A. Geiger, Hongbo
M. Xie, Juan C. Perin, Xiaowu Gai, Tamim H. Shaikh.

Presenter affiliation: University of Colorado, Aurora, Colorado.

Tandem repeat sequences as causative cis eQTLs for protein-
coding gene expression variation—The case of CSTB

Andrew J. Sharp, Christelle B. Borel, Eugenia Migliavacca, Emmanouil
T. Dermitzakis, Maryline Gagnebin, Stylianos E. Antonarakis.
Presenter affiliation: University of Geneva Medical School, Geneva,
Switzerland.

Comparing the transcriptional circuits controlling human and
mouse hematopoiesis

Tal Shay, Vladimir Jojic, Noa Novershtern, The Immunological
Genome Project Consortium, Benjamin L. Ebert, John L. Rinn, Daphne
Koller, Aviv Regev.

Presenter affiliation: Broad Institute, Cambridge, Massachusetts.

The design of whole genome resequencing for association
studies

Yufeng Shen, Itsik Pe'er.

Presenter affiliation: Columbia University, New York, New York.

Methylation detection in a MCF-7 cell line using ultra high-
throughput bisulfite-sequencing with the SOLIiD™ System

Vrunda Sheth, Stephen F. McLaughlin, Zheng Zhang, Christina Chung,
Melissa A. Barker, Victoria L. Boyd, Heather E. Peckham.

Presenter affiliation: Life Technologies, Beverly, Massachusetts.

In-depth metabolic characterization of genetic loci underlying
serum-lipids

S.-Y. Shin, A.-K. Petersen, W. Rémisch-Margl, G. Zhai, K. Small, R.
Wang-Sattler, E. Grundberg, J. Ried, A. Doring, H.-E. Wichmann, M.
Hrabé de Angelis, H.-W. Mewes, T. lllig, T.D. Spector, J. Adamski, K.
Suhre, C. Gieger, N. Soranzo.

Presenter affiliation: Wellcome Trust Sanger Institute, Hinxton, United
Kingdom.
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Using Bioscope(tm) Software and the SOLiD™ System to
investigate variation in the human genome at high coverage and
accuracy

Asim Siddiqui, Heather Peckham, Fiona Hyland, Aaron Kitzmiller, Jeff
Ichikawa, Somalee Datta, Eric Tsung, Charles Scafe, Yutao Fu,
Rajesh Gottimukkala, Caleb Kennedy, Stephen McLaughlin, Onur
Sakarya, Paolo Vatta, Zheng Zhang, Gina Costa, Ellen Beasley.
Presenter affiliation: Life Technologies, Foster City, California.

Estimation of ancestral human demography from individual
genome sequences

llan Gronau, Brad Gulko, Charles G. Danko, Melissa J. Hubisz,
Stephan C. Schuster, Webb Miller, Vanessa M. Hayes, Adam Siepel.
Presenter affiliation: Cornell University, Ithaca, New York.

Prediction of transcription factor binding sites using both
sequence and expression information from multiple species
Elizabeth Siewert, Katerina Kechris.

Presenter affiliation: University of Colorado Denver, Aurora, Colorado.

Sequence capture technology for re-sequencing in non-human
genomes

Snaevar Sigurdsson, Gerli Pielberg, Evan Mauceli, Claire Wade, Cord
Drogemuller, Mia Olsson, Leeb Tosso, Matthew Webster, Kerstin
Lindblad-Toh.

Presenter affiliation: Broad Institute, Cambridge, Massachusetts;
Uppsala University, Uppsala, Sweden.

Identification of structural variation in next-generation sequence
data by multiple-signal integration

Selim Onal, Luke C. Peng, Anna Ritz, Hsin-Ta Wu, Suzanne S. Sindi,
Benjamin J. Raphael.

Presenter affiliation: Brown University, Providence, Rhode Island.

Expedited batch processing and analysis of transposon insertion
sites in non-mammalian vertebrates

Jeremy D. Smith, David A. Ray.

Presenter affiliation: Mississippi State University, Starkville,
Mississippi.

Tight regulation of large-scale somatic rearrangement in a basal
vertebrate genome

Jeramiah J. Smith, Evan E. Eichler, Chris T. Amemiya.

Presenter affiliation: Benaroya Research Institute, Seattle,
Washington.
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Analysis of metagenomic human specimens at the Washington
University Genome Center

Erica Sodergren, Hongyu Gao, Kathie Mihindukulasuriya, Yanjiao
Zhou, Kristine Wylie, Tiffany Williams, Makedonka Mitreva, John
Martin, Sahar Abubucker, Karthik Kota, Lynn Carmichael, Eric deMello,
Josh Peck, Wllliam Shannon, Elena Deych, Jia Wang, George M.
Weinstock.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.

Targeted sequencing of indexed libraries using pools of
biotinylated oligonucleotide capture probes

Frank J. Steemers, Kerri York, Wiehua Chang, Jean Lozach, Casey
Turk, Jerry Kakol, Jennie M. Le, Natasha Pignatelli, Mostafa Ronaghi,
Niall Gormley, Johanna Whitacre, Melissa Shults, Kevin L. Gunderson.
Presenter affiliation: lllumina, Inc., San Diego, California.

Are nucleosome positions in vivo primarily determined by
histone-DNA sequence preferences?

Arnold Stein, Taichi E. Takasuka, Clayton K. Collings.
Presenter affiliation: Purdue University, West Lafayette, Indiana.

Leveraging the 1000 Genomes Project for next-generation
microarrays

Michael A. Eberle, Jennifer L. Stone, Karine Viaud, Luana Galver,
Chan Tsan, Ken Kuhn.

Presenter affiliation: lllumina Inc., San Diego, California.

Copy number variation and gene family diversity from 151
sequenced human genomes

Peter Sudmant, Jacob Kitzman, Katie Campbell, Nick Sampas, Anya
Tsalenko, Maika Malik, Francesca Antonacci, 1000 Genomes
Consortium, Jay Shendure, Evan Eichler.

Presenter affiliation: University of Washington, Seattle, Washington.

Direct estimation of the microsatellite mutation rate

James X. Sun, Agnar Helgason, Gisli Masson, Sunna Ebenesersdéttir,
Nick Patterson, Augustine Kong, David E. Reich, Kari Stefansson.
Presenter affiliation: MIT, Cambridge, Massachusetts; Harvard Medical
School, Boston, Massachusetts.

Deep sequencing analysis and characterization of transcriptional
start sites

Yutaka Suzuki, Riu Yamashita, Kenta Nakai, Sumio Sugano.
Presenter affiliation: University of Tokyo, Kashiwa, Japan.
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Polymorphic LTR retrotransposons can terminate transcripts at a
distance, causing mouse lineage variation

Jingfeng Li, Keiko Akagi, Yongjun Hu, Natalia Volfovsky, Robert M.
Stephens, David E. Smith, David E. Symer.

Presenter affiliation: Ohio State University, Columbus, Ohio.

A next-generation of methods for characterizing complex
balanced rearrangements contributing to developmental
disorders

Michael E. Talkowski, Bhavana Muddukrishna, Carl Ernst, Andrew
Kirby, Toshiro Ohsumi, Mark Borowsky, Mark J. Daly, Cynthia C.
Morton, James F. Gusella.

Presenter affiliation: Massachusetts General Hospital/Brigham and
Women's Hospital and Harvard Medical School Boston,
Massachusetts; Broad Institute, Cambridge, Massachusetts.

HIF-1a ChIP-Seq analysis of cancer cell line DLD-1
Kousuke Tanimoto, Katsuya Tsuchihara, Yutaka Suzuki, Sumio
Sugano.

Presenter affiliation: the University of Tokyo, Kashiwa, Japan.

Evaluating the efficacy of cross-species microarray-based
genomic capture and its application to targeted sequencing in a
nonhuman primate model for HIV/AIDS research

K. Mondal, J.K. Davis, V.C. Patel, A.C. Shetty, Z.P. Johnson,
G.Silvestri, M.E. Zwick, James W. Thomas.

Presenter affiliation: Emory University School of Medicine, Atlanta,
Georgia.

Global analysis of RNA and protein changes in response to
osmotic stress

Scott E. Topper, M. Violet Lee, Joshua J. Coon, Audrey P. Gasch.
Presenter affiliation: University of Wisconsin-Madison, Madison,
Wisconsin.

Cufflinks—Transcript assembly, abundance estimation, and
differential expression with RNA-Seq

Cole Trapnell, Brian A. Williams, Geo Pertea, Ali Mortazavi, Gordon
Kwan, Marijke J. van Baren, Steven L. Salzberg, Barbara J. Wold, Lior
Pachter.

Presenter affiliation: University of Maryland, College Park, College
Park, Maryland; University of California, Berkeley, Berkeley, California.
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Next generation whole exome sequencing in familial cancer
Lisa R. Trevino, David A. Wheeler, Kyle Chang, Donna M. Muzny,
Jeffrey G. Reid, Richard A. Gibbs, Sharon E. Plon.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Comparing genomic sequence of select large stretches of inbred
rat strains using three different sequencing platforms in tandem
Michael Tschannen, Elizabeth Worthey, Kathrin Saar, Marek Tutaj,
Oliver Hummel, Giannino Patone, Wei Chen, Howard Jacob, Norbert
Hubner.

Presenter affiliation: Medical College of Wisconsin, Milwaukee,
Wisconsin.

The transcriptomes of two heritable cell types help illuminate the
circuit governing their differentiation

Brian B. Tuch, Quinn M. Mitrovich, Oliver R. Homann, Aaron D.
Hernday, Francisco M. De La Vega, Alexander D. Johnson.

Presenter affiliation: University of California, San Francisco, San
Francisco, California; Life Technologies, Foster City, California.

Construction of a real-time disease weather map
Stephen W. Turner, Eric E. Schadt.
Presenter affiliation: Pacific Biosciences, Menlo Park, California.

Origins and evolution of sulfadoxine resistance in human malaria
parasite, P. falciparum

Sumiti Vinayak, Md Taugeer Alam, Kanungnit Congpuong, Chansuda
Wongsrichanalai, Laurence Slutsker, Ananias A. Escalante, John W.
Barnwell, Venkatachalam Udhayakumar.

Presenter affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia; Atlanta Research and Education Foundation,
Decatur, Georgia.

Strand-specific RNA sequencing of HepG2 cells identifies genes
that are differentially expressed, alternatively spliced and
allelically imbalanced in response to TGF-beta

Stefan Enroth, Ola Wallerman, Brian Tuch, Catalin Barbacioru, Madhu
Bysani, Robin Andersson, Stefan Thermén, Aristidis Moustakas, Carl-
Henrik Heldin, Niclas Eriksson, Sarah Stanley, Jian Gu, Scott
Kuersten, Melissa Barker, Jan Komorowski, Kevin McKernan,
Francisco M. De La Vega, Claes Wadelius.

Presenter affiliation: Uppsala University, Uppsala, Sweden.
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Genotyping structural variants from new sequencing technology
data

Klaudia Walter, Lorenz Wernisch, Le Si Quang, Richard Durbin,
Matthew E. Hurles, and the Structural Variation Group of the 1000
Genomes Consortium.

Presenter affiliation: Sanger Institute, Hinxton, Cambridge, United
Kingdom.

Exploring the digital “Tree of Life” by decoding the genomes of
1000 plants and animals

Xun Xu, Jun Wang.

Presenter affiliation: Beijing Genomics Institute, Shenzhen, China.

Interpretation of association signals and identification of causal
variants from genome-wide association studies

Kai Wang, Samuel P. Dickson, Catherine A. Stolle, lan D. Krantz,
David B. Goldstein, Hakon Hakonarson.

Presenter affiliation: Children's Hospital of Philadelphia, Philadelphia,
Pennsylvania.

RAP—RNA-seq data analysis package

Liguo Wangq, Yuanxin Xi, Wei Li.

Presenter affiliation: Dan L. Duncan Cancer Center, Baylor College of
Medicine, Houston, Texas.

Identification of rare DNA variants in mitochondrial disorders with

improved array-based sequencing

Wenyi Wang, Peidong Shen, Sreedevi Thyagarajian, Curtis Palm, Rita

Horvath, Thomas Klopstock, Lynn Pique, Iris Schrijver, Ronald W.
Davis, Michael Mindrinos, Terence P. Speed, Curt Scharfe.
Presenter affiliation: Stanford University, Palo Alto, California; UC
Berkeley, Berkeley, California.

Dysregulation of gene expression and allelic imbalance in
mammalian interspecific hybrids

Xu Wang, Don Miller, Doug Antczak, Andrew Clark.

Presenter affiliation: Cornell University, Ithaca, New York.
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Recurring human leukemia mutations discovered by sequencing
a mouse Acute Promyelocytic Leukemia (APL) genome

Lukas D. Wartman, David E. Larson, Li Ding, Ken Chen, Zhifu Xiang,
John S. Welch, Patrick Cahan, Jacqueline E Payton, Michael D.
McLellan, Heather Schmidt, Ling Lin, Robert S. Fulton, Rachel M.
Abbott, Lisa Cook, Sean D. McGrath, Xian Fan, Adam F. Dukes,
Tamara L. Lamprecht, Michael H. Tomasson, Elaine R. Mardis,
Richard K. Wilson, Timothy J. Ley.

Presenter affiliation: Washington University School of Medicine, St.
Louis, Missouri.

