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The Race for the $1000 Genome

Fast, cheap genetic analyses will snan become a reality, and the consequences—good

and bad—will affect everybody
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2002 2003 2004 2005 2006 2007 2008

ABI 3730xI 454 GS-20 ABI SOLID lllumina GAIlx,
capillary pyrosequencer sequencer SOLID 3.0
sequencer analyser lllumina GAIl
2002 2003 2004 2005 2006 2007 2008
1,000 Genomes, Watson
Human Microbiome genome
HapMap Project begins | ENCODE Project begins projects begin publication

ENCODE Project| First tumour:normal
pilot publications! genome publication

2009 2010

2009 2010

1,000
Genomes pilot
and HapMap3

publications

Human genetic
syndromes publications

Mardis E. Nature 2011
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Cost per Raw Megabase of DNA Sequence Cost per Genome

Moore's Law Moore's Law

National Human National Human

Iy |
- Genome Research | Genome Research
Institute Institute

genome.govisequencingcosts genome.govisequencingcosts
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2001 2002 2003 2004 2005 2006 2007 2008 2009 2011 2012

National Human Genome Research Institute: genome.gov/sequencingcosts
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Extent of HIV variability
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HIV-1 V2-C5 sequence variztion tree
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HIV, single individual
6 years after infection

01 4 516






The cut-off I1ssue

GSS

o

)










8 5 5
8 20 3 8 ::

, 4 5+ - 3

31
09

8 ;21 0615

10
1 12 30
5121 6

5 1 6
5 3

.5 3 00+
51 03 16

1110

&

3

1 +1:51

I REVIEW

Low-Frequency HIV-1 Drug Resistance
Mutations and Risk of NNRTI-Based

Antiretroviral Treatment Failure
A Systematic Review and Pooled Analysis

Jonathan Z. Li, MD

Roger Paredes, MD, PhD
Heather J. Ribaudo, PhD
Evguenia S. Svarovskaia, PhD
Karin J. Metzner, MD
Michael J. Kozal, MD

Kathy Huppler Hullsiek, PhD
Melanie Balduin, PhD

Martin R. Jakobsen, PhD, Msc
Anna Maria Geretti, MD, PhD
Rodolphe Thiebaut, MD, PhD
Lars Ostergaard, MD, PhD
Bernard Masquelier, PharmD), PhD)
Jeffrey A. Johnson, PhD
Michael D. Miller, PhD
Daniel R. Kuritzkes, MD

ENOTYPIC TESTS FOR HUMAN

immunodeficiency virus

type 1 (HIV-1) drug resis-

tance use polymerase chain
reaction (PCR) amplification and
population sequencing techniques that
detect resistance-associated mutations
present in at least 15% to 25% of the
viral population.'? Using these tradi-
tional assays, the prevalence of trans-
mitted drug resistance mutations is
estimated to be between 8% and 16%
among HIV-1 infected persons in
North America and Europe.’* These
assays fail to detect the presence of
low-frequency, or minority, drug
resistance mutations within the popu-
lation of HIV-1 quasispecies in an

©2011 American Medical Association. All rights reserved.

Context Presence of low-frequency, or minority, human immunodeficiency virus type
1 (HIV-1) drug resistance mutations may adversely affect response to antiretroviral
treatment (ART), but evidence regarding the effects of such mutations on the effec-
tiveness of first-line ART is conflicting.

Objective To evaluate the association of preexisting drug-resistant HIV-1 minority
variants with risk of first-line nonnucleoside reverse transcriptase inhibitor (NNRTI)-
based antiretroviral virologic failure.

Data Sources Systematic review of published and unpublished studies in PubMed
(1966 through December 2010), EMBASE (1974 through December 2010), confer-
ence abstracts, and article references. Authors of all studies were contacted for de-
tailed laboratory, ART, and adherence data.

Stud lection and Data Ab Studies involving ART-naive participants
initiating NNRTI-based regimens were included. Participants were included if all drugs in
their ART regimen were fully active by standard HIV drug resistance testing. Cox pro-
portional hazard models using pooled patient-level data were used to estimate the risk of
virologic failure based on a Prentice weighted case-cohort analysis stratified by study.

