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participants can give full informed consent. No medical or personal identifying information will
be obtained from the people providing the samples. The samples, however, will be identified by
the population from which they were collected.

“Studies like this must be done as ethically and transparently as we can,” said Ellen
Wright Clayton, M.D., J.D., of Vanderbilt University, who is chair of the group that is
addressing the project’s ethical and social issues. “For the HapMap project, we have devoted a
lot of effort to achieving both these goals in order to do truly responsible science.”

The samples will be processed and then stored at the Coriell Institute for Medical
Research in Camden, N.J., a non-profit biomedical research center that specializes in storing
living cells and making them available to scientists for further study.

Researchers from academic centers, non-profit biomedical research groups and private
companies in Japan, the United Kingdom, Canada, China and the United States will analyze the
samples to create the HapMap. The results will be made quickly and freely available on the
Internet in keeping with the data release approach of the Human Genome Project.

Public funding for the effort will be provided by the Japanese Ministry of Education,
Culture, Sports, Science and Technology (MEXT) in Tokyo; Genome Canada in Ottawa and
Genome Quebec in Montreal; the Chinese Academy of Sciences, the Chinese Ministry of
Science and Technology, and the Natural Science Foundation of China, all in Beijing; and the
U.S. National Institutes of Health (NIH) in Bethesda, Md. The SNP Consortium (TSC) in
Deerfield, Ill., will coordinate private funding, while The Wellcome Trust in London will
provide charitable funding for the United Kingdom portion of the project.

Understanding Variation

The International HapMap Project builds on the freely available sequence of the human
genome produced by the International Human Genome Sequencing Consortium. Although
research shows that any two people are 99.9 percent identical at the genetic level, the 0.1 percent
difference is important because it helps explain why one person is more susceptible to a specific
disease — say diabetes — than someone who is less susceptible. By studying the patterns of these

genetic differences or genetic variation in many people, researchers expect to identify which
differences are related to disease.

“The goal of studying the human genome has always been to provide health benefits to
all humankind. This project should be seen in that grand tradition,” said Francis S. Collins, M.D.,
Ph.D., director of the National Human Genome Research Institute, which is part of NIH, U.S.
Department of Health and Human Services. “The HapMap will provide a powerful tool to help
us take the next quantum leap toward understanding the fundamental contribution that genes
make to common illnesses like cancer, diabetes and mental illness.”

Genetic information is physically inscribed in a linear molecule called deoxyribonucleic

acid (DNA). DNA is composed of four chemicals, called bases, which are represented by the
four letters of the genetic code: A, T, C and G. The Human Genome Project determined the

International HapMap Project Announced Page 2



order, or sequence, of the 3 billion A’s, T’s, C’s and G’s that make up the human genome. The
order of genetic letters is as important to the proper functioning of the body as the order of letters
in a word is to understanding its meaning. When a letter in a word changes, the word’s meaning
can be lost or altered. Variation in a DNA base sequence — when one genetic letter is replaced by
another — may similarly change the meaning.

More than 2.8 million examples of these substitutions of genetic letters — called single
nucleotide polymorphisms or SNPs (pronounced snips) — are already known and described in a
public database called dbSNP (http://www.ncbi.nlm.nih.gov/SNP/), operated by NIH. The major
source of this public SNP catalog was work done by The SNP Consortium (TSC), a collaborative
genomics effort of major pharmaceutical companies, the Wellcome Trust and academic centers.

The human genome is thought to contain at least 10 million SNPs, about one in every 300
bases. Theoretically, researchers could hunt for genes using a map listing all 10 million SNPs,
but there are major practical drawbacks to that approach.

Instead, the HapMap will find the chunks into which the genome is organized, each of
which may contain dozens of SNPs. Researchers then only need to detect a few tag SNPs to
identify that unique chunk or block of genome and to know all of the SNPs associated with that
one piece. This strategy works because genetic variation among individuals is organized in
“DNA neighborhoods,” called haplotype blocks. SNP variants that lie close to each other along
the DNA molecule form a haplotype block and tend to be inherited together. SNP variants that
are far from each other along the DNA molecule tend to be in different haplotype blocks and are
less likely to be inherited together.

“Essentially, the HapMap is a very powerful shortcut that represents enormous long-term
savings in studies of complex disease,” said David Bentley, Ph.D., of the UK's Wellcome Trust
Sanger Institute.