Functional consequences of bidirectional promoters
Wu Wei, Zhenyu Xu, Julien Gagneur, Lars Steinmetz.
Presenter affiliation: EMBL Heidelberg, Heidelberg, Germany.

A transcriptome-wide survey of parent-of-origin effects in human
cell lines

Jens R. Wendland, Johannes Schumacher, Bertram Muller-Myhsok,
Francis J. McMahon.

Presenter affiliation: National Institute of Mental Health, Bethesda,
Maryland.

Untangling hybrid sequencing reads

Harris A. Jaffee, Rafael A. Irizarry, Sarah J. Wheelan.

Presenter affiliation: The Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland; The Johns Hopkins University School of
Medicine, Baltimore, Maryland.

Whole exome sequencing in hepatocellular carcinoma

David A. Wheeler, Marie-Claude Gingras, Donna M. Muzny, Ronnald
T. Cotton, Jacfranz J. Guiteau, John A. Goss, Lara M. Bull, Betty L.
Slagle, Richard A. Gibbs.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Re-sequencing of candidate regions to find mutations for a
canine SLE-related disease complex

Maria Wilbe, Katarina Truvé, Michael C. Zody, Gerli Pielberg, Paivi
Jokinen, Hannes Lohi, Helene Hansson-Hamlin, Géran Andersson,
Kerstin Lindblad-Toh.

Presenter affiliation: Swedish University of Agricultural Sciences,
Uppsala, Sweden.

Fosills—Fosmid libraries for paired end lllumina sequencing
Louise J. Williams, Na Li, Diana G. Tabbaa, Aaron Berlin, Terrance P.
Shea, Sarah Young, Chad Nusbaum, Andreas Gnirke.

Presenter affiliation: The Broad Institute, Cambridge, Massachusetts.
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Life history traits affect the magnitude of male mutation bias
across 32 mammalian genomes

Melissa A. Wilson Sayres, Chris Venditti, Francesca Chiaromonte,
Mark Pagel, Kateryna D. Makova.

Presenter affiliation: The Pennsylvania State University, University
Park, Pennsylvania.

Differential patterns of open chromatin suggest alternate modes
of gene regulation

Deborah R. Winter, Lingyun Song, Zhancheng Zhang, Alan P. Boyle,
Elizabeth A. Rach, Uwe Ohler, Gregory E. Crawford, Terrence S.
Furey.

Presenter affiliation: Duke University, Durham, North Carolina.

Oligonucleotide microarrays on one square millimeter glass
chips—Development and applications of the ‘millichip’
Jamison Wolfer, Kurt Heinrich, DongGee Hong, Melissa LeBlanc,
Michael Sussman.

Presenter affiliation: University of Wisconsin, Madison, Wisconsin.

Atlas-Link—Scaffolding draft genome assemblies using next-gen
mate pair data

Jixin Deng, Huaiyang Jiang, Yue Liu, Xiang Qin, Jiaxin Qu, Xing-Zhi
Song, Kim C. Worley, Richard A. Gibbs.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Copy number variation detection from 1000 Genomes Project
exon capture sequencing data

Jiantao Wu, Chip Stewart, Gabor T. Marth.

Presenter affiliation: Boston College, Chestnut Hill, Massachusetts.

A modaular pipeline for detecting genetic variations from next-
generation sequencing data at NCBI

Chunlin Xiao, Tom Blackwell, Alistair Ward, Anatoly Mnev, Paul
Anderson, Michael Stromberg, Chip Stewart, Richa Agarwala, Mike
DiCuccio, Goncalo Abecasis, Gabor Marth, Stephen Sherry.
Presenter affiliation: National Institutes of Health, Bethesda, Maryland.

DNA methylation conservation in mammalian brain

Yurong Xin, Yongchao Ge, Anne O’'Donnell, Benjamin Chanrion, Maria
Milekic, Andrew J. Dwork, Victoria Arango, J. John Mann, Fatemeh
Haghighi.

Presenter affiliation: Columbia University, New York, New York.
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DNA methylation profiling of normal human cerebral cortex
Yurong Xin, Fatemeh Haghighi.
Presenter affiliation: Columbia University, New York New York.

The DNA methylome of human peripheral blood mononuclear
cells

Yingrui Li, Geng Tian, Ning Li, Xiuging Zhang, Jun Wang, Huanming
Yang.

Presenter affiliation: Beijing Genomics Institute-Shenzhen, Shenzhen,
China.

Detecting breakpoints of large deletions and medium sized
insertions from pair-end short reads in 1000 Genomes Project
and Cancer Genome Project

Kai Ye, Erin Pleasance, Klaudia Walter, Matthew Hurles, Zemin Ning.
Presenter affiliation: Leiden University Medical Center, Leiden,
Netherlands.

High level of autosomal nucleotide and haplotype diversity in
South India populations

Jinchuan Xing, Ya Hu, W S. Watkins, Chad D. Huff, Richard A. Gibbs,
Lynn B. Jorde, Fuli Yu.

Presenter affiliation: Baylor College of Medicine, Houston, Texas.

Correlating traits of gene essentiality, duplicability and
functionality with selection trends across vertebrates,
arthropods, and fungi

Robert M. Waterhouse, Evgeny M. Zdobnov, Evgenia V. Kriventseva.
Presenter affiliation: University of Geneva Medical School Geneva,
Switzerland; Swiss Institute of Bioinformatics, Geneva, Switzerland;
Imperial College London, London, United Kingdom.

Identification and analysis of unitary pseudogenes—Historic and
contemporary gene losses in humans and other primates
Zhengdong D. Zhang, Adam Frankish, Toby Hunt, Jennifer Harrow,
Mark Gerstein.

Presenter affiliation: Yale University, New Haven, Connecticut.

Distinct factors control histone variant H3.3 localization at
specific genomic regions

Aaron Goldberg, Laura Banaszynski, Kyung-Min Noh, Peter Lewis,
Deyou Zheng, David Allis.

Presenter affiliation: Albert Einstein College of Medicine, Bronx, New
York.
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1000 Genomes Project—Data flow and quality assurance

Xianggqun Zheng-Bradley, Laura Clarke, Richard Smith, Chunlin Xiao,

Martin Shumway, Steve Sherry, Paul Flicek, 1000 Genomes Project

DCC.

Presenter affiliation: European Bioinformatics Institute, Hinxton, United
Kingdom. 341

Mosaic recombination in gene families—Genome structure

change and host-parasite coevolution

Martine M. Zilversmit, Ella K. Chase, Natalia Tichshenko, Diego Czul,

Karen P. Day, Gil McVean, Philip Awadalla.

Presenter affiliation: University of Montreal, Montreal, California;

University of Oxford, Oxford, United Kingdom; NYU Langone Medical

Center, New York, New York. 342
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GUEST SPEAKERS

Cori Bargmann
Rockefeller University
“Genetic variation in animal behavior—Genes, neurons, and maybe
some principles” 343

Martin Blaser
New York University
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SATURDAY, May 15—9:00 AM

SESSION 11 GENETICS AND GENOMICS OF NON-HUMAN
SPECIES

Chairperson: K. Pollard, Gladstone Institutes, San Francisco, California

M. Purugganan, New York University, New York

The iISEEM Project—Phylogenetic approaches to microbial
metagenomics

Thomas J. Sharpton, Samantha Riesenfeld, Joshua Ladau, Steven W.
Kembel, Jessica L. Green, Jonathan A. Eisen, Katherine S. Pollard.
Presenter affiliation: Gladstone Institutes, San Francisco, California.

Quantifying properties of regulatory mutation in S. cerevisiae
Jonathan D. Gruber, Patricia J. Wittkopp.
Presenter affiliation: University of Michigan, Ann Arbor, Michigan.

Nearly identical genomes with complex conditional essential
phenotypes

Robin D. Dowell, Owen Ryan, Gerald R. Fink, Charles Boone, David K.
Gifford.

Presenter affiliation: MIT, Cambridge, Massachusetts; Whitehead
Institute for Biomedical Research, Cambridge, Massachusetts; Broad
Institute, Cambridge, Massachusetts.

A transcriptome of the migrating postembryonic C. elegans linker
cell

Erich M. Schwarz, Mihoko Kato, Paul W. Sternberg.

Presenter affiliation: California Institute of Technology, Pasadena,
California.

Variation, sex and social cooperation—Molecular population
genomics of the social amoeba Dictyostelium discoideum
Jonathan Flowers, Si Li, Angela Stathos, Gerda Saxer, David Queller,
Joan Strassmann, Michael Purugganan.

Presenter affiliation: New York University, New York, New York.
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Genomes, transcriptomes, methylomes and smRNAomes of
Arabidopsis accessions

Ronan O'Malley, Ryan Lister, Robert Schmitz, Jarrod Chapman, Issac

Ho, Jason Affourtit, Zhoutao Chen, Brian Desany, Srinivasan

Maithreyan, James Knight, Daniel Rokshar, Michael Egholm, Tim

Harkins, Joseph Ecker.

Presenter affiliation: The Salk Institute for Biological Studies, La Jolla,
California. 349

A fine-scale genetic map of the chimpanzee genome from

sequence variation data

Oliver Venn, Adi Fledel-Alon, Adam Auton, Cord Melton, Susanne

Pfeifer, Ryan Hernandez, Rory Bowden, Zamin Igbal, Simon Myers,

Peter Donnelly, Molly Przeworski, Gilean McVean.

Presenter affiliation: University of Oxford Oxford, United Kingdom. 350

De novo assembly and evolutionary analyses of liver-expressed

genes in 16 mammal species

John C. Marioni, George H. Perry, Pall Melsted, Ying Wang, Katelyn
Michelini, Matthew Stephens, Jonathan K. Pritchard, Yoav Gilad.
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ZNF274 RECRUITS THE HISTONE METHYLTRANSFERASE SETDBI1
TO THE HUMAN GENOME

Peggy J Farnham
University of California-Davis, Genome Center, Davis, CA, 95616

Only a small percentage of human transcription factors (e.g. those
associated with a specific differentiation program) are expressed in a given
cell type. Thus, cell fate is mainly determined by cell type-specific silencing
of transcription factors that drive different cellular lineages. Several histone
modifications have been associated with gene silencing, including
H3K27me3 and H3K9me3. We have previously shown that the two largest
classes of mammalian transcription factors are marked by distinct histone
modifications; homeobox genes are marked by H3K27me3 and zinc finger
genes are marked by H3K9me3. Several histone methyltransferases (e.g.
G9a and SETDB1) may be involved in mediating the H3K9me3 silencing
mark. We have used ChIP-chip and ChIP-seq to demonstrate that SETDBI,
but not G9a, overlaps with H3me3K9. A current model is that SETDBI is
recruited to specific genomic locations via interaction with the corepressor
TRIM28 (KAP1), which is in turn recruited to the genome via interaction
with zinc finger transcription factors that contain a Kruppel-associated box
(KRAB) domain. However, specific KRAB-ZNFs that recruit TRIM28
(KAP1) and SETDBI to the genome have not been identified. We have
shown that ZNF274 (a KRAB-ZNF that contains 5 finger domains), can
interact with KAP1 in vitro and, using genome-wide ChIP-seq, we show
that ZNF274 binding sites co-localize with SETDB1, KAP1, and
H3K9me3. Knockdown of ZNF274 with siRNAs reduces the levels of
KAP1 and SETDBI at target sites. Thus our studies provide in vivo support
for the model that KRAB domain-containing ZNFs can recruit histone
methyltransferases to specific sites in the human genome.



TRANSCRIPTION BINDING VARIATION IN EUCARYOTES

M Snyder, M Kasowski, W Zheng, F Grubert, C Heffelfinger, M Hariharan,
A Asabere, S Waszak, L Habegger, J Rozowsky, M Shi, A Urban, K
Karczewski, H Zhao, E Mancera, L Steinmetz, M Gerstein, J Korbel

Stanford University, Genetics, Stanford, CA 94305

Variation in transcriptional regulation is thought to be a major cause of
phenotypic diversity. Widespread differences in gene expression among
individuals of a species have been observed, yet few studies have examined
the variability of transcription factor (TF) binding, and thus the extent and
underlying genetic basis of TF binding diversity is largely unknown. We
mapped differences in transcription binding among individuals and
elucidated the genetic basis of such variation on a genome-wide scale for
both yeast and humans. For humans we mapped the binding sites of RNA
Polymerase II (Polll) and a key regulator of immune responses, NFxB
(p65), in ten lymphoblastoid cell lines and found that 25% and 7.5% of the
respective binding regions differed between individuals. Binding
differences were frequently associated with SNPs and genomic structural
variants.

To further understand the genetic basis of transcription factor binding
variation, we mapped the binding sites of Ste12 in pheromone-treated cells
of 43 segregants of a cross between 2 highly diverged yeast strains and their
parental lines. We found that the majority of TF binding variation is cis-
linked and that many variations are associated with polymorphisms in the
binding motifs of Stel12 as well as those of several proposed Stel2
cofactors. We also identified trans factors that modulate Stel12 binding to
specific promoters. Yeast and human transcription factor binding strongly
correlates with gene expression showing that binding variation is functional.
Overall these different studies identified genetic regulators of molecular
diversity among individuals and provide novel insights into variation in
eucaryotes and mechanisms of gene regulation.