Data Synthesis Individual data from 10 studies and 985 participants were avail-
able for the primary analysis. Low-frequency drug resistance mutations were de-
tected in 187 participants, including 117 of 808 patients in the cohort studies. Low-
frequency HIV-1 drug resistance mutations were associated with an increased risk of
virologic failure (hazard ratio (HR], 2.3 [95% confidence interval {Cl}, 1.7-3.3]; P<.001)
after controlling for medication adherence, race/ethnicity, baseline CD4 cell count,
and plasma HIV-1 RNA levels. Increased risk of virologic failure was most strongly as-
sociated with minority variants resistant to NNRTIs (HR, 2.6 [95% Cl, 1.9-3.5]; P<.001).
Among participants from the cohort studies, 35% of those with detectable minority
variants experienced virologic failure compared with 15% of those without minority
variants. The presence of minority variants was associated with 2.5 to 3 times the risk
of virologic failure at either 95% or greater or less than 95% overall medication ad-
herence. A dose-dependent increased risk of virologic failure was found in partici-
pants with a higher proportion or quantity of drug-resistant variants.

Conclusion In a pooled analysis, low-frequency HIV-1 drug resistance mutations,
particularly involving NNRTI resistance, were significantly associated with a dose-
dependent increased risk of virologic failure with first-line ART.

JAMA. 2011;305(13):1327-1335 www.jama.com

infected individual. Compared with  Author Affiliations are listed at the end of ths article
dard lati " Corresponding Authors: Jonathan Z. Li, MD (jli22
standard population sequencing, a  @partners.org), and Daniel R. Kuritzkes, MD (dkuritzkes
number of ultrasensitive assays, @partners.org), Section of Retroviral Therapeutics,
crecifi Brigham and Women's Hospital, Harvard Medical
including allele-specific PCR and deep  ¢,001 "5 | andsdowne St, Room 435, Cambridge,

sequencing, can detect mutations — MA02139.

JAMA, April 6, 2011—Vol 305, No. 13 1327
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Table 1. Baseline Characteristics of Studies Included in the Pooled Analysis

I!eucHan! glmen Balduin :iakobsen etzner Goodman aredes ohnson eretti Metzner
et al,’® et al,’® et al,"” et al,’® et al,"® et al,® et al,> et al,?? et al,® et al,>*
Characteristic 2008 2009 2009 2010 2011 2011 2010 2008 2009 2009 Total
Study design Cohort Cohort Cohort Cohort Cohort Cohort Case Case- Case- Case-
cohort control control control
Virologic failure, No. 2 45 7 1 1 44 150 52 14 3 315
Total participants, No. 13 70 54 20 56 423 280 240 89 18 1263
Age, mean (SD), y 38 (16.8) 378.8 41(11.7) 43(12.3) 42 (11.1) 38 (9.4) 37 (9.6) 37 (9.5) 38 (8.95) 43 (9.5) 38 (9.8)
Men, No. (%) 12 (92) 56 (80) 41 (76) 19 (95) 45 (80) 365 (86) 227 (81) 196 (82) 78 (88) 13(72) 1052 (83)
Race/ethnicity, No. (%)
Participants, No. 13 70 52 NR NR 422 279 240 89 17 1182
White 12 (92) 16 (23) 39 (75) 253 (6) 110 (39) 132 (55) 78 (88) 14 (82) 654 (55)
Black 1(8) 38((B4) 11 (21) 94 (22) 110 (39) 61 (25) 10 (11) 3(18) 328 (28)
Hispanic 0 14 (20) 0 61 (14) 54 (19) 42 (18) 0 0 171 (14)
Other 0 2 (3) 2 (4) 14 (3) 5(2) 5(2) 1(1) 0 29 (2)
CD4 cell count, 426 247 251 200 279 227 202 243 222 222 229
median (IQR), (303-522) (38-344) (196-326) (48-278) (191-368) (127-319)  (69-331) (145-327) (126-299) (59-249) (125-324)
cells/mm?
logso HIV RNA, median 4.4 5.3 4.7 5.1 4.9 5.0 4.8 5.1 5.2 5.4 5.0
(IQR), copies/mL (4.2-5.3) (49-5.8) (4.0-49 (46-58 (4.5-53) (4.6-54) (4.4-54) (4555 (4955 (4959 (4.6-54)

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; NR, not reported.
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Table 2. Characteristics of Minority Variants by Study?