Since all humans descended from a common set of ancestors that lived in Africa about
100,000 years ago, there have been relatively few generations in human history compared to
older species. As a result, the human haplotype blocks have remained largely intact and provide
an unbroken thread that connects all people to a common past and to each other. Recent research
indicates that about 65-85 percent of the human genome may be organized into haplotype blocks
that are 10,000 bases or larger.

The exact pattern of SNP variants within a given haplotype block differs among
individuals. Some SNP variants and haplotype patterns are found in some people in just a few
populations. However, most populations share common SNP variants and haplotype patterns,
most of which were inherited from the common ancestor population. Frequencies of these SNP
variants and haplotype patterns may be similar or different among populations. For example, the
gene for blood type is variable in all human populations, but some populations have higher
frequencies of one blood type, such as O, while others have higher frequencies of another, such
as AB. For this reason, the HapMap consortium needs to include samples from a few

geographically separated populations to find the SNP variants that are common in any of the
populations.
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Charles Rotimi, Ph.D., leader of the Howard University group collecting the blood
samples in Nigeria, said, “We need to be inclusive in the populations that we study to maximize
the chance that all people will eventually benefit from this international research effort.”

Because of the block pattern of haplotypes, it will be possible to identify just a few SNP
variants in each block to uniquely mark, or tag, that haplotype. As a result, researchers will need
to study only about 300,000 to 600,000 tag SNPs, out of the 10,000,000 SNPs that exist, to
efficiently identify the haplotypes in the human genome. It is the haplotype blocks, and the tag
SNPs that identify them, that will form the HapMap.

Haplotypes and Health

To date, most of the known disease-causing genetic variations have been for relatively
rare disorders, such as Huntington’s disease and cystic fibrosis. These diseases are caused by
variants in single genes that tend to have a big impact on health, making the genetic
contributions to the illnesses relatively easy to find using current methods that rely on gathering
family information, or pedigrees.

Researchers face a much tougher challenge when it comes to uncovering the genetic
contributors to more common diseases, such as Alzheimer’s disease, arthritis, cancer, diabetes,
schizophrenia and stroke. These disorders are caused by many genetic variants that individually
have a relatively weak contribution to the disorder, but together can increase the risk of illness.
Environmental and other non-genetic factors also contribute to the disease process, making it
even harder to find the genetic factors.

Researchers emphasize that the HapMap is not meant to minimize the role of
environmental factors in disease development. “In fact, studying genetic factors may greatly
increase the likelihood of our understanding the environmental contribution to illness, since these
influences often interact,” said Thomas Hudson, M.D., leader of the HapMap group at McGill
University in Canada.

Once the HapMap is constructed, researchers around the globe will use it to study the
genetic risk factors underlying a wide range of diseases and conditions. For any given disease,
researchers would use the HapMap tag SNPs to compare the haplotype patterns of a group of
people known to have the disease to a group of people without the disease, a method known as
an association study. If the association study finds a certain haplotype more often in the people
with the disease, researchers would then zero in on that genomic region in their search for the
specific genetic variant. The tag SNPs would serve as signposts indicating that a genetic variant
involved in the disease may lie nearby.

“Even with the human sequence in hand, linking small changes in the genome to changes
in health is tedious work,” said Huanming Yang, Ph.D., director of the Beijing Genomics
Institute and coordinator of The China HapMap Consortium. “The HapMap project will create a
powerful tool for linking differences in the genome to differences in health, including increased
risk for common illnesses.”
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Mapping an individual patient’s haplotypes also may be used in the future to help
customize medical treatment. Genetic variation has been shown to affect the response of patients
to drugs, toxic substances and other environmental factors. Some already envision an era in
which drug treatment is customized, based on the patient’s haplotypes, to maximize the
effectiveness of the drug while minimizing side effects.

In addition, the HapMap may eventually help pinpoint genetic variations that may
contribute to good health, such as those protecting against infectious diseases or promoting
longevity.

Technology and Cooperation

Carrying out such a complex project will depend on the application of robust
technologies to analyze individual SNP variants. The technologies must be capable of high
throughput, high quality, and low cost. Different groups will be using different technologies,
providing the scientific community a chance to test which approaches work best. That experience
is likely to speed the process of technology development, so that once the HapMap is available,
the tools to use it will be much better developed.