RELAPSE-SPECIFIC MUTATIONS IN AN AML GENOME
DISCOVERED BY WHOLE GENOME SEQUENCING

Elaine Mardis ', Li Dingl, John Welch2, David Larsonl, Ken Chen', Michael
McLellan', Heather Schmidt', Ling Lin', Vince Magrinil, Tammi Vickeryl,
Richard Wilson', Timothy Ley”

'"Washington University School of Medicine, The Genome Center, 4444 Forest
Park Blvd Campus Box 8501, St. Louis, MO, 63108, 2Washington University
School of Medicine, Division of Oncology, 500 South Kingshighway SW
Tower, St. Louis, MO, 63110

Acute myeloid leukemia (AML) is a highly malignant hematopoietic disease
that affects about 13,000 adults in the United States annually, causing ~9,000
deaths. Whole-genome sequencing of two AML genomes have identified novel
mutations that may be relevant for disease initiation, and (in the case of IDH1
mutations) predictive of poor outcome. To better understand the mutations
associated with AML progression and relapse, we sequenced the relapse
genome of an AML patient obtained 11 months after initial diagnosis. The
patient initially presented with FAB M1 AML with normal cytogenetics and
100% blasts in the marrow. She was treated with standard induction
chemotherapy, and consolidated with high dose AraC and an autologous stem
cell transplant. She relapsed at 11 months with M1 AML, 78% blasts, and a
novel t(10;12) in 100% of her metaphases. The ten somatic mutations present in
this AML genome at initial presentation were previously reported (Ley et al
Nature 2008). By sequencing the relapse tumor genome, we discovered two
genic mutations that were missed in the de novo genome due to coverage issues
(DNMT3A L723FS; LOC728896 F46L). Most importantly, we discovered four
novel relapse-specific genic mutations, including a missense mutation in
ETV6/TEL (R105P), an 11bp insertion in STK4 (at A461, predicted to cause
loss of function due to a frameshift), and a missense mutation in MYO18B
(A2317T). The ETV6/TEL gene is frequently involved in translocations in
acute leukemias, and both STK4 and MYO18B are putative tumor suppressors.
Although the mutations in STK4 and MYO18B were not detected in 21
additional AML relapse genomes, a mutation at the same position in ETV6 was
detected in an additional de novo AML genome (R105Q). Paired-end data
revealed a novel WNK1-WAC fusion at base pair resolution, resolving the
relapse-specific clonal cytogenetic abnormality, t(10;12)(p12;p13). The
resulting fusion retains the full catalytic domain of WNK1 but truncates its C-
terminus; the fusion cDNA is expressed in the tumor. Functional analysis is in
progress. Ultra deep read count analysis revealed that none of the relapse-
specific mutations could be detected in the de novo AML sample, or in
subsequent bone marrow specimens obtained at 43, 121, or 170 days after
presentation (relapse occurred at day 338); the sensitivity of the assay allowed
us to accurately detect 1 cell in 1,000 carrying a mutation. Our study establishes
whole-genome sequencing as an unbiased approach for discovering AML
relapse-specific mutations. Comparison of the de novo and relapse samples
revealed additional somatic mutations at relapse that were almost certainly
relevant for the progression



TUMOR PROGRESSION REVEALED BY SEQUENCING 100 SINGLE
CELLS IN A HETEROGENEOUS BREAST CARCINOMA

Nicholas E Navin'?, Jude Kendall', Kerry Cook', Jennifer Troge', James
Hicks', Michael Wigler'

'Cold Spring Harbor Laboratory, Wigler Laboratory, 1 Bungtown Road,
Cold Spring Harbor, NY, 11724, *Stony Brook University, Molecular
Genetics & Microbiology, 100 Nicolls Road, Stony Brook, NY, 11733

Genomic analysis by microarray, and more recently DNA sequencing, has
provided important insights into the role of copy number variation in human
cancer. However, these methods can yield only approximate results when
applied to mixed populations of rapidly evolving cells. In such cases our
understanding would be improved by dissecting genetic events at the single
cell level. We have therefore developed a method of single nucleus
sequencing (SNS) to quantify the genome copy number of individual nuclei.
Using the Illumina GA?2 platform we have shown that a single lane of
sequence reads are sufficiently distributed across the genome to measure
copy number at a resolution of about 50kb. We validated our method in a
normal fibroblast cell line (SKN1) that has been deep-sequenced along with
a genetically complex breast cancer cell line (SK-BR-3). We then used SNS
to analyze 100 single cells isolated from a heterogeneous Basal-like breast
carcinoma. From this data, we constructed a detailed phylogenetic lineage,
showing that the majority of cells belong to one of five major clonal
subpopulations. We compared these subpopulations to infer a step-wise
progression in which much of the genome is deleted, followed by
endoreduplication to generate a highly aneuploid genome that acquires
many focal amplifications and deletions of cancer genes including KRAS,
EFNAS and COL4AS. Additionally, we observed a rare subpopulation of
diploid cells that contain single random amplifications and deletions that are
not present in the major aneuploid subpopulations and perhaps represent an
unstable precursor. Our data strongly support the polyclonal evolution
model for tumor progression, in which the majority of tumor cells continue
proliferate and undergo clonal expansions to form the mass of the tumor.



APPROACHING A COMPREHENSIVE VIEW OF CANCER GENOMES

Li Ding, Ken Chen, Michael D. McLellan, David E. Larson, Christopher C.
Harris, Daniel Koboldt, Nathan Dees, Dong Shen, David Dooling, John
Wallis, Sean McGrath, Todd Wylie, Kim Delehaunty, Lisa Cook, Vincent
Magrini, Rachel M. Abbott, Lucinda L. Fulton, Robert S. Fulton, George
Weinstock, Matthew J. Ellis, Timothy J. Ley, Elaine R. Mardis, and
Richard K. Wilson

The Genome Center at Washington University School of Medicine, 4444
Forest Park Blvd., St. Louis MO 63108.

Massively parallel DNA sequencing technologies provide an unprecedented
ability to characterize entire genomes, in an unbiased manner, for genetic
changes associated with tumor initiation, growth, and metastasis. Building
upon our large collection of data from acute myeloid leukemia,
glioblastoma multiforme, breast cancer, lung adenocarcinoma, and serous
cystadenocarcinoma, we have developed a set of high throughput software
solutions for discovering and analyzing a wide range of variation types,
both in individual and in a population of cancer genomes. Algorithmic
approaches we developed to perform structural variation analysis of paired
end reads, coupled with a targeted capture-based validation strategy, have
identified a multitude of such sites in these tumor genomes. This large data
set also allowed us to perform a comparative analysis of different tumor
types aimed at identifying cancer type-specific mutational profiles, rates,
and spectra. Furthermore, the comparison between primary tumor and
metastasis in breast cancer, as well as between de novo tumor and relapse in
acute myeloid leukemia, identified genetic changes associated with tumor
growth, relapse, and metastasis. The differential mutation frequencies and
structural variation patterns between primary and metastatic breast tumors
suggest that metastatic tumors may arise from minor subpopulations of cells
within the primary. On the other hand, the comparison between de novo
tumor and relapse revealed clonal characteristics of acute myeloid leukemia.



EVOLUTION OF THE POPULATION OF CANCEROUS CELLS IN A
HEPATOCELLULAR CARCINOMA PATIENT

Xuemei Lu*', Weiwei Zhai*', Jue Ruan*', Yong Tao', Yu Wang', Jun Cai',
Shaoping Ling', Shiou-Hwei Yeh?, Pei-Jer Chen”, Chung-I Wu'

'Beijing Institute of Genomics, Chinese Academy of Sciences, 7
Beitucheng Xilu, Beijing, 100029, China, *National Taiwan University
Medical College, Graduate Institute, 1 Jen-Ai Rd., Taipei, 10617, Taiwan

“... natural selection as a force for the good maintains the fittest in a species.
But when we turn to the competition between the individual cells within a
single animal, ... natural selection has now become a liability. > All cancers
are caused by somatic mutations in the population of cells. The cancer-
causing mutations (the drivers) can be inferred by functionality or by the
signature of natural selection. Here we adopted the approach of population
genetics in searching for advantageous mutations in natural populations to
identify the mutations that drive tumor cells to proliferate. We collected
primary hepatocellular tumor (T0) and its six adjacent normal liver tissue
(N1...N6), two recurrent tumors (RC1 and RC2) which emerged 15 months
after the operation to the T0, and the RC1’s adjacent normal tissue (NO)
from a hepatocellular carcinoma (HCC) patient . We have sequenced the
genomes of NO and RC1 with AB SOLiD and Illumina GAII to identify
SNP, CNV and SV, providing the first whole genome analysis of somatic
mutations, for HCC. Tumor and normal specific SNPs called from whole
genomic short-read sequencing were genotyped for all those samples
mentioned above with Sequenom and PCR sequencing. The patterns of
somatic mutations indicate that tumors are highly clonal even with respect
to aneuploidy generation, whereas normal tissues may generally lack
clonality. RC2 is somewhat distinct. The two mutations and A5q occurred
in TO and RC1 after their separation from RC2, associating with the “faster”
proliferation. It also suggests that metastasis happened during different
phases of tumor evolution. Several cancer suppresser genes are in the region
of A5q which is the more likely candidate for “driver mutation”. Most of
SNVs exist in the region with partial ploidy. Partial aneuploidy contributes
to genetic diversity, enabling natural selection.



CHIP-SEQ REVEALS EVOLUTIONARILY HIDDEN HEART
ENHANCERS

Axel Visel"?, Matthew J Blow'?, Bing Ren’, Brian L Black®, Edward M
Rubin'?, Len A Pennacchio'”

'Lawrence Berkeley National Laboratory, Genomics Division, 1 Cyclotron
Road, Berkeley, CA, 94720, *U.S. Department of Energy Joint Genome
Institute, Genetic Analysis, 2800 Mitchell Drive, Walnut Creek, CA, 94598,
*University of California San Diego School of Medicine, Ludwi 2 Institute
for Cancer Research, 9500 Gilman Drive, La Jolla, CA, 92093, " University
of California San Francisco, Cardiovascular Research Institute and
Department of Biochemistry and Biophysics, 600 16th Street, San

Francisco, CA, 94158

The success of enhancer prediction by extreme non-coding sequence
conservation across vertebrate species varies depending upon the tissue
being studied. Conservation-based screens of the human genome have
identified a 20-fold larger number of developmental forebrain enhancers
than developmental heart enhancers. This puzzling discrepancy suggests
either a relative paucity of heart enhancers compared to other tissues, or the
failure of evolutionary constraint to identify them. To explore this question,
we used ChIP-seq with the enhancer-associated protein p300 from mouse
embryonic heart and forebrain tissues. This conservation-independent
strategy for discovery of in vivo enhancers identified several thousand
candidate sequences for both heart and forebrain. In striking contrast to
forebrain, candidate heart enhancers were under substantially relaxed
evolutionary sequence constraint. Only 6% of predicted heart enhancers
were highly constrained (phastCons scores >600) compared to 44% in
forebrain. Conversely, a substantial proportion (24%) of predicted heart
enhancers was under no detectable sequence constraint, compared to a
seven-fold smaller fraction (3.5%) in forebrain. To test if these ChIP-seq
predictions represent bona fide enhancers despite the absence of sequence
constraint, we tested more than 130 heart candidate regions with high,
moderate, weak or no sequence constraint in a transgenic mouse assay.
More than 60% of candidate sequences were reproducible in vivo enhancers
active in the heart and, importantly, no significant difference in success rate
was observed between the four constraint bins. The large, previously
concealed population of poorly conserved heart enhancers identified in this
study highlights the strengths of epigenomic strategies for discovery of in
Vivo enhancers and provides evidence for marked global disparities in
evolutionary constraint between enhancers involved in different biological
processes.



CHARACTERIZATION OF 1000 BREAST CANCER GENOMES AND
TRANSCRIPTOMES

Christina Curtis*"? Suet-F eung Chin*'?, Sohrab Shah*’, METABRIC
Consortium1’2’3’4, Simon Tavarél’z, Samuel Aparicio3 , Carlos Caldas'”

'University of Cambridge, Oncology, Hills Road, Cambridge, CB2 2XZ,
United Kingdom, Cancer Research UK, Cambridge Research Institute,
Robinson Way, Cambridge, CB2 ORE, United Kingdom, *British Columbia
Cancer Research Agency, Molecular Oncology, 675 W10th Avenue,
Vancouver, V5Z 1L3, Canada, * University of Nottingham, Histopathology,
Hucknall Road, Nottingham, NG5 1PB, United Kingdom

Breast cancer is driven by the acquisition of key genetic aberrations that
confer clonal growth advantages. The identification of recurrent genomic
alterations that impact gene expression can facilitate the elucidation of such
‘driver’ events. Given the substantial inter-individual variability of
clinicopathological characteristics amongst breast cancer patients, genome-
wide measurements of multiple data types combined with clinical variables
provide an invaluable resource to dissect the complexity of this disease.
Here we describe an integrated analysis of copy-number, allelic-ratios, and
gene-expression for 1000 primary tumors aimed at further characterizing
the genomic and transcriptional landscape of breast cancer.

High-density Affymetrix SNP 6.0 arrays were employed to assay allele-
specific and total copy number on 1000 fresh frozen tumors with a
minimum of 5 years clinical history. Matched RNA from 824 samples was
hybridized to Illumina HT-12 arrays for gene-expression analysis.
Additional orthogonal data includes deep sequencing of a subset of cases to
survey the mutational spectrum of critical cancer loci.

