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The Diploid Genome Sequence
of an Individual Human

Samuel Levy1 " Granger Sutton’, Pauline C. Ng1, Lars Feuk®, Aaron L. Halpern1, Brian P. Walenz', Nelson Axelrod’,
Jiagi Huang1, Ewen F. Kirkness', Gennady Denisov', Yuan Lin", Jeffrey R. MacDonald?, Andy Wing Chun Pangz,

Mary Shagoz, Timothy B. Stockwell’, Alexia Tsiamouri', Vineet Bafna®, Vikas Bansal®, Saul A. Kravitz', Dana A. Busam’,
Karen Y. Beeson', Tina C. Mcintosh', Karin A. Remingwn1 Josep F. Abril*, John Gill', Jon Borman', Yu-Hui Rogers1,
Marvin E. Frazier', Stephen W. Scherer®, Robert L. Slrausberg ). Craig Venter'

1 1. Craig Venter Institute, Rockville, Maryland, United States of America, 2 Program in Genetics and Genomic Biolagy, The Hospital for Sick Children, and Molecular and
Medical Genetics, University of Toronto, Toronto, Ontario, Canada, 3 Department of Computer Science and Engineering, University of California San Diego, La Jalla,
California, United States of America, 4 Genetics Department, Facultat de Biologia, Universitat de Barcelona, Barcelona, Catalonia, Spain

Presented here is a genome sequence of an individual human. It was produced from ~32 million random DNA
fragments, sequenced by Sanger dideoxy technology and assembled into 4,528 scaffolds, comprising 2,810 million
bases (Mb) of contiguous sequence with approximately 7.5-fold coverage for any given region. We developed a
modified version of the Celera assembler to facilitate the identification and comparison of alternate alleles within this
individual diploid genome. Comparison of this genome and the National Center for Biotechnology Information human
reference assembly revealed morgtham T million DNA variants, g 12.3 Mb. These variants (of which
1,288,319 were novel) included 3,213,401 single nucleotide polymorphlsms {SNPs 53,823 block substitutions (2-206
bp), 292,102 heterozygous insertian/deletion events (indels){(1-571 bp), 5594 Bmozygous indels (1-82,711 bp), 90
inversions, as well as numerous segmenta ber variation regions. Non-SNP DNA variation
accounts for 22% of all events identified in the don or, however they involve 74% of all variant bases. This suggests an
important role for non-5NP genetic alterations in defining the diploid genome structure. Moreover, 44% of genes were
heterozygous for one or more variants. Using a novel haplotype assembly strategy, we were able to span 1.5 Gb of
genome sequence in segments =200 kb, providing further precision to the diploid nature of the genome. These data
depict a definitive molecular portrait of a diploid human genome that provides a starting point for future genome
comparisons and enables an era of individualized genomic information.

Citation: Levy 5, Sutton G, Ng PC, Feuk L, Halpern AL, et al. (2007) The diploid genome sequence of an individual human. PLaS Biol 5(10): £254. doi10.1371 journal pbio.
0050254
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DNA sequencing of a cytogenetically
normal acute myeloid leukaemia genome

Timothy J. Ley"**"* Elaine R. Mardis®**, Li Ding”™", Bob Fulton®, Michael D. McLellan®, Ken Chen®, David Dooling®,
Brian H. Dunford-Shore®, Sean McGrath®, Matthew Hickenbotham?, Lisa Cook®, Rachel Abbott®, David E. Larson®,
Dan C. Koboldt®, Craig Pohl®, Scott Smith®, Amy Hawkins®, Scott Abbott®, Devin Locke®, LaDeana W. Hillier™®,
Tracie Miner’, Lucinda Fulton®, Vincent Magriniz*", Todd Wylie3, Jarret Glasscock®, Joshua Conyersg,

Nathan Sander?, Xiaogi Shi®, John R. Osborne®, Patrick Minx®, David Gordon®, Asif Chinwalla®, Yu Zhao',
Rhonda E. Ries', Jacqueline E. Payton®, Peter Westervelt'**, Michael H. Tomasson'*, Mark Watson®*®, Jack Baty®,
Jennifer lvanovich®’, Sharon Heath'*, William D. Shannon'*?, Rakesh Nagarajan®”, Matthew J. Walter"*,