In addition to its pioneering approach towards developing the HapMap and related
technologies, the international consortium continues the strategy of pulling together a wide range
of public and private partners from around the globe to both conduct and fund the research.

TSC chairman Arthur Holden said, “We are very positive about the chance to work
collaboratively with the HapMap effort to support the informatic aspects of the program, as well

as to ensure that the resulting HapMap will be useful in both disease and pharmacogenomic
research.”

#iH#
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International HapMap Project

Participants: Sample Collection

COUNTRY RESEARCH GROUPS | FUNDING
Nigeg‘ia & | Charles Rotimi and a team based at Howard U.S. National
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Culture, Sports,
Science and
Technology
China | Changqing Zeng of Beijing Genomics Chinese Ministry
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Beijing Normal University Technology
United Mark Leppert of University of Utah School of | U.S. National
States Medicine Institutes of

Health




International HapMap Project

Participants: HapMap Construction
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researchers can focus their studies on genomic regions to more efficiently find the
particular genetic variants that contribute to the disease.

The HapMap project will begin with sample collection. Research groups will
collect blood samples from a total of 200 to 400 people from four large, geographically
distinct populations. These populations are: the Yorubas in Nigeria; the Japanese; the
Han Chinese; and U.S. residents with ancestry from northemn and western Europe. Except
for the U.S. samples, all of the samples will be newly collected for this project. The U.S.
samples, which already exist, will be used only after the donors provide a new and
specific consent for the HapMap project.

These four populations were selected to include people with ancestry from widely
separate geographic regions. Researchers have found that most human populations share
the common haplotype patterns. Research already suggests that the overall organization
of genetic variation is similar in all four populations, but that there will be enough
differences in haplotype frequencies to justify genome-wide studies of samples from
these populations.

Because populations have similar haplotype patterns, the project will not have to
examine all of the world’s thousands of populations to make the HapMap useful for
studies relating genetic variation to disease in any population. Additional research is
underway to confirm whether the common haplotypes in other populations really will be
found in the four populations being studied for the HapMap. If needed, more populations
could be added to the HapMap to ensure that the map is broadly useful.

The four populations chosen to develop the HapMap initially are neither typical
nor well-defined. None of the populations should be considered representative of all
populations on the same continent. For example, the Yoruba samples studied for the
HapMap are not representative of all Africans, or even of all West Africans.

The purpose of the HapMap and its sampling strategy make this project very
different from the Human Genome Diversity Project (HGDP), an anthropologically
oriented effort proposed more than a decade ago that was designed to learn about human
population history and the biological relationships among human populations. The HGDP
would have studied genetic variation “to see if, for example, the Irish are more closely
related to the Spaniards or to the Swedes,” according to the project’s material. A number
of groups representing indigenous peoples were concerned that the project would exploit
vulnerable individuals and populations. They also objected to the HGDP’s potential
intrusion into cultural beliefs about population origins. Ultimately, and in large measure
because of the criticisms, the HGDP was never carried out.

Unlike the HGDP, the HapMap’s goal is biomedical: to create a resource that can
be used in many future studies of health and disease. In addition, unlike the HGDP,
which would have studied primarily small, isolated populations, the International
HapMap Project will study only large, less vulnerable populations.
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Informed Consent and Privacy

Obtaining meaningful informed consent from people who are donating DNA
samples for the HapMap project raises complex challenges. The international researchers
collecting the samples are devoting considerable effort to figuring out how best to
translate complex information about genetics and haplotypes into language that ordinary
people can understand. Researchers must be sensitive to cultural norms surrounding
decision-making within families and communities, and to beliefs about the relationships
among genetics, kinship and group identity.

All donors will be asked to give consent for their samples to be used not just for
the HapMap itself, but also in many types of future genetic variation studies. Such studies
may examine how genes are regulated, the biology of DNA, how new variations arise and
the genetic history of human groups. Researchers will explain to donors that the benefits
of the HapMap and of other genetic variation research may not become apparent for some
time and that the donors themselves may not directly benefit from participating.