Through the joint analysis of diverse data types, which reflect alterations at
both the DNA and mRNA level, we identified novel breast cancer subtypes
with distinct clinical outcomes. We further characterized the genomic and
transcriptional landscape of breast cancer in terms of focal alterations,
preferential allelic amplification, and ploidy. By identifying both cis and
trans-acting copy number alterations, we have generated a systematic
overview of pathway disruption amongst subtypes suggesting novel targets
for therapeutic agents in specific patient sub-populations.



LOSS-OF-FUNCTION MUTATIONS IN HEALTHY HUMAN
GENOMES: IMPLICATIONS FOR CLINICAL GENOME
SEQUENCING

Daniel GMacArthur Suganthl Balasubramanian®, Ni Huang', Adam
Frankish' Zhang Zhengdong Lukas Habegger”, X1nmeng Mu?, Matthew
Bambrldge Bryndis Yngvadottlr 1000 Genomes Consortium', Jenmfer
Harrow', RlchardAGlbbs Matthew E Hurles', Mark B Gersteln Chris
Tyler-Smlth

'Wellcome Trust Sanger Institute, Varlous departments, Genome Campus,
Hinxton, CB10 1SA, United ngdom Yale University, Gerstein Lab, 266
Whitney Ave, New Haven, CT, 06520, *Baylor College of Medicine,
Molecular and Human Genetics, Baylor Plaza, Houston, TX, 77030

For the clinical benefits of high-throughput sequencing technologies to be
fully realised it must be possible to distinguish medically relevant genetic
variants from benign polymorphisms in individual human genomes.

Here we present a comprehensive analysis of common variants predicted to
severely affect gene function, using data from all three pilots of the 1000
Genomes Project (low-coverage sequencing of ~180 individuals, high-
coverage sequencing of six individuals and sequencing of ~1,000 genes in
over 600 individuals), including all nonsense and splice site-disrupting
SNPs, frame-shift-inducing indels and structural variants predicted to
disrupt one or more protein-coding exons.

We show that the number of predicted loss-of-function (LOF) variants in
putatively healthy individuals is surprisingly high. These variants are highly
enriched for artefacts - thus providing sensitive indicators of sequencing
and annotation quality - but display a frequency spectrum suggesting many
are mildly deleterious to human health.

We present catalogues of LOF variants and LOF-tolerant genes for use in
distinguishing between benign and pathogenic variants in clinical genome
sequencing. We also demonstrate profound differences in functional,
evolutionary, expression and interaction properties of LOF-containing
genes and genes implicated in severe Mendelian disease, allowing
prioritisation of novel variants for functional follow-up.



HIGH THROUGHPUT RNA SEQUENCING REVEALS GENETIC
DETERMINANTS AND MECHANISMS REGULATING HUMAN
EXPRESSION QUANTITATIVE TRAITS LOCI

Jacek A Maiewskil’z, Zibo Wangl’z, Amandine Bemmol’z, Kevin Hal’z,
Emilie Lalonde'?, Tony Kwan?, Tomi M Pastinen'?

'McGill University, Department of Human Genetics, 740 Dr. Penfield,
Montreal, H3A1A4, Canada, *Centre d'innovation, Génome Québec et
Université McGill, 740 Dr. Penfield, Montreal, H3A1A4, Canada

Expression levels of many human genes are under genetic control. Such
genes, known us expression quantitative trait loci (eQTLs), have been
identified by their association to cis-acting variants — in most cases single
nucleotide polymorphisms. It is presumed that the associated genetic
variants, or variants in linkage disequilibrium with the marker SNP, exert
control over the expression levels of the gene. However, to date few actual
causative variants have been identified. Two competing hypothesis
postulate either control at the level of transcription, or post-transcriptionally
at the level of mRNA stability. Here we use ultra-deep mRNA sequencing
to investigate the mechanisms underlying eQTLs by focusing on deep
coverage — over 200 million sequence tags - of two fully sequenced
HapMap samples. Our RNA preparation method allows us to extract
information from both exonic (mRNA) and intronic (pre-mRNA)
sequences. For a set of highly confident eQTLs, we find that there is a very
high correlation between the levels of mature and unprocessed RNA,
implying that 80% of eQTL variance can be explained by genetic control at
the level of transcription. To explain the remaining 20% of the variance, we
focus on the outliers which exhibit discordant mRNA and pre-mRNA
expression patterns. We find dozens of SNPs affecting splicing patterns
within genes, many of which in turn affect the overall RNA levels. We
observe three predominant mechanisms of action: 1) SNPs that affect the
usage of existing splice sites leading to alternative splice site choices, likely
resulting in non-sense mediated decay, 2) SNPs activating the usage of
pseudoexons and resulting in premature stop codons, 3) SNPs altering
splicing within the 5’UTRs, likely affecting the stability of the resulting
mRNA. We focus in detail on four examples, OAS1, MRPL43, MMAB,
and USMGS to illustrate and dissect the exact downstream effects of the
causative genetic variants.
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SYNTHETIC ASSOCIATIONS ARE UNLIKELY TO ACCOUNT FOR
MOST COMMON DISEASE GENOME-WIDE ASSOCIATION
SIGNALS

Jeffrey C Barrett, Carl A Anderson, Nicole Soranzo, Eleftheria Zeggini

Wellcome Trust Sanger Institute, Human Genetics, Wellcome Trust
Genome Campus, Hinxton, CB10 1HH, United Kingdom

Genome wide association studies have revealed hundreds of bona fide,
replicable regions associated with dozens of complex diseases and traits.
These studies are explicitly designed to discover associations to common
polymorphisms, almost always of weak effect. Thus far they explain only a
small fraction of the total heritability of complex disease. A great deal of
recent attention has focused on explaining this "missing heritability",
including a recent suggestion that "synthetic associations" generated by
many rare variants of high penetrance within a few megabases of common
alleles are actually responsible for the signals observed in GWAS.

While this scenario is plausible, we believe it is likely to be uncommon for
several reasons:

a) Rare variants of large effect — those most likely to yield synthetic
associations - can be readily detected by well-powered linkage scans. We
substantiate this argument with power calculations and highlight an
example from the literature: the NOD2 susceptibility locus for Crohn’s
disease. This locus exemplifies the synthetic association hypothesis, at
which three rare, highly penetrant mutations fully explain the observed
association to nearby common variants; as our power calculations predict, it
is one of the few complex disease genes mapped by linkage.

b) We describe why the empirical evidence (sickle cell disease and
syndromic hearing loss) provided in support of synthetic associations is not
appropriate for common complex traits and highlight reasons why it is
incorrect to extrapolate to traits with an underlying polygenic genetic
architecture. Briefly, both these loci contain rare variants that explain a
significant proportion of the phenotypic variance (100% and 50%
respectively) and such loci do not exist in common complex traits
(otherwise they would have been detected using linkage analysis, as indeed
HBB and GJB2/GJB6 were).

¢) Finally, we discuss published resequencing efforts, in which very little
evidence has been unearthed pointing toward rare variants explaining
signals from GWAS.

We believe the consideration of these wider lines of evidence support the
conclusion that synthetic associations explain very few GWAS signals.
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A SCALABLE CLASS OF MULTIPLE LOCUS METHODS FOR
GENOME-WIDE ASSOCIATION STUDIES

Gabriel Hoffman', Benjamin Logsdon', Chuan Gao', Abra Brisbin', Jason
Mezef’2

'Cornell University, Biological Statistics and Computational Biology,
Biotechnology Building, Ithaca, NY, 14853, *Weill Cornell Medical
College, Genetic Medicine, 1305 York Ave, New York, NY, 10065

All corroborated disease loci that have been discovered in genome-wide
association studies (GWAS) were identified by independently analyzing
each genetic marker in a study. While the success of individual marker
analysis is unequivocal, it is well appreciated that multiple locus algorithms
can have better performance, particularly in the identification of weaker
associations due to small locus effects, weak linkage, or low minor allele
frequencies. Yet, computational limitations and concerns about performance
on large datasets have prevented widespread application of these methods
by practitioners of GWAS. To address these concerns, we have developed a
highly scalable class of multiple locus algorithms for simultaneous analysis
of all markers in a GWAS, and we have undertaken an extensive simulation
and data analysis assessment of algorithm performance. The foundation of
our family of methods is a penalized generalized linear model (GLM) that
provides great versatility for analyzing case/control and continuous
phenotypes, and allows the incorporation of covariates. We have
implemented a range of theoretically well-founded penalties, including
standard (i.e. lasso, ridge, SCAD) and non-standard (i.e. mixture)
approaches. We have also incorporated random covariate and related
techniques to increase mapping power in the presence of missing latent
covariates. In order to scale these methods to massive GWAS datasets we
have implemented coordinate-wise gradient descent algorithms for
likelihood analysis and variational Bayes algorithms for approximate
Bayesian analysis. Our algorithms scale extremely well and are typically
able to complete an analysis of a GWAS that included a thousand samples
and one-million markers in less than 24 hours on a standard desktop (with
large memory capacity). Through our simulations, we have identified broad
conditions under which different penalties perform better. Through our
analysis of available GWAS data for a number of diseases, we demonstrate
that our algorithms identify additional high-confidence “hits” when
compared to individual marker analysis.

12



RARE VARIANTS CONTRIBUTE TO ASTHMA SUSCEPTIBILITY

Carole Ober', Dara G Torgersonl, Daniel Capurso', Scott R Weiss?,
Deborah A Meyers®, Kathleen C Barnes®, Eugene R Bleecker’, Benjamin A
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Boston, MA, 02115, *Wake Forest University, Genomics Center, Winston-
Salem, NC, 27157, * Johns Hopkins University, Ashtma and Clinical
Immunology, Baltimore, MD, 21244, *University of Arizona, Respiratory
Science Center, Tucson, AZ, 85724

Genome-wide association studies of asthma have identified only a small
proportion of the heritability, similar to other common diseases. In this
study we sequenced the coding exons and flanking sequences of 9 asthma
candidate genes to assess the role of rare variants in asthma risk. We
selected genes that were previously associated with asthma and showed
signatures of purifying selection for resequencing studies in 513 asthma
cases and 515 controls. In European Americans, individual rare (<5%)
variants in 4 genes were enriched in asthma cases compared to controls,
whereas no individual variants were enriched in African American cases.
The largest number of associated variants was in the CFTR gene, in which 7
alleles were significantly enriched in the cases compared to controls: 3 had
freguencies of 3-6% in cases and were absent in controls (p=0.0003 - 1.5 x
107) and 4 had frequencies 4-5% in cases and <1% in controls (p=0.0008 -
1.9 x 107). One associated variant in CFTR as nonsynonymous and 6 were
noncoding (intronic); odds ratios ranged from 8.8 to >12.7. None of the
associated variants are known cystic fibrosis mutations, suggesting that
highly penetrant, noncoding rare variation in the CFTR gene specifically
affects asthma risk. Our study further supports the hypothesis that a
significant proportion of the heritability of asthma is due to rare variation.
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A GENE-BASED APPROACH TO JOINT ANALY SIS OF MULTIPLE
RELATED PHENOTYPES
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Genome-wide association studies have been very successful for
autoimmune (Al) diseases such as type 1 diabetes (T1D) and Crohn's
disease (CD), identifying over 80 associated loci. Some of these findings
implicate novel biological pathways, generating hypotheses about how
these may be shared by Al disorders.

Joint association analysis of Al diseases using raw data may improve power
to detect loci shared between diseases. However, any method must allow for
heterogeneity in disease-variant associations at both the phenotypic and
genotypic levels. Although a number of shared loci have been discovered,
allelic heterogeneity exists. For example, the tryptophan variant of R602W
in PTPN22 is associated with increased risk of T1D and rheumatoid arthritis
(RA), but reduced risk of CD. Additionally a single locus may be associated
with multiple Al phenotypes but the causal SNP may differ. For example,
different SNPs at the IL2RA locus are associated with RA, multiple

sclerosis and T1D.

No method deals with all these issues. We address the problem using an
elastic net within a multinomial logistic regression framework to conduct
gene-based tests of association. This method selects SNPs within a region
that jointly provide the strongest evidence for association to a set of
diseases, but explicitly allows for heterogeneity on both sides of the
disease-locus association.

We compare our method to other strategies for gene-based association using
binary or multinomial logistic regression models. In scenarios where a
single causal SNP is associated with two diseases the power of this method
is very close to that of multinomial logistic regression analyses of each
SNP, adjusting for multiple testing (generally the most powerful strategy).
With more than one causal SNP, the multinomial elastic net is more
powerful than any other analytical strategy, even if each causal SNP is only
associated with a single disease. This new method thus utilises the increase
in power provided by combining disease samples without compromising the
ability to identify variants that are only associated with some traits, or
which show opposite directions of association with different diseases.
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THE DROSOPHILA GENETIC REFERENCE PANEL: WHOLE
GENOME ASSOCIATION MAPPING OF QUANTITATIVE TRAITS,
AND A NEW TOOL FOR DROSOPHILA GENETICS.

Stephen Richards', Dianhui Zhu', Yi Han', Julien Ayrolesz, Mary Anna
Carbone’, Trudy Mackayz, Eric Stone?, Richard A Gibbs'

'Baylor College of Medicine, Human Genome Sequencing Center, 1 Baylor
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The Drosophila Genetic Reference Panel is a community resource of 192
sequenced inbred Drosophila melanogaster lines with measured
quantitative traits. Forty lines have been sequenced to a minimum of 12X
coverage using both 454 and Illumina sequencing platforms. The remaining
152 lines are being sequenced using the Illumina platform. Alignments have
been generated using BWA, and polymorphisms identified using Atlas
SNP2. We find approximately 500,000 SNPs, and 50,000 indels per inbred
line, relative to the reference sequence. Extensive quality control
genotyping has ensured both sequence and strain sample integrity, matching
and true homozygosity for all of the lines. Lines with excess heterozygosity
have been replaced to optimize the power of association studies.