Daniel C. Link"*, Timothy A. Graubert"*, John F. DiPersio™* & Richard K. Wilson>™"*

Acute myeloid leukaemia is a highly malignant haematopoietic tumour that affects about 13,000 adults in the United States
each year. The treatment of this disease has changed little in the past two decades, because most of the genetic events that
initiate the disease remain undiscovered. Whole-genome sequencing is now possible at a reasonable cost and timeframe to
use this approach for the unbiased discovery of tumour-specific somatic mutations that alter the protein-coding genes. Here
we present the results obtained from sequencing a typical acute myeloid leukaemia genome, and its matched normal
counterpart obtained from the same patient’s skin. We discovered ten genes with acquired mutations; two were previously
described mutations that are thought to contribute to tumour progression, and eight were new mutations present in virtually
all tumour cells at presentation and relapse, the function of which is not yet known. Our study establishes whole-genome
sequencing as an unbiased method for discovering cancer-initiating mutations in previously unidentified genes that may
d to targeted therapies.
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Illumina Announces New Pricing for its Individual Genome Sequencing Service
Technological Advancements Drive Down Sequencing Costs, Accelerating Pace of Genetic Research
SaM DIEGO, Jun 03, 2010 (BUSINESS WIRE) --Illumina, Inc. {(NASDAC: ILMN) today announced a new price of $19,500 for its individual genome
addition, the company announced a price of $14,500 per genome for groups of five or maore participants using the same
phEician, Individuals with seriouswgdical conditions for whom whole-genome sequencing could provide potential direct clinical value will be eligible for
special pricing of $3,500 per genome. Y all cases, the service requires individuals to follow Illumina's physician-mediated process, which involves
RE-service consultation, consent, 3l a seven-day cooling off period, with final genome data returned to the physician.

"ve are very excited to be able to offer improved pricing for our individual genome sequencing service, as technological advancements continue to
drive down costs," said Jay Flatley, president and chief executive officer of Illumina, "We are also pleased to be able to offer special pricing programs
that will serve to further increase access to individual genome sequencing, If we can stimulate the generation of more individual whole-genome
sequences and the comparison of those sequences to the public databases being populated by academia, the content of the databases can be
crnriched and the entire field accelerated.”

Ilumina also announced its intention to create the World Genome Registry, a web-based resource for those whao have been sequenced to record the
date they were sequenced, at what coverage and with which technology platform. This web site will serve to keep the consumer genetics community
updated on the current global numbers and status of individual whole-genome human sequences being generated. The company intends to create this
resource and then turn it over to the community ance it s established.
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Clinical assessment incorporating a personal genome

Evan A Ashley, Atul] Butte, Matthew T Wheeler, Rong Chen, Teri EKlein, Frederick E Dewey, Joel T Dudley, Kelly E Ormond, Aleksandra Pavlovic,
Alexander A Morgan, Dmitry Pushkarev, Norma F Neff, Louanne Hudgins, Li Gong, Laura M Hodges, Dorit S Berdin, Caroline F Thorn,

on, Hersh Sagreiya, Ryan Whaley, Joshua W Knowles, Michael F Chou, Joseph V Thakuria,

Abraham M Rosenbaum, Alexander Wait Zaranek, George M Church, Henry T Greely, Stephen R Quake, Russ B Altman

Katrin Sangkuhl, Joan M Hebert, Mark

Summary
Background The cost of genomic information has fallen steeply, but the clinical translation of genetic risk estimates
remains unclear. We aimed to undertake an integrated analysis of a complete human genome in a clinical context.