Before obtaining consent from the individual donors, researchers will initiate a process of
community engagement. People in these communities will provide advice about the
informed consent process, as well as how samples from their community will be
collected, described and used. A community advisory group will be established for each
sampled community to serve as liaison between the people in that community and the
repository where the samples will be stored. These groups will monitor future uses of the

samples to make certain that these future uses are consistent with the informed consent
form.

The blood samples used to make the HapMap will be collected without any
medical or personally identifying information about the donors. In a further step to ensure
the complete anonymity of the donors, more samples will be collected than will actually
be used, which means that no one, not even the donors themselves, will ever know for
sure whose samples were used to develop the HapMap.

Genetic Discrimination and Determinism

Because researchers will not collect medical or personally identifying
information, there is virtually no risk that the HapMap itself will lead to discrimination
against any of the individual sample donors. However, in future studies, some genetic
variants will be identified that promote wellness and protect against disease, while other
variants will be identified that increase the risk for particular diseases. When researchers
use the HapMap and find that a disease is associated with a genetic variant that is
common in a particular population, some people may mistakenly generalize that all
individuals in that population have increased risk for the disease or that the population as
a whole is somehow genetically inferior.

Another problem with the interpretation of genetic variation is assuming that
“genetic” means “unchangeable,” and that because someone has a particular genetic
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variant they are “doomed” to get the disease. These incorrect assumptions are called
genetic determinism. Genetic determinism overlooks the strong contributions that
environmental factors make to diseases and that there may be ways to reduce the risk of
getting those diseases. So, even though people may have genetic variants contributing to
their risk of a disease, many of them will never get the disease.

Genetic discrimination and genetic determinism are both potential problems that
can arise from any association study in which researchers relate genetic variation to
disease risk. These potential problems are not unique to studies that will use the HapMap.
Nevertheless, the HapMap consortium intends to make concerted efforts to reduce the
risk of such problems. Among the steps the group plans to take are:

e Educating the public and researchers about what the results of genetic studies in
general, and association studies in particular, mean and do not mean — with the
focus on differences in genetic risk among individuals within a population, not
among populations. An association study compares a haplotype pattern in
individuals with a disease to individuals who do not have the disease to find the
genes directly associated with the condition.

¢ Educating researchers to design their studies and describe their results carefully.
For example, researchers should describe the studied population accurately; they
should also report how much of the risk for a disease can be attributed to genetic
variants and how such variants interact with environmental factors. Where these
matters are not well understood, uncertainty should be acknowledged.

HitHt
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David Bentley DRAFT 10/24/02
THE HAPMAP PROJECT — SNP DISCOVERY

1. Factors affecting SNP requirement

(a) Definition of the problem

We need enough SNPs to detect LD and build the map of common haplotypes in most or
all of the genome. Most studies involving reasonable numbers of DNA samples have
been SNP-limited, and more SNPs are needed. LD varies considerably with physical
distance. Some regions of the genome therefore need a much higher density of SNPs
than others. LD also varies in different populations. More SNPs are likely to be needed
for some populations than others in some regions. Because of the regional and
population variability, the overall average range of LD in the genome is not enough to
establish the criteria we will use to declare each part of the genome done. We therefore
need to make some initial assumptions based on the available data from existing studies,
and to adjust our projections as we go along.

(b) Existing studies (please suggest expansions/amendments)

Jeffreys et al.: Using 1 SNP (m.a.f. > 0.15) on average every 1.2kb, blocks of LD were
obtained spanning 94% of the 216kb region analysed and were separated by short
intervals (1-2kb) where observed present-day recombination occurs.

Johnson et al.: Using 1 SNP (m.a.f. > 0.1) on average approx every 2kb within 9 genes,
similar characterization of common haplotypes observed.

Gabriel et al.: Using 1 SNP (m.a.f. > 0.1) on average every 7.8kb, average LD block size
of 22kb (Caucasians) and 11 kb (Africans) was identified in 51 regions of ~0.25Mb each.
Dawson et al.: Using 1 SNP (m.a.f. > 0.2) on average every 20kb, LD blocks were
detected covering 20% of the chromosome. LD inversely correlated with recombination
frequency.

All studies: Within an LD block, typically up to 5 common haplotypes account for most
of the variation. These can be captured using a subset of haplotype tag SNPs (htSNPs).