Initial whole genome association analyses have identified between 20-100
polymorphisms associated with complex traits with p-values of 10~ or less.
Interestingly, most of these genes are novel, and many have pleiotropic
effects on multiple traits. Thus, we believe this tool will provide a new
understanding of Drosophila genetics, complementary to the large body of
work based on induced mutational screens. We also present multiple
methods for the validation of associations.

As a community resource we are working to facilitate the use of the
reference panel in as many settings as possible. The fly stocks are currently
available from the Bloomington Drosophila Stock Center. We are also
preparing a website for genome wide associations allowing input of
phenotypes measured on the lines, and outputting associated
polymorphisms and p-values. We hope this web tool will allow any
Drosophila geneticist with the ability to work on flies to utilize the
reference panel — even high school students counting bristles.
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TRANSCRIPTION FACTOR POLYMORPHISMS AND COMPLEX
TRAITS: A THERMODYNAMIC MODEL OF GENETIC
INTERACTIONS.

Justin P Gerkez’l, Jason Gertz3’1, Barak A Cohen'
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Understanding the molecular basis of complex traits is a major challenge
facing modern geneticists. By mapping Quantitative Trait Loci (QTL) much
progress has been made in understanding the genetic basis of complex
traits. In contrast, our understanding of the molecular basis of these traits
lags far behind. Advancing this field requires understanding the molecular
mechanisms through which causal polymorphisms exert their effects on
phenotype. Using the yeast S. cerevisiae as a model system, we showed that
variation in sporulation efficiency between two natural isolates is due,
almost entirely, to four polymorphisms that reside in three transcription
factors (TFs), IME1, RME1, and RSF1. The causative variants are both
coding (in IME1 and RSF1) and non-coding (in the promoters of IME1 and
RMEL). Genetic interactions (epistasis) between these TF loci explain 87%
of the phenotypic variation in this trait. To better understand the molecular
mechanisms that underlie these genetic interactions we constructed a
thermodynamic model of natural variation in sporulation efficiency. The
model, which incorporates the non-linear biochemical reactions that
underlie genetic interactions, suggests a general molecular mechanism that
generates epistasis between polymorphisms. The model produces testable
hypotheses about the concentrations and affinities of specific molecular
species in different genetic backgrounds. Our first experimental test of this
model suggests that we are indeed capturing many of the salient features
that underlie genetic interactions. We anticipate that this biophysical
framework for modeling genetic variation will be a useful tool for
understanding the molecular basis of complex traits. Our results also point
to variation in transcription factors as a major source of phenotypic
diversity within species.
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DIRECT EFFECTS OF ENVIRONMENTAL PERTURBATION ON CIS-
REGULATION ASSESSED BY ALLELIC EXPRESSION

V. Adoue', E. Grundberg', B. Ge', T. Kwan', K. L Lam', V. Koka', O.
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Channing Labs, 181 Longwood Av., Boston, MA, 02115

The effects of environmental perturbation on cis-eQTLs are unknown.
Using 100 primary human osteoblasts from Swedish donors and following
culture in either standard conditions or after induction with BMP-2,
dexamethasone (DEX), and PGE2 we collected expression data (Illumina
Ref-8) and correlated expression levels to SNP data. Only ~1.4% of the cis-
eQTLs showed treatment-specificity at high confidence. However, in
follow-up analysis by direct measurement of cis-variation using genome-
wide allelic expression (AE) tests (NG 2009;41:1216) most treatment-
specific effects failed to validate. DEX-specific cis-variants in the MYO6
and TNC loci could be fine-mapped to putative distal regulatory elements.
Strong interaction between treatment and cis-variation appear rare and
detection of such requires allelic expression studies.

We are now applying the genome-wide AE test for specific discovery of
functional variants underlying differences in drug response using resting
and stimulated Lymphoblastoid Cell Lines (LCL) from asthmatic children
included in the Childhood Asthma Management Program (CAMP). CAMP
includes children who demonstrate variability in clinical response to
corticosteroids. We analyzed LCLs from patients representing extremes of
response and observed allelic variation at different doses and timepoints
upon DEX stimulation. Preliminary data analysis indicates up to 30
transcripts with DEX-specific allelic cis-regulation. Most effects are
detected at 4h timepoint and some show dose response, suggesting direct
treatment-specific interactions. We focus now on comparing differences in
DEX-specific cis-regulation among cell lines derived from patients with
varying clinical response and mapping cis-regulatory variants underlying
DEX-specificity. Our approach can be generically applied for isolation of
pharmacogenetic variants.
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ACCURACY OF ILLUMINA GENOME ANALYZER AND HISEQ 2000:
WHAT DEPTH OF COVERAGE DO YOU REALLY NEED?

Subramanian S Ajayl, Stephen C Parker', Hatice Ozel Abaan', Jamie K
Teer!, Praveen F Cherukuri’, Nancy F Hansen', Pedro Cruz!, William A
Gahl?, James C Mullikin', Elliott H Marguliesl

'Genome Technology Branch, National Human Genome Research Institute,
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The development of high-throughput sequencing technologies has made it
feasible to sequence whole human genomes at a fraction of the cost and
time than was previously possible. This ability can be leveraged to routinely
use whole-genome sequencing as a clinical diagnosis tool. With this
objective, we present here results from analysis of a clinical sample that was
sequenced using both the Illumina GAIIx and HiSeq 2000 instruments.

With 100bp paired-end reads aligned to the reference genome, we were able
achieve more than 75x coverage from two flowcells on the HiSeq 2000
platform and 35x coverage from two flowcells on the GAIIx platform,
giving us a total coverage of more than 100x. Using bioinformatics
algorithms, genotype calls were made to detect single nucleotide variants
(SNVs) across the whole genome. We compared calls made from the two
different datasets to genotype calls made on an array-based technology. In
addition, we used these datasets to address what coverage is required to
attain a certain level of comprehensiveness and accuracy, allowing us to
make an informative decision about the depth of coverage needed for future
whole-genome sequencing endeavors.

To tackle biological questions, SNVs were subjected to further analysis,
including identification of synonymous and non-synonymous base changes.
In addition, positions identified as variants were evaluated for their potential
to dramatically change DNA structure and for their overlap with
evolutionarily constrained regions. This helps us prioritize non-coding
variants for their potential to be biologically important. Finally,
identification of copy number variations and gross rearrangements of the
genome are also providing insights into the nature of disease.

These results will help better develop methodologies to provide a confident

approach in solving clinical cases where the underlying disease mechanism
remains unknown.
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GENOME-WIDE IDENTIFICATION OF SMALL INSERTIONS AND
DELETIONS IN THE 1000 GENOMES PILOT PROJECT

Cornelis A Albers'?, Gerton A Lunter’, Quang S Le?, Daniel MacArthur?,
Willem H Ouwehand'?, Richard Durbin?, 1000 Genomes Consortium
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We compiled a genome-wide set of over a million insertions and deletions
ranging from 1 to 50 nucleotides in the 1000 Genomes Project pilot 1 data
set using the novel Bayesian method Dindel. The main idea is to consider
candidate indels and other sequence variants obtained from different
approaches such as read-mappers and assembly-based methods, and then
evaluate support for these candidates by performing a Bayesian gapped
realignment of reads to a set of haplotypes potentially segregating in the
population. We use a Bayesian EM caller to estimate allele frequencies and
posteriors.

We observed that the rate of indels due to sequencing errors is as high as
1% in long homonucleotide runs, and that ~10 % of the called indels
occurred in these. We explicitly account for these context-specific error
rates in the realignment.

The method successfully identified all capillary-validated indels in a 3.8 kb
region from a candidate gene study in 96 individuals without false-positives
on artificially downsampled coverage ranging from 10X to 100X.

We identified in total 1.03 M indels in 170 individuals using candidate
indels generated by various methods. Deletions were more common than
insertions, noting that there is better power to detect deletions. The length
distribution of indels did not differ between populations. YRI had ~3 times
more private indels than CEU and JPT/CHB. We called ~1400 indels in
CCDS coding regions; 60% resulted in a frame shift, although 3n-indels
were strongly overrepresented relative to non-coding regions. In each
population the non-reference allele frequency distribution of frame-shift
indels was shifted towards zero compared to that of in-frame indels.

Genotypes appear to be highly consistent with the local genealogy
independently estimated from HapMap3 haplotypes. This suggests that
most indels are amenable to imputation for disease association testing.
Validation of a subset of the predicted indels is currently in progress.
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STUDYING ANIMAL DOMESTICATION BY BRAIN
TRANSCRIPTOME SEQUENCING
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The genetic basis of animal domestication is currently not well understood.
Which genes were important when humans converted wild into domestic
animals, and which genes differ today in their structure or expression
between domestic animals and their wild relatives? A promising approach is
to study gene expression differences between domestic and wild animals.
Current next-generation sequencing technologies allow transcriptome
analyses in non-model species that are difficult to study with microarray-
based gene expression measurements.

To learn more about functional genetic differences between domestic and
wild animals, we have used Illumina sequencing to analyze mRNA from the
brains of several pairs of domestic and wild species: pigs, rabbits, Guinea
pigs and dogs/wolves. We compare these data to those from a long-running
selection experiment for tameness and aggression in rats. Analyses are
underway to study the impact of domestication and artificial selection on
gene expression levels, transcript structure and sequence polymorphism in
expressed transcripts.
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UNBIASED RECONSTRUCTION OF A MAMMALIAN
TRANSCRIPTIONAL NETWORK MEDIATING THE DIFFERENTIAL
RESPONSE TO PATHOGENS

Ido Amit'?, Manuel Garber', Nicolas Chevrier', Ana Paula Leite'?, Thomas
Eisenhaure', Mitchell Guttman'?, Jen Grenier', Or Zuk', Alex Meissner',
David E Root!, Nir Hacohen !, Aviv Regevl‘2
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Models of mammalian regulatory networks controlling gene expression
have been inferred from genomic data, yet have largely not been validated.
We present an unbiased strategy to systematically perturb candidate
regulators and monitor cellular transcriptional responses. We apply this
approach to derive regulatory networks that control the transcriptional
response of mouse primary dendritic cells (DCs) to pathogens. Our
approach revealed the regulatory functions of 125 transcription factors,
chromatin modifiers, and RNA binding proteins and constructed a network
model consisting of two dozen core regulators and 76 fine-tuners that help
explain how pathogen-sensing pathways achieve specificity. This study
establishes a broadly-applicable, comprehensive and unbiased approach to
reveal the wiring and functions of a regulatory network controlling a major
transcriptional response in primary mammalian cells.
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MULTIVARIATE ANALYSIS OF RATE CO-VARIATION OF
DIFFERENT TYPES OF MUTATIONS IN THEIR GENOMIC
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While the abundance of completely sequenced genomes has greatly
facilitated our understanding of regional heterogeneity in rates of individual
mutation types, the co-variation in rates of multiple mutation types has
remained largely unexplored, hindering a deeper understanding of
mutagenesis. In this study, we used linear and non-linear multivariate
analysis tools to explore rate co-variation among four mutation types, and
associate it to multiple genomic features simultaneously. We observed a
concordant and largely linear co-variation among rates of nucleotide
substitutions, small insertions and small deletions. In contrast, microsatellite
mutability did not display co-variation with any of the other three rates
studied. GC content, distance to telomere, and local recombination rates
were found to be significant predictors of mutation rate co-variation,
corroborating the role of these features as predictors of mutagenesis. Our
analysis also uncovered the significance of novel genomic predictors of
mutation rate co-variation; namely, nuclear lamina binding regions and
methylated non-CpG sites. Thus, co-variation in the rates of different
mutation rates might be explained by shared local genomic landscapes.
Interestingly, we observed strong non-linearities among the genomic
predictors explaining co-variation in mutation rates. The genomic loci
driving these non-linear behaviors are located either on chromosome X or at
a certain distance to telomeres, suggesting unique environments in these
portions of the genome. Based on the role of various genomic predictors,
we speculate about the importance of different molecular mechanisms (e.g.,
replication and recombination) in generating mutations. Importantly, our
multivariate analysis approach can provide improved background
corrections for computational methods that identify potentially functional
regions of a genome — these corrections would employ composite scores,
encompassing rates of multiple mutation types simultaneously.
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VIRUS METAGENOMICS; VIRUS ENRICHMENT AND DEEP
SEQUENCING REVEALS NEW HUMAN VIRUSES AND STRAINS
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Virus infections cause many of the largest health problems in the world. It
is likely that there is a multitude of unknown viruses that infect humans and
it is has been suggested that viruses are involved in causing many common
diseases, such as diabetes and MS. The discovery rate of new viruses has
until now been slow. Deep sequencing methods have made it possible to
more efficiently characterize human viruses. Our strategy includes
enrichment of virus particles, 454 shotgun sequencing and bioinformatics
analyses. We have sequenced pooled samples from the respiratory tract,
serum, feces and other body fluids, from different patient groups, including
people with common infection symptoms, different autoimmune disorders,
and other diseases. In addition, several tumor samples have been sequenced.
The results have revealed the presence of a multitude of known viruses, new
virus strains and new virus species. Two new human viruses, Human
Bocavirus and KI Polyomavirus have been published.