IS § § 5§ Total
Peuchant Simen Balduin Jakobsen Metzner Goodman Paredes Johnson  Geretti Metzner for
et al,’® et al,’® et al,"” et al,’® et al,"® et al,® et al,> et al,?? et al,® et al,>* Cohort
Characteristic 2008 2009 2009 2010 2011 2011 2010 2008 2009 2009 StudiesP
Study design Cohort Cohort Cohort Cohort  Cohort Cohort Case Case- Case- Case-
cohort control control control
Method of detection® AS-PCR 454  AS-PCR SNaPshot AS-PCR AS-PCR AS-PCR AS-PCR AS-PCR AS-PCR
Limit of detection
(% of viral population)
K103N 0.4 1.0 0.2 2.0 0.01 0.5 0.003 0.9 0.9 0.01
Y181C 1.0 2.0 0.03 1.0 1.0 0.2
M184V 0.3 1.0 2.0 0.2 0.5 0.5 0.2
KB5R 1.0 2.0 0.4 0.3 0.4
Other NNRTI@ 1.0 2.0 0.9
No. with MVs and
VF/total No.
with MVs®
K103N 1/3 1/1 3/13 1/2 0/2 5/14 27/39 11 3/3 1/1 17/53
Y181C 0/0 0/0 83/123 11 0/0 1/1 25/65
M184V 0/3 0/0 11 0/3 11 0/0 2/2 1/7
KB5R 0/0 0/0 0/2 0/0 0/0 0/2

Other NNRTI4 3/3 0/0 0/0 3/3
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Figure 2. Kaplan-Meier Curves for
Proportion of Patients Without Virologic
Failure by Presence of Drug-Resistant HIV-1
Minority Variants
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Minority variant and adherence
No minority variant and any adherence
Any minority variant
Adherence >95% 35 138
Adherence <95% 63 138

No minority variant
Adherence >95%

Adherence <95% 43
Any minority variant
Adherence >95% 35 43
Adherence <95% 63 43
Minority variant, %
<1 91 209
>1 18 209
<0.5 86 107
>0.5 14 107
Minority variant copies, No.
1-9 8 148
10-99 41 148
100-999 35 148
>1000 20 148
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Varguese V, et al, JAIDS 2009
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Figure 2. Longitudinal changes in V3 loop forms and proportions. (A) Subject 07, (B) Subject 18, (C) Subject 19, and (D) Subject 47. The
most common V3 loop sequences across all three time points are numbered and displayed along the x-axis of the 3D-bar graph; corresponding
amino acid sequences are shown below the graphs. The relative contribution of each sequence is plotted on the y-axis and displayed as a proportion
of the total population. Time in weeks are shown on the z-axis. A coreceptor usage prediction using PSSM is shown for each sequence [32].
Coreceptor usage was measured phenotypically in sub07 by generating recombinant viruses that incorporated each V3 loop sequence. Vertical
arrows denote positions 11 and 25 in the V3 loop, respectively.

doi:10.1371/journal.pone.0005683.g002

Tsibris AMN, et al, PLoS One 2009
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Steps

Sample preparation

Ampli cation

Puri cation
Quantitation

Dilution
Sequencing

Data analysis

Ultra-deep sequencing Time/sample (h) TRUGENE HIV-1 Time/sample (h)
protocol Genotyping
High Pure Viral Nucleic 2 MagNA Pure Compact 0.75
Acid Large Volume Kit Nucleic Acid Isolation
Kit |
cDNA generation and 4 RT-PCR 4
PCRs
Agencourt AMPure kit 12 1 - -
PicoGreen 2 1 - -
measurement
Dilution and pooling 4 - -
Emulsion-PCR and 11 Sequencing and 4
pyrosequencing electrophoresis
Amplicon Variant 2 OpenGene DNA system 0.5
Analyzer software and software Guidelines
Stanford University 15.0
HIV database
E#8 ,HS8 )(H 8
01 ! 2

E. Stelzl et al. / Journal of Virological Methods 178 (2011) 94-97



A reverse complement Primer ID Barcode PCR priming site

— NNN NNN NN BAR primer 5’
pro pol
B VRNA 3’
Raw sequence reads Primer ID Barcode
CATAATAC TAG Sample T1 T2 T3
CATAATAC TAG
CATAATAC TAG Total 20,429 24,658 27,075
CATAATAC TAG JEELE
CATAATAC TAG Consensus 857 1,609 2,213
sequences

Consensus sequence CATAATAC TAG
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