(c) Initial assumptions (we can discuss and change these)

That all LD blocks (criteria to be defined) of at least 10kb will be detected in this study.
That blocks have up to 5 common haplotypes (>5%)(although further work on practical
block definition is required)

That 5 SNPs are needed to analyse each 10kb region for LD and characterize blocks.
That 50% of untested candidate SNPs in the map are sufficiently polymorphic for this
study and provide a robust genotyping assay (based on Sanger and Whitehead experience
using Sequenom or Illumina platforms).

That ~10% of the genome may be intractable to the present analysis (e.g. 5% is in recent
duplications).



2. SNPs required

We need to discuss what SNPs are needed to finish the project, and what SNPs are
needed to start the project. Clearly to start now, we need to explore if there are enough
SNPs for the optimal start point (Which will emerge from the strategy discussion) or
whether we are SNP-limited to a start point that is suboptimal strategically.

(a) What do we need to finish the project?

To complete the HapMap to the level defined in the initial assumptions (above), each
10kb window might need up to 10 candidate SNPs in the map, of which 5 would be
sufficiently polymorphic provide data to define the extent of the block and the common
haplotypes within each block (confirmation of this may be required). Fewer SNPs may
be required in some sections of the genome to reach the specified endpoint, if for
example LD is more extensive than the example of Jeffries in the MHC.

~ (b) What do we have to start the project?

The published map has ~2.2M SNPs with unique map position (average 1 SNP per
1.3kb), comprising 1.3M TSC SNPs (average 1 SNP per 2.2kb, randomly distributed) and
1.5M SNPs from overlaps (lumpy distribution - includes some duplication with TSC
SNPs). Re-analysis of the TSC data by Jim Mullikin has resulted in detection of up to
0.4M more ‘TSC’ SNPs (subject to checking and validation). Below is an excerpt of a
table (analysis by Steve Sherry and Sarah Hunt) showing the distribution of these SNPs
in 281,000 adjacent 10kb windows (covering 2.8Gb of the genome). It shows that 76%
of the genome has 2 SNPs in 10kb, whereas only 29% of the genome has 10 SNPs in
10kb. (Note that this analysis illustrates how average SNP density can be misleading; for
example the average density of the random TSC SNPs in 1 SNP per 2.2kb across the
genome, but in this set only 64% of the genome has a local SNP density of 1 SNP / 5kb or
more)”.

SNPs per 10kb window TSC only OVRLP only ALL SNPs

2 or more 64%° 38% 76%
5 or more 24% 28% 53%
10 or more 10% 17% 29%

On this basis, we can choose to start now by selecting for example ~500,000 evenly
spaced SNPs, of which 250,000 (1 SNP per 10kb on average) will provide data. (Sanger
can cite practical experience of this exercise). Progressively less of the genome has
enough SNPs for starting (or follow up) at higher densities, and only 29% of the genome
currently has enough SNPs for optimal analysis according to the initial assumption of 10
SNPs per 10kb.



3. How do we obtain more SNPs?

(a) Strategy

New SNPs may be detected by random or targeted approaches, or a combination of both.
The choice of strategy, or the point to switch from a random to a targeted approach, will
be governed by the cost-benefit ratio, which alters as the project progresses.

Random shotgun sequencing (of whole genomes or individual chromosomes) has the
advantage that it follows established large-scale protocols for data generation and
analysis (as used by TSC). The process is cheap, involving universal primed sequencing
on cloned DNA templates, SNP discovery by alignment of haploid sequence data.
Without targeting, SNPs accumulate all over the genome, both filling in gaps where there
are no SNPs and providing much more choice for the HapMap project in all other areas.

Targeted SNP discovery is more expensive (on a per SNP basis) as it requires more prior
investment (in custom PCRs or pre-mapping clones), and in the case of PCR requires
analysis of diploid sequence trace data, where many SNPs are in heterozygous form. The
effort is targeted to exactly where the SNP is needed but does not contribute any
additional SNPs elsewhere. The present model is based on doing a minimum investment
to identify at least one SNP per assay.

Additional features of random shotgun versus targeted SNP discovery:

Population specificity: More work needs to be done to define the need for SNPs to
determine the HapMap in different populations. SNP discovery may be directed towards
different ethnic groups to balance the SNPs available in the map. A random shotgun
strategy would support the greater choice of SNPs in multiple populations, and double-hit
SNPs (see above) in different populations would identify SNPs which are polymorphic in
multiple populations before assay development.