I will present the analysis of the sequence data accumulated thus far (10
libraries sequenced by 454)and a broader description of the known and
novel viruses, bacterial, phage and human sequences found. The results of
deeper analyses of variable virus families, including TTV and
picornaviruses, where a multitude of new variants have been found, will be
shown, as well as descriptions of which viruses are present in specific
patient groups.
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Domestic animals are excellent models for genetic studies of phenotypic
evolution. They have evolved genetic adaptations to a new environment, the
farm, and have been subjected to strong human-driven selection leading to
remarkable phenotypic changes in morphology, physiology and behaviour.
Here we have used massively parallel sequencing to identify selective
sweeps of favourable alleles as well as candidate mutations that have played
a prominent role during chicken domestication and subsequent
specialization into broiler (meat-producing) and layer (egg-producing)
chickens. We have generated 44.5x coverage of the chicken genome using
pools of genomic DNA representing eight different populations of domestic
chickens as well as red junglefowl, the major wild ancestor. We report more
than seven million SNPs, about 1,300 deletions and a number of putative
selective sweeps. One of the most striking selective sweeps found in all
domestic chickens occurred at the locus for thyroid stimulating hormone
receptor (TSHR), which has a pivotal role for metabolic regulation and
photoperiod control of reproduction in vertebrates. Several of the selective
sweeps detected in broilers overlapped genes associated with growth,
appetite and metabolic regulation. We found little evidence that selection
for loss-of-function mutations played a prominent role during chicken
domestication, but we detected two deletions in coding sequences that we
suggest are functionally important. This study has direct application to
animal breeding and enhances the importance of the domestic chicken as a
model organism for biomedical research.
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POPULATION GENETIC INFERENCE USING LOW COVERAGE
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In population-scale genome sequencing a common experimental design is to
sequence a large number of individuals at low coverage (4-6X). Such a
design is powerful for discovery of novel genetic variants in the population,
but can be problematic for population genetic studies as accurate genotypes
cannot be obtained without the use of LD and imputation, which has the
potential to bias results and which typically requires populations to be
analyzed independently.

For these reasons, we have developed methodology for estimating
population genetic parameters, including the level of diversity, the site-
frequency spectrum and the degree of differentiation between populations
that analyses multiple populations simultaneously, incorporates uncertainty
arising from sequence data and does not rely on imputation. Specifically,
the method integrates over the uncertainty in the data at each site in the
sample, combining population genetics modeling with machine-generated
estimates of base quality to calculate the likelihood of key parameters. The
method is validated through analysis of sequence data from the 1000
Genomes Project where independent genotypes are available from the
HapMap project. We compare the method to estimates from genotypes
inferred through imputation and describe the results of applying the
methodology to population-scale genome-sequencing data sets in humans
and other species.
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CAPTURING THE RATE OF GERM-LINE AND SOMATIC
MUTATIONS IN GENOME RESEQUENCING OF CHILDHOOD
LEUKEMIA FAMILIES USING A “QUARTET” DESIGN
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Although acute lymphoblastic leukemia (ALL) is the most common
childhood cancer, factors governing susceptibility to this disease have not
yet been identified. Little is known about the molecular basis of childhood
ALL, although the clinical, pathological, and immunophenotypic features
have been well documented. Here we sequenced the entire exomes of tumor
(malignant) tissue, healthy tissue from the same individual, and from
parents (quartet) from sets of leukemia patients/families (n=30) which either
1) carry a translocation, 2) the disease phenotype is associated with
hyperdiploidy or 3) that do not have known genomic alterations. We also
sequenced the full genome of tumor tissue and healthy tissue of an ALL
family with two siblings having ALL with different ages of onset. A set of
controls includes sequencing a set of twin families to obtain a background
rate of de novo somatic and germ-line mutations where we demonstrate a
clear excess of somatic mutations in our ALL families. Our approach
involves making de novo mutation calls with a probabilistic framework that
makes use of the relatedness between the individuals, including different
tissue types, and produces a joint probability for the entire pedigree for each
site. By dependently rather than independently determining the family
members’ genotypes, we take full advantage of the information contained
within the pedigree. Our framework includes the implementation of an
Expectation-Maximization algorithm to simultaneously produce direct
estimates for the de novo point mutation rate, the population mutation rate
(W), and the sequencing error rate. We obtained a full catalogue of both
germ-line and somatic de novo mutations many of which occur in coding
regions of known genes associated with various cancers, indicating
potential driver mutations of cancer. We have also catalogued a number of
driver and passenger mutations with high predictive phenotypic impact.
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A POPULATION GENOMICS APPROACH TO EXPLORE THE
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We have compared the genetic makeup of North Swedish trotters (NST),
North Swedish horses (NS) and Standardbreds (S) by performing a genome
scan using 144 microsatellite markers (10 individuals/breed) and the
Illumina EquineSNP50 BeadChip (12 individuals/breed). The total
genotyping rate in individuals analyzed on the BeadChip was 0.982. 17 887
SNPs had a MAF < 0.1 and 1331 SNPs failed the missingness test (>0.1). In
total 36 415 SNPs remained after frequency and genotype pruning. The
three breeds separated into three distinct clusters in the identity by state
(IBS) cluster analysis. All analyses above were preformed in the software
PLINK.

In the microsatellite data set, the average number of alleles per locus was
highest for the NS, 4.75, which also showed the highest expected
heterozygosity, He, 0.666. The S showed the lowest He, 0.627, and also the
lowest average number of alleles per locus, 4.40. The NST had a He of
0.649 and 4.53 as average number of alleles per locus. Following this the
NS also showed the highest observed heterozygosity, Ho, 0.709. Contrary
to He, however, the S showed the second highest Ho, 0.699, and the NST
showed the lowest Ho, 0.692. The rarefied allelic richness average over loci
was highest for the NS (3.23), and NST (3.17) and lowest for the S (3.02).
The private allelic richness was highest for the S (0.96) and was 0.89 and
0.86 for the NS and the NST respectively.

The genetic distance between the NST and the S (0.503) is smaller than
between the NS and the S (0.524). The genetic distance between the NST
and the NS was estimated at 0.367. These results support that crossbreeding
has occurred between the Standardbred and the North Swedish trotter.
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GAMBIT: A CROSS-PLATFORM, LOW-MEMORY VISUALIZATION
& ANALYSIS TOOLKIT FOR NEXT-GENERATION SEQUENCING
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Next-generation sequencing is now a mainstay for polymorphism/mutation
discovery, detecting structural or copy number variations, novel transcript
discovery and counting-based expression analysis, etc. Although pipelines
for automated analysis exist, manual data review remains essential for
sequencing software developers (to check program performance), data
analysts (for spot-checking), and scientists (for hypothesis generation).
Visualization requires considerable flexibility from viewer software. A
fully-featured viewer application must support the visualization of
organismal reference sequence, multiple resequenced samples, and deep-
coverage sequence alignments. Sequences are best evaluated in the context
of genome annotations such as gene models, regulatory units, repeat
elements, and genetic variation features. Such annotations must therefore be
integrated into the viewer.

Analysis of a growing amount of sequence data currently requires
specialized expertise and is rapidly becoming a nontrivial bottleneck. The
needs of smaller biology laboratories can be served if the visualization
software integrates essential analytical functionality such as PCR primer
design (e.g. for SNP validation experiments), importing custom annotations,
and exporting data from specific regions for detailed and focused analysis.
Gambit is a cross-platform, low-memory, graphical program for sequence
visualization and analysis. A researcher is able to upload an alignment file
showing the sequencing data from samples of interest. An overall view of
the alignment depth along chromosomes is provided. Essential properties of
sequencing reads (e.g. sample identity, alignment orientation, mismatches
& indels) are displayed as graphical cues. Views are customizable to
hide/highlight certain alignment types.

Gambit takes advantage of the indexing features of the BAM sequence
alignment format that allows rapid panning and zooming across
chromosomes, with only minimal startup time, and re-rendering delay.
Gambit is multi-threaded, handling time-intensive steps “behind the
scenes”, which keeps the interface responsive. The application is also
plugin-aware, so that anyone with programming skills can readily include
their own custom features: support for new file formats, additional metrics,
or even custom views. A beta version of Gambit is available for download
at http://code.google.com/p/gambit-viewer .
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ORANGUTAN (PONGO PYGMAEUS) MOBILE ELEMENTS:
THE EXTINCTION OF ALU

Miriam K Konkel', Jerilyn A Walker', Brygg Ullmer”, Leona G Chemnick’,
Oliver A Ryder3 , Robert Hubley4, Arian F A Smit*, Mark A Batzer', for the
Orangutan Genome Sequencing and Analysis Consortium’

'Louisiana State University, Department of Biological Sciences, Biological
Computation and Visualization Center, 202 Life Sciences Building, Baton
Rouge, LA, 70803, “Louisiana State University, Department of Computer
Sciences, Center for Computation and Technology (CCT), 216 Johnston
Hall, Baton Rouge, LA, 70803, *Beckman Center for Conservation
Research (CRES), Zoological Society of San Diego, San Diego Zoo, San
Diego, CA, 92112, * Institute for Systems Biology, Computational Biology,
1441 North 34th Street, Seattle, WA, 98103, 5Washington University
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Orangutans (Pongo pygmaeus) are the only living Asian ape and are highly
endangered. We investigated the mobile DNA composition (mobilome) of
the orangutan draft genome sequence derived from a female of Sumatran
origin (Pongo pygmaeus abelii). Similar to other primate genomes, about
half of the orangutan draft genome sequence is comprised of repetitive
sequences. As expected, no DNA transposon activity was detected in the
orangutan lineage. L1 (long interspersed element 1, LINE1) is the only
active autonomous non-LTR retrotransposon in the orangutan lineage and
shows a mostly linear evolution. The orangutan-specific L1 lineage appears
to be derived from L1PA3. SVA elements have been active throughout the
evolution of orangutans and appear to be currently undergoing
retrotransposition. Similar to L1, the orangutan-specific SVA subfamilies
show a mostly linear evolution. We found evidence of expansion of SVA
and L1, with ~1800 and ~4700 orangutan lineage-specific insertions,
respectively. This translates to a retrotransposition rate comparable to other
sequenced primates. In contrast, Alu elements appear to have propagated at
a very low rate in orangutans. On the basis of computational and wet bench
analyses, we estimate that the draft genome sequence contains only ~250
lineage-specific insertions. The identification of polymorphic and
population-specific Alu insertions indicates that Alu retrotransposition is
ongoing albeit at an extremely low rate. The quiescence of Alu
retrotransposition in the orangutan-lineage is particularly surprising, as all
other primate species studied to date show evidence of an appreciable Alu
retrotransposition rate.
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GENOME SEQUENCING AND MicroRNA DISCOVERY IN THE
BASAL FLATWORM MACROSTOMUM LIGNANO

Daniil Simanov', Patrick van Zon', Ewart de Bruijnl, Sam Linsen', Katrien
de Mulder!, Edwin CupPenl, Andres Canela’, Gregory J Hannon?, Dita B
Vizoso®, Lukas Scharer’, Peter Ladurner”’, Eugene Berezikov'

'Hubrecht Institute, University Medical Center Utrecht, Uppsalalaan 8,
Utrecht, 3584CT, Netherlands, *Cold Spring Harbor Laboratory, Watson
School of Biological Sciences and Howard Hughes Medical Institute, One
Bungtown Road, Cold Spring Harbor, NC, 11724, *University of Basel,
Zoological Institute, Vesalgasse 1, Basel, 4051, Switzerland, 4 University of
Innsbruck, Institute of Zoology, Technikerstrasse 25, Innsbruck, A-6020,
Austria

Macrostomum lignano is a free-living flatworm with high regeneration
capacity facilitated by neoblasts, the stem cell system of the worm. Due to
its small size, short generation time, amenability to genetic manipulation
and easy maintenance in laboratory conditions, M. lignano is a promising
invertebrate experimental model for stem cell research. We have initiated de
novo genome sequencing of this organism using hybrid 454 and
Solexa/lllumina approach. The estimated genome size of M. lignano is 600
Mb. Initial 5x coverage of the genome produced ~300Mb of assembled
contigs with N50 size of 1.7 kb. While this low-coverage assembly is not
productive for annotation of protein-coding genes, it is already efficient for
discovery of microRNAs — small RNAs that regulate gene expression at the
posttranscriptional level and are involved in various cellular processes,
including maintenance and differentiation of stem cells. More than 40% of
the 5.4 million small RNA reads generated by SOLiD technology from
irradiated (=neoblast-depleted) and non-irradiated worms mapped to the
assembly and allowed annotation of more than 50 miRNA genes. Levels of
several miRNAs are significantly decreased in the irradiated worms,
suggesting neoblast-specific expression of these miRNAs. The progress on
the genome sequencing and small RNA analysis in M. lignano will be
presented.
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ASSAYING THE DISTRIBUTION OF SEQUENCE VARIANTS
WITHIN A VIRAL PATIENT SAMPLE

Henry R Bigelowl, Michael G Ross', Filipe J Ribeiro', Bruce D Walker?,
Michael C Zodyl, Todd M Allen?, Matthew R Henn', David B Jaffe'
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Over the course of infection, single stranded RNA viruses such as HIV
rapidly replicate, mutate, and are selected against by the patient's immune
system. This process leads to a highly diverse and dynamic viral population,
and for both clinical and theoretical reasons it is important to be able to
assay this population accurately. Such an assay would need to be sensitive
to rare variants that could evade the patient’s immune system and in a short
period of time become common.