Methods We assessed a patient with a family history of vascular disease and early sudden death. Clinical assessment
included analysis of this patient's full genome sequence, risk prediction for coronary artery disease, screening for
causes of sudden cardiac death, and genetic counselling. Genetic analysis included the development of novel methods
for the integration of whole genome and clinical risk. Disease and risk analysis focused on prediction of genetic risk
of variants associated with mendelian disease, recognised drug responses, and pathogenicity for novel variants. We
queried disease-specific mutation databases and pharmacogenomics databases to identify genes and mutations with
known associations with disease and drug response. We estimated post-test probabilities of disease by applying
likelihood ratios derived from integration of multiple common variants to age-appropriate and sex-appropriate pre-
test probabilities. We also accounted for gene-environment interactions and conditionally dependent risks.

Findings Analysis of 2 ¢ million single nucleotide polymorphisms and 752 copy number variations showed increased
genetic risk for myocardial infarction, type 2 diabetes, and some cancers. We discovered rare variants in three genes
that are clinically associated with sudden cardiac death—TMEM43, DSP, and MYBPC3. A variant in LPA was
consistent with a family history of coronary artery disease. The patient had a heterozygous null mutation in CYP2C19
suggesting probable clopidogrel resistance, several variants associated with a positive response to lipid-lowering
therapy, and variants in CYP4F2 and VKORC] that sugpest he might have a low initial dosing requirement for
warfarin. Many variants of uncertain importance were reported.

Interpretation Although challenges remain, our results suggest that whole-genome sequencing can yield useful and
clinically relevant information for individual patients.

Funding National Institute of General Medical Sciences; National Heart, Lung And Blood Institute; National Human
Genome Research Institute; Howard Hughes Medical Institute; National Library of Medicine, Lucile Packard
Foundation for Children's Health; Hewlett Packard Foundation; Breetwor Family Foundation.

Introduction

Technological advance has greatly reduced the cost of
genetic information. However, the explanatory power and
path to clinical translation of risk estimates for common
variants reported in genome-wide association studies
remain unclear. Much of the reason lies in the presence of
rare and structural genetic variation. Since we are now able
to rapidly and inexpensively sequence complete genomes -
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and a board-certified genetic counsellor (KEQ). We took
the patient’s medical history and he was clinically
assessed. A four-generation pedigree was drawn. In view
of his family history, he underwent electrocardiography,
an echocardiogram, and a cardiopulmonary exercise test.

Genome analysis
.
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Figure 5. Detection of BRCA1 exon deletions by MLPA
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[A] Single-gene disorders: a variant in a single gene is the primary determinant of this

type of disease, is responsible for most of the disease risk, with possible minor
contributions from modifier genes or environment.

[B] Complex disease: many variants of small effect contribute to disease risk, along
with many environmental factors.

Reproduced with permission from the American Soctety for Climical Investiganion, Manolio, T et al, 2008, A
HapMap harvest of insights tnto the genetics of common diseases, § Clin Invest 118:1590
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Perfil genémico de riesgo en la practica clinica

Dres. Victor Raggio™, Leda Roche®

Resumen

En los #iltimas diez afios se ha vista un aumento exponencial tanto de los conocimientas en
genética meédica como en la capacidad de analizar el genoma humano. En los préximos afios
es probable que estas tendencias continiien, haciendo necesaria la incorporacion de estas
herramientas en la practica médica diaria. En estos momentos asistimos a los primeros
intentos serios de aplicacién de la gendmica humana a la atencién de la salud. Ei
conocimiento de las bases genéticas, y las interacciones a nivel molecular gue llevan a las
enfermedades humanas, fiene potencialidades enormes para mejorar el diagndstico, el
prongstico, el tratamiento y la prevencion de las mismas, e implica el desafio de como
interpretar esta informacion ¥ como educar a los médicos para utilizaria.

En este trabajo analizamos {os iiltimos desarrollos, los beneficios y las limitaciones del
andiisis genémico en la clinica, las herramientas utilizadas para ello, esbozamos algunas
tendencias y su extrapolacion al futuro inmediato y, finalmente, analizamos la situacion en
nuestro medio

Palabras clave: BIOLOGI4 MOLECULAR.
GENOMA HUMANO.
GENETICA MEDICA

Keywords: MOLECULAR BIOLOGY.
GENOME, HUMAN.
GENETICS, MEDICAL.
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