Long-term considerations: Refinement or extension of the study may be beyond the
scope of the HapMap project as designed, but is a real possibility in the longer term. The
availability of many more SNPs from additional random shotgun would add value to the
SNP map and underpin long term studies.

(b) Cost

A cost modeling exercise carried out to examine this by members of Sanger, Whitehead,
Seattle, GSK and Genaissance, provided the following results. For this discussion, we
assume the endpoint for SNP discovery is to obtain 90% of the genome in 10kb windows
containing 10 SNPs or more. It does not take account of prior LD mapping (see below).
Alternative endpoints, with or without LD mapping, could be built in (for discussion).

The upper part of the table describes the anticipated progression due to shotgun
sequencing alone and is based on a recent chromosome 20 sequencing study at Sanger.



The middle part of the table adds in a PCR-based targeted sequencing component at each
stage to provide the same endpoint by different combinations of the two approaches. The
table shows a reasonably flat minimum point between 2x and 5x shotgun. The lower part
of the table provides a combined cost, new SNP total and average cost per SNP added to
the map. Maximum value is obtained with 4x additional random sequencing and a
limited amount of additional targeting.

New shotgun sequence: 0 Ix 2x 3x 4x 5x 6x
% windows done: 29 36 58 73 82 88 91
Cost @ $1.5 perread (§M) O 6 12 18 24 30 36
0

Minimum new SNPs (M): .1 20 27 33 38 43
New targeted PCRs (M): 1.1 064 034 016 004 0 0
Cost @$50 per region ($M): 55 32 17 8 2 0 0
Minimum new SNPs: 1.1 064 034 016 004 O 0
Combined cost ($M): 55 38 29 26 26 30 36

Total minimum new SNPs: 1.1 1.74 234 286 334 38 43
Average cost per SNP (§): 50 22 124 91 78 79 84

The projected cost may be reduced in a number of ways (for further discussion):

Different start point: More SNPs available free from other sources

Lower operational cost: Cost savings in sequencing etc

Different end point: e.g. less than 90% of the genome at 10 SNPs / 10kb
e.g. 90% of the genome at less than 10 SNPs / 10kb

Use LD hierarchy: avoid sequencing for more SNPs in areas where LD

endpoint is reached. This would benefit from further <—‘

discussion, in conjunction with defining when such an
endpoint is reached.

Other factors which may reduce the cost of the project as a whole include SNPs hit twice
(which accrue as a major product of the random shotgun sequencing option); SNPs with
known allele frequency; SNPs with known working assay. The success rate for assay
conversion of SNPs in any of these categories is likely to be much higher.
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David Altshuler DRAFT 10/22/02

HAPMAP — INITIAL SCIENTIFIC STRATEGY .

Below are listed a set of issues related to scientific design and analysis of the
Hap Map project. In order to launch the project in the near term, we will have to
reach agreement on many of these topics. In some cases (for example, deciding
when we will decide we are done with a region), we have a bit more time before
we need to decide, but will want to map out a process towards reaching
agreement.

Please consider this outline an initial attempt to frame the issues and stimulate
discussion. | ask that each group assign a single individual to respond on behalf
of the group (to limit the email traffic), responding with comments and proposals
related to what is described below, and adding areas that aren’t covered but
perhaps should be. | will synthesize/summarize the responses and send out an
updated version, which will allow us one more round of emails in preparation for
the discussion in Washington next week.

The outline below is based on past discussions with many of you, and was jointly
prepared by our group and the Hopkins group. The format is a brief statement
summarizing a proposed strategy or goal, followed by specific questions and
issues for comment and discussion. There are six topics covered:

1) Overall strategy

2) Criteria for SNP selection

3) Sample selection

4) Quality control and quality assessment

5) Criteria for deciding we have completed a region
6) Data release

HapMap strategy page 1 10/25/02



1) Overall strategy — nearly all discussions have focused on a
hierarchical approach, with three steps: an initial round of genotyping
at a fixed spacing, analysis of LD/haplotypes, and additional rounds of
genotyping to increase density where finishing rules are not yet
reached. Stopping rules are described in #5, below. This strategy is
based on the assessment that it is currently impractical to achieve
more complete genotyping everywhere (for example, typing all
available SNPs, or by complete resequencing) with available
technology and resources. Questions and issues:

a. Does everyone agree that this is the high-level strategic plan?