Deep sequencing of patient samples could provide such an assay. Here we
address a key technical challenge: bona fide rare variation tends to be
swamped by sequencing error. To maximize the potential to distinguish
between these two, we developed the appropriate computational model,
which takes as input base calls along with quality scores, and has no prior
on the distribution of variants at a given locus. While this model is
computationally intractable to direct analysis, it can be interrogated using
sampling, which we do using a Markov Chain Monte Carlo method.

In this way we estimate the abundance of each variant within a given
sample and provide a confidence interval for each such estimate. We tested
our method using Illumina sequence from 24 HIV patient samples, and
assessed the methods using clonal control samples and also by sequencing
the same samples using a different sequencing technology (454).
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METAPHASE SPINDLE PROTEOME REVEALS POTENTIAL
FURROW INITIATION FACTORS

Mary Kate Bonner', Ali Sarkeshik®, Dan S Poole', John Yates III>, Ahna R
Skop'

'"UW-Madison, Genetics Department, 425-G Henry Mall, Madison, WI,
53706, *Scripps Research Institute, Department of Chemical Physiology,
10550 North Torrey Pines Rd., La Jolla, CA, 92037

Cytokinesis is an important and fundamental process in the development of
all organisms. The factors that establish the cleavage furrow have remained
mysterious and have eluded many for over 130 years. In order to identify
factors required for early steps in cytokinesis, mitotic spindles from
synchronized Chinese Hamster Ovary (CHO) cells were isolated. Proteins
enriched from isolated metaphase-enriched spindles were identified by
multidimensional protein identification technology (MudPIT) in
collaboration with the Yates Lab at Scripps. A comparative genomics
analysis between the spindle and the midbody proteome (Skop et al., 2004),
identified potential candidates.

Results from multiple MudPIT data sets identified ~1500 proteins with two
or more peptide hits. We compiled the spindle proteome by averaging four
MudPIT data sets. Comparison to the midbody proteome has yielded a list
of proteins unique to the metaphase spindle. We prioritized our list of
candidates by sorting metaphase specific proteins, using Babelomics
(http://babelomics.bioinfo.cipf.es/) and Microsoft Access. We are
particularly interested in membrane-cytoskeleton remodeling proteins, as
these factors are likely involved in establishing and regulating the acto-
myosin contractile ring. We are currently screening several homologs of the
identified mammalian candidates in C. elegans using RNAi. Potential
candidates include factors that function in furrow formation. We are further
characterizing candidates using in vivo microscopy, genetics and cell
biological techniques.

MKB is supported by an NHGRI training grant to the Genomic Sciences
Training Program (5T32HG002760). The work from the Yates lab is
supported by the National Center for Research Resources of the National
Institutes of Health by a grant to T.N.D. entitled 'Comprehensive Biology:
Exploiting the Yeast Genome,' P4A1RR11823. A.R.S. is funded by an NSF
CAREER Award (MCB-0546398).
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EXPLORING SYNTHETIC GENETIC INTERACTION NETWORKS BY
HIGH-THROUGHPUT RNAI
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69117, Germany

Synthetic genetic interaction analysis has provided key insights by
highlighting functional relationships between genes on a genome-wide
scale. Genetic interactions can identify components that are otherwise
masked due to buffering, dissect complex phenotypes, and circumvent early
lethality in metazoans. The profile of genetic interactions of a gene with all
other genes is a sensitive assay for a comprehensive view on its molecular
functions. We employ high-throughput RNAi approaches to systematically
identify genetic interactions in cell-based assays using Drosophila as a
model system.

We developed methods to quantitatively perform, validate and analyze
double RNAI experiments in a high-throughput format. Phenotypes were
assessed using automated imaging to simultaneously record cell number and
evaluate multi-parametric changes. Novel computational approaches,
including methods for the exclusion of off-target effects, experimental
fluctuations and robust error estimation were developed in order to build
multi-dimensional and quantitative maps of genetic interactions based on
RNAI phenotypes.

We have applied these technologies to construct a genetic interaction map
of several signal transduction pathways using a matrix of combinatorial
RNAI experiments in cultured cells. Mathematical modelling of the
combinatorial perturbations allowed us to reconstruct known molecular
pathways, to predict novel molecular interactions, and to predict new
functions of genes that were confirmed by independent biochemical
experiments.
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GENOMIC ANALYSIS OF GLOBAL VILLAGE DOG POPULATIONS
REVEALS COMPLEX DOMESTICATION HISTORY OF DOMESTIC
DOGS FROM GRAY WOLVES

Adam R Boykol, Ryan H Boykoz, Corin M Boykoz, Elaine A Ostrander’,
Robert K Wayne®, Carlos D Bustamante'

'Stanford, Genetics, 300 Pasteur Dr, Stanford, CA, 94305, *UC-Davis,
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Written into the genome of modern domestic dogs are the genetic footprints
of the demographic and selective forces underlying their transition from
gray wolves. However, mtDNA sequencing and SNP genotyping of wolves
and dog breeds have thus far yielded conflicting accounts of dog origins.
Village dogs are potentially highly informative for domestication history
because of their high genetic diversity, their geographic population
structure, and the small amount of genetic drift since domestication relative
to breed dogs. We present a novel dataset comprised of 58,000 SNPs in 260
village dogs, 150 gray wolves, and hundreds of modern and ancient breed
dogs that reveals strong evidence for a complex domestication history in
dogs that differs substantially from current theories of a single, recent East
Asian origin of domestic dogs.

Principal component analysis uncovers at least four radiations of dogs from
a central Middle Eastern cluster, including a radiation into sub-Saharan
Africa, northern Africa, East Asia and the Pacific, and Europe. PCA and
haplotype sharing patterns between village dogs and wolves show both a
primary domestication origin in the Middle East and regional introgression
with sympatric wolf populations. Wolves have significantly less linkage
disequilibrium than village dogs, consistent with a domestication bottleneck
shared by breed and village dogs. In contrast, wolves have more IBD tracts
than village dogs, implying village dogs have subsequently maintained
higher effective population sizes than wolves.

Several traits associated with domestication---including body size, fur type
and floppy ears---show significant variation within or between village dog
populations. Analysis of known QTLs for these traits in breed dogs reveals
they account for much of the phenotypic variation of village dogs as well.
Tracing allele and haplotype sharing patterns between village dog and wolf
populations around these loci reveals a rich picture of the genetic and
phenotypic evolution of domestic dogs.
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EXPRESSED, RARE, DELETERIOUS GENETIC VARIANTS
DISTINGUISH BREAST CANCER SUB TYPES

Christopher D Brown', Thomas Stricker'~, Megan E McNerney'?, Ralf
Kittler', Subhradip Karmakar', Kevin P White'

'University of Chicago, Department of Human Genetics and Institute for
Genomics and Systems Biology, 900 E. 57th St., Chicago, IL, 60637,
*University of Chicago, Department of Pathology, 900 E. 57th St., Chicago,
IL, 60637

Breast cancer is a heterogenous disease, representing a mix of tumors with
different histologies, expression of biomarkers and gene expression profiles.
Importantly, expression of biomarkers such as Estrogen Receptor (ER), the
Progesterone Receptor (PR), or the Human Epidermal Growth Factor
Receptor 2 (HER2) can determine choices in therapy. Indeed, one of the
most aggressive classes of breast cancer is defined by the absence of these
biomarkers; so-called triple negative breast cancer (TNBC) cannot be
treated by inhibiting hormone receptors or by targeting HER2. To examine
the genetic basis underlying the different subtypes of breast cancer, we
sequenced the transcriptomes of eleven ER positive (ER+) breast cancers
and fifteen TNBCs. In total, we identified over 70,000 allelic variants, many
of which are presumed to be of germline origin as they commonly occur in
the human population. However, a smaller fraction of allelic variants we
identified are not common alleles and are predicted to be deleterious to
protein function. Genotyping of adjacent normal tissue demonstrate that a
small fraction of these variants have a somatic origin. These rare,
deleterious alleles deifferentiate less aggressive ER+ tumors from more
aggressive triple negative tumors. In contrast, common variants fail to
segregate the tumor types. Thus, the previously defined clinicopathologic
subtypes of breast cancer have a common genetic basis that is unique from
the other subtypes. Dozens of rare, deleterious alleles contribute to each
genetic subtype we observed, indicating that these subtypes are may be by
many loci acting in combination. Furthermore, these combinations of alleles
often occur in multiple components of the same molecular pathways.
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GENOME-WIDE PATTERNS OF POPULATION STRUCTURE AND
ADMIXTURE AMONG HISPANIC/LATINO POPULATIONS

Katarzyna Bgc*', Christopher Velez*?, Tatiana Karafet’, Andres Moreno-
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'Cornell University, Dept Biol Stat and Comp Biology, 1187 Comstock
Hall, Ithaca, NY, 14850, INYU School of Medicine, Dept of Pediatrics
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*University of Arizona, ARL Div of Biotech and Dept of Ecology and Evol
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Hispanic/Latino populations possess a complex genetic structure that
reflects recent admixture among and potentially ancient substructure within
Native American, European, and West African source populations. We
quantify genome-wide patterns of SNP and haplotype variation among 100
individuals with ancestry from Ecuador, Colombia, Puerto Rico, and the
Dominican Republic genotyped on the Illumina 650K SNP panels as well as
112 Mexicans genotyped on the Affymetrix 500K platform. Intersecting
these data with previously collected high-density SNP data from 4,305
individuals, we use principal component analysis and clustering methods to
investigate genome-wide patterns of African, European, and Native
American population structure within and among Hispanic/Latino
populations. Comparing autosomal, X and Y chromosome, and mtDNA
variation, we find evidence of a significant sex bias in admixture
proportions consistent with disproportionate contribution of European male
and Native American female ancestry to present day populations. We also
find that patterns of linkage-disequilibria in admixed Hispanic/Latino
populations are largely impacted by the admixture dynamics of the
populations with faster decay of LD in populations of higher African
ancestry. Finally, we reconstruct fine-scale chromosomal patterns of
admixture and estimate time since admixture from the lengths of ancestry
tracts for each of the admixed populations.

* These authors contributed equally.
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TISSUE-SPECIFIC REWIRING OF SIGNALING PATHWAYS
THROUGH ALTERNATIVELY SPLICED DISORDERED SEGMENTS
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It is a frequent phenomenon that the same gene takes part in signaling
pathways that have different, sometimes even opposing, outcomes.
Intriguingly, mechanisms that ensure the specificity of the transmitted
signals are still unclear. In this study we present the argument for the
importance of finely regulated alternative splicing of disordered protein
segments in attaining this specificity. We observe that tissue-specific exons
encode protein segments enriched in intrinsically disordered regions with
overrepresented binding peptides and post-translationally modified sites.
Functional relevance of the observed phenomenon is further indicated with
significant evolutionary conservation of the tissue-specific disordered
regions and predicted binding peptides. By alternatively splicing functional
disordered segments, an individual gene can achieve functional versatility
without compromising the structural stability of its protein products. Since
the mechanisms for regulation of signaling specificity are frequently
disrupted in cancer and other diseases, it is important to understand the role
of proteins’ functional disordered residues in the regulation of signaling
cascades.
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ENRICHING FOR INDELS IN COMPLEX DISEASE BY DEEP
SEQUENCING.
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* Authors contributed equally

Genetic association studies of complex disease commonly focus on
variations caused by single base-pair substitutions while few studies
consider the large assortment of insertions and deletions (INDELSs) that also
make up natural genetic variation in the face of disease. In a large
population-based cohort of 13,715 individuals from the Atherosclerosis
Risk in Communities (ARIC) study, we examined the rare and common
INDELs in HHEX and KCNJ11, genes historically associated with diabetes.
Our analysis focuses on these genes in relation to the population genetics of
INDELSs and the impact of INDEL variations on metabolic risk factors for
diabetes and coronary heart disease. Using Sanger sequencing of the full
gene regions, we detected significantly associated INDELs for multiple
metabolic phenotypes that were internally replicable. From the initial 76
INDELSs, 44 were validated by 454FLX sequencing and ranged in size from
1-9bp. We examined the INDELSs in context with the surrounding haplotype
background and the linkage disequilibrium between putative functional
mutations and the INDELs. We then examined the correlation between
phenotypic variation and regions of conservation in orthologous sequences.
Finally, we compared the INDELS in the extreme phenotypic deciles to
those found in the full distribution to examine the consequence of a
common sampling strategy in wide use today. These data provide the first
glimpse at the population genetic dynamics of INDEL variations in a
population-based sample.
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FITNESS AND STRUCTURE LANDSCAPES FOR PRE-MIRNA
PROCESSING
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The processing from pre-miRNA to mature miRNA in plants involves a
mechanism, which depends on an extended stem in the secondary structure
of the pre-miRNA. Here, we show how natural selection acts on this
secondary structure to produce evolutionary conservation of the processing
mechanism together with modularity of the pre-miRNA molecules, making
this molecular function independent of others. Our main results are:

1. Selection on miRNA processing can be described by a fitness landscape
which depends on the free energy AG of the processing stem as quantitative
molecular phenotype. Stem structures with AG>17kcal/mol have a constant
fitness value; less stable stems incur a relative fitness cost. We infer this
fitness landscape by a genome-wide analysis of Arabidopsis thaliana,
comparing the stem free energy distribution of 130 functional pre-miRNAs
with a background ensemble of random RNA molecules.

2. This fitness landscape (together with the overall sequence divergence)
predicts the divergence of the free energy phenotype, as well as the
selection coefficients of pre-miRNA sequence changes. These predictions
are in excellent quantitative agreement with the results of a genome-wide
cross-species comparison of orthologous pre-miRNAs between A. thaliana
and A. lyrata. We conclude that there is a strong evolutionary constraint on
processing phenotype and function, although individual sequence changes
are only under weak selection. Our analysis shows how natural selection
interacts with the complex genotype-phenotype mapping induced by RNA
folding.

3. Actual pre-miRNA structures are modular: their stem free energy is
significantly less affected by deleterious mutations in the remainder of the
molecule than for random RNA molecules. This modularity is driven by
mutational load favoring structures with more stable stems. This suggests a
general evolutionary mechanism by which selection, mutations, and genetic
drift generate modularity, a feature that is important for the independence of
molecular functions in RNA, proteins, and extended molecular networks.
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PUNCTUATED OR GRADUAL? TIMING THE ACCELERATION OF
HUMAN ACCELERATED REGIONS WITH NEANDERTAL DNA
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Hernén A Burbano!, Richard E Greenl’z, Tomislav Maricic', Marco de la
Rasilla®, Antonio Rosas’, Michael Lachmann', Svante Péibo'

'"Max Planck Institute for Evolutionary Anthropology, Evolutionary
Genetics, Deutscher Platz 6, Leipzig, 04103, Germany, “University of
California, Biomolecular Engineering, 1156 High St, Santa Cruz, CA,
95064, *Universidad de Oviedo, Departamento de Historia, Calle del
Teniente Alfonso Martinez, Oviedo, 33011, Spain, *Museo Nacional de
Ciencias Naturales, Departamento de Paleobiologia, Calle de José Gutierrez
Abascal 2, Madrid, 28006, Spain

Recent comparative genomics analyses have identified regions that are both
highly conserved in vertebrate evolution yet fast-evolving on the human
lineage. One intriguing possibility is that these human accelerated regions
(HARS) are spots of adaptive evolution in human ancestors. Alternatively,
however, the biased substitution spectrum of these elements, and their
proximity to recombination hotspots, suggest that biased gene conversion
could have caused the observed acceleration.

One limitation in investigating the forces shaping HARs is that it is
unknown exactly when, in the last 5-7 million years since the last human-
chimpanzee common ancestor, the human substitutions occurred. To get
temporal resolution on the evolution of HARs, we are using DNA
sequences from Neandertals, the closest extinct relative of current human
populations, to determine which substitutions in HARs pre- and postdate the
divergence to Neandertals.

Using targeted sequence capture on glass microarrays, we captured
Neandertal DNA sequences of previously identified HARs from a ~43,000-
year-old Neandertal specimen from El Sidron, Spain, attaining multifold
coverage. To generate a picture of which substitutions in HARs are fixed
versus polymorphic in present-day humans, we also sequenced the same
regions in 50 individuals from the Human Diversity Panel. We will present
the substitutions in HARs and compare them with genome-wide average
rates of substitutions.
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A GENERAL METHOD FOR ASSEMBLING GENOMES FROM
ILLUMINA DATA
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Over the past decade, DNA sequencing costs have dropped about 10,000-
fold. The lowest-cost reads from current technologies are short, have a high
error rate, and land unevenly on the genome. They are ideally suited to
‘resequencing’ applications in which a preexisting reference sequence is
available; but for de novo genome assembly, they are challenging to work
with, and results have generally been inferior to those obtained from the old
(Sanger method) technology.

Here we demonstrate a practical and general laboratory/computational
method for generating high-quality de novo assemblies of genomes at the
lowest possible cost. Our method starts with 100-base Illumina paired reads
from two libraries: one from fragments of size 180 bp (slightly less than
twice the read length), and one from fragments of size 3000 bp, via a
‘jumping’ construction. These two libraries use off-the-shelf methods and
provide power that could not be obtained from a single library. We also
demonstrate experimental methods for jumping longer fragments to yield a
third library, providing even greater potential for long-range connectivity.

We assembled these data using our new version of the ALLPATHS
algorithm. This algorithm has been scaled up to work on large genomes and
made robust to idiosyncrasies in library construction, variation in coverage,
and run-to-run variability in sequence quality, all of which have been
critical problems for genome assembly.

We tested our method using a suite of 16 genomes, including 9 for which a
reference sequence was available and 7 from completely new samples.
These genomes range in size from 2 to 2600 Mb, and in GC content from
19% to 71%. Using the preexisting reference sequences, we assess the
completeness, continuity, and accuracy of these assemblies, finding that in
most cases their quality exceeds the general quality level of draft assemblies
that had been achieved using Sanger sequencing.
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Comparative gene expression studies can be used to see which genes are
diverged across species, not just in terms of sequence, but also in terms of
function. RNA-Seq provides a method of measuring gene expression that is
independent of probe design and therefore ideally suited for cross-species
comparisons. We used this approach to compare the transcription level of
orthologous genes in four Saccharomyces species.

We found that the transcription level of single-copy orthologous genes was
well-correlated between species, and genes which are known to have
diverged in expression during evolution were easily identified. For example,
genes involved in the nitrogen catabolite repression pathway were clearly
expressed differently in cerevisiae versus the other three yeast species.

We also looked at gene transcription in evolutionary lineages after a gene
duplication event. We found several examples where the syntenic gene
maintained a transcription level consistent with the orthologous genes in the
other species, while the paralog, located in a different genomic context, had
a markedly decreased level of transcription.

In the course of this study, we developed a simple and statistically robust
method for measuring differential gene expression in RNA-Seq (shotgun)
reads. To develop this method, we relied on biological replicates as a null
model. We found that our best results were achieved when we used the raw
count of reads which uniquely mapped to the region of the genome where
the gene is located as our primary measurement of gene expression, and we
did not normalize by transcript length. We observed that variations in the
measurement of gene expression across replicates was greater than is
predicted by Poisson variation. We quantified the magnitude of this
variation based on the replicates and modified the conventional X2 test to
allow for calibration based on these fluctuations. We then use this test to
identify statistically significant, and therefore likely biologically
meaningful, differences in gene expression.
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TRANSCRIPTION FACTOR ACTIVITY
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Understanding how phenotype relates to genotype is one of the central goals
of biology. Analysis of parallel genotyping and expression profiling data
has shown that mRNA expression level is highly heritable. While the
molecular mechanisms underlying the heritability of gene expression levels
are poorly understood, they are expected to often involve mediation by
transcription factors (TFs). We here present a transcription-factor-centric
and sequence-based method for dissecting the transcriptional response to
genetic perturbations. In our approach, we first predict the affinity with
which each TF binds to the promoter region of each gene using quantitative
prior information about the DNA binding specificity. Next, we perform
genomewide linear regression of differential mRNA expression on
predicted promoter affinity to estimate segregant-specific TF activity as a
quantitative phenotype. Genetic mapping of the TF activity trait allows us
to identify the activity quantitative trait loci (“aQTLs”) whose inheritance
modulates the regulatory activity of each specific TF. Our method has a
greatly improved statistical power to detect regulatory mechanisms
underlying the heritability of genomewide mRNA expression. Specifically,
it identifies seven times as many locus-TF associations and more than twice
as many trans-acting loci from a genetic cross between two haploid yeast
strains as all existing methods combined. We validated our ability to predict
locus-TF associations in yeast using gene expression profiles for allele
replacement strains. Furthermore, application to mouse data from an F2
intercross identified an aQTL on chromosome VII modulating the activity
of Zscan4 in liver cells, demonstrating that our method also works in higher
eukaryotes.
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The availability of a high-quality genome reference sequence is a key
resource to drive scientific discoveries in molecular biology. Whilst the
recent developments of high-throughput sequencing technology have
accelerated and reduced the cost of generating genomic data it remains a
challenge to assemble high-quality contiguous sequences that can reliably
represent the genome of the organism under study. Here we present the
quality improvement work being undertaken by the Swine Genome
Sequencing Consortium to generate a high-quality draft reference genome
sequence for the pig. The development of the pig sequence exploits the
availability of a physical map that integrates fingerprinted clones from 4
different BAC libraries as well as a dense panel of radiation-hybrid
markers. A minimal tile path of BAC clones representing 98.3% of the
physical map was subjected to hierarchical shotgun Sanger sequencing,
with preference given to clones from the CHORI-242 library, which was
constructed from a single Duroc sow (TJ Tabasco). Sequence coverage for
each BAC clone was supplemented using automated primer walking from
the ends of assembled sequence contigs to obtain an equivalent to 6x
shotgun coverage of each BAC clone. A number of genomic regions of
specific interest to the pig research community and the ENCODE regions
have been sequenced to finished quality. In the latest release of the pig
genome (Sscrofa9), 114Mb of the 2.97 Gbp represented in sequence contigs
have been finished. To further improve the quality of the genome, we are
now integrating whole genome shotgun (WGS) Illumina sequences from the
same Duroc sow generated by the Beijing Genomics Institute (China) and
the Wellcome Trust Sanger Institute (UK) into the assembly. These reads
were assembled using a stringent algorithm to ensure that the resulting
contigs were free of misassemblies. Although short, the these contigs
provided an invaluable resource to reliably close or reduced the size of 20%
of the gaps. This approach is complemented by the alignment of WGS
Sanger reads generated by the National Livestock Research Institute
(Korea) and full-length cDNAs to correct the orientation and order of
contigs. This strategy preserves the underlying sequence architecture
defined by the physical map and minimizes the confounding effect of
repeats. This information will be integrated in future releases of the pig
genome reference sequence.
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PATTERNS OF GENETIC CHANGE IN DROSOPHILA CODING
SEQUENCE REVEAL THE GENERIC MODULARITY OF PROTEINS,
AND THE UBIQUITY OF EPISTASIS.
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Protein structure is generically modular, a property which extends to protein
sequence and results in characteristic patterns in the distribution of changes
along protein coding sequence. We consider this effect in the Drosophila
genome by use of correlation functions between divergences and
polymorphisms as a function of sequence separation. Amino acid evolution
is significantly correlated on a length scale of O(20) amino acids, the
characteristic length scale of protein sequence modules. We call this
phenomenon local clustering and its cause is two-fold: the character of
selection (e.g. level of constraint) is correlated within a module, and
epistasis is more likely within a module. Epistasis is revealed in the
increased probability that nearby divergences occur on the same lineage,
and by a significant tendency for nearby same-lineage divergences to
conserve the total local charge. Overrepresentation of the doubly mutant
haplotype at nearby polymorphic sites also suggests epistasis. While
heterogeneity in constraint contributes greatly to clustering, we conclude
that epistasis is essential to at least 10% of amino acid changes.
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Gene duplication has long been appreciated as a source of raw material for
genetic and functional innovation. More recently, attention has focused on other
mechanisms that generate new genes. For example, de novo gene creation from
previously non-coding sequence has been found in fungi, flies, and mammals---
with estimates that as many as 12% of new genes in fly and 6% in human were
created via this mechanism. Processes such as exon shuffling, incorporation of
mobile elements, and gene fission and fusion can also create new genes with
sequence and structure combinations that are novel to a genome. Despite the
prevalence of new gene creation, very little is known about the functions of
recently evolved genes and how these functions change over time.

To investigate these processes, we classified all genes in Saccharomyces
cerevisiae according to their age and mechanism of creation. This enabled us to
analyze the relationship between how and when a gene was created and the
roles it plays in the cell. We observed significant differences in genes’
annotation, essentiality, interactions, and specific functions based on their
evolutionary histories.

Our primary finding is that new genes become more functionally integrated into
the cell with time, but that the dynamics of this process differ significantly
between duplicated and totally novel genes. For example, new proteins are
generally less connected in physical interaction networks than older proteins,
but duplicate proteins are more integrated than novel proteins of similar age.
Similarly, older proteins are more likely to be essential and to play roles in well-
characterized cellular processes than new proteins, especially those created by
mechanisms other than duplication. Furthermore, recently created duplicated
genes show evidence of being involved in adapting existing functions to
environmental changes, while no significant functional enrichment was found
among new genes created by other mechanisms. Thus, genes with novel
sequences are initially less integrated into cellular networks than duplicated
genes, but they are more likely to experience a dramatic gain in function after
creation.

This study shed light on several other aspects of gene evolution. First, we found
a significant preference among all proteins to interact with other proteins that
share both the same age and mechanism of creation. Second, the regulation of
genes differs based on their age and origin, with novel genes being significantly
less regulated than other groups. Finally, analysis of new proteins in the context
of the interaction network identified areas of potential recent adaptation.

46



NEXT-GENERATION TARGETED RESEQUENCING TO
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Gibbons are small apes that inhabit South East Asia and shared a common
ancestor with the other hominoids about 18 million years ago. Gibbon
species display an extremely high rate of chromosomal rearrangements, 20
fold higher than most of the other mammals. Moreover, with 15 recognized
species they show a taxonomic diversity greater than the other hominoids.
We have already shown that the increase frequency of chromosomal
rearrangements in gibbons can be explained by lower epigenetic repression
of transposable elements (Carbone et al. 2009). We are now investigating
factors that might explain the high fixation rate of chromosomal
rearrangements in this species group. In particular we are speculating th