i. We assume that the group will jointly determine the goals
and strategies, and that each group will apply them uniformly
across the genome. It should not be the case that the
haplotype map does not have a predictable set of
characteristics, or that the HapMap constructed by one of us
would not be equivalent to that prepared by a different group
at a different chromosomal location

b. What is the correct density for the initial spacing of markers?

i. The spacing for an initial round of genotyping should be
based on current estimates of LD in the genome. The goal
should be to capture large blocks first (aiming for an initial
screen with one SNP every 5-20kb) and then analyze the
initial data. We will need to discuss the optimal spacing.

ii. Should we try to set spacing based on genetic distance
(correcting for cM/Mb) rather than physical distance? This
would be unlikely to have a major impact, but all available
data suggest that cM/Mb is correlated with the extent of LD.
It would also require each group to integrate the map data
into their SNP selection rules

iii. We assume that our goal is to cover the entire genome
without bias according to current estimates of where the
most “interesting” places are. That is, we will not bias
coverage towards genes or other annotated regions.

c. It would seem most valuable to the community if we completed and
rapidly released this initial screen across the entire genome before
increasing density in any one region. This is because:

i. We would immediately provide a useful tool for researchers
working in any region

ii. We haven't yet defined stopping rules, and this would give
us a bit of time to establish them.
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2) Criteria for SNP selection — as above, we will agree to a uniform set
of criteria for selecting SNPs for genotyping. The discussion of how to
achieve complete genome-wide coverage of whatever number of
SNPs are needed falls under David Bentley's SNP Discovery topic.

a. The vast majority of SNPs on the public map are discovered by
low-pass resequencing of genomic regions by either the HGP or
the TSC. Some of these have public frequency data provided by
TSC AF project or other large-scale genotyping projects in
academia or industry. The cost of developing assays that are not
useful (either because they fail, or are too rare for our purposes)
will be a major cost driver. On the other hand, we want a uniform
ascertainment procedure for SNPs, because otherwise the map
produced will not have predictable properties (vis-a-vis the true
underlying haplotype structure). A possible strategy for picking
SNPs might include:

Vi.

Prioritizing SNPs discovered by two or more independent
efforts to avoid spending too much money genotyping SNPs
that will be rare or monomorphic. These might include both
alleles being seen more than once in:

1. TSC

2. HGP

3. Allele frequency projects

4. directed resequencing efforts

. If SNPs have known allele frequency characteristics,

choosing a single set of rules for their inclusion
1. frequency >5% in any single population studied?

a. Do we limit this to major continental groups?
Prioritizing SNPs for which a successful genotyping assay
has previously been developed

1. although this may not be predictive for any of our
particular platforms, it at least means that someone
could amplify and confirm the alleles

If none of the criteria are met (and a SNP is needed in the
location), using an unconfirmed SNP from the public map
Avoiding SNP sets that have been shown to have lower
rates of validation or high frequency

Not everyone agrees we should prioritize SNPs — we will
need to discuss the empirical data each group has already
collected to help decide this issue.

b. Do we want to have as a priority to obtain and genotype on the map
(regardless of the distribution of LD) all putative functional SNPs —
those that alter protein-coding regions or fall on regions with strong
interspecies conservation.

HapMap strategy
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i. This requires a comprehensive source of such SNPs based
on targeted resequencing
1. should discuss ongoing projects in Japan, Sanger,
etc.

c. Animportant issue is the prefilters that each group may want/need
to apply to achieve success with their chosen technology platform.
On the one hand, this is obviously a good and important part of
optimal laboratory management. On the other hand, the true cost
of each method includes the fraction of SNPs it can genotype,
because the project is going to have to pay to discover additional
SNPs if some methods are highly restrictive in their SNP selection.

i. We need to compare and collect empirical data about the
fraction and properties of SNPs that can be genotyped.

ii. We cannot reject categories of SNPs lightly (such as those
near repeats), since the total project cost is based on
completion of the map, not the fraction of SNPs successfully
genotyped.
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3) Sample selection — much work has already gone into the collection
of appropriately consented samples for HapMap. Thus, we have
limited flexibility (at least to start). Moreover, our understanding is that
only the CEPH will be complete and consented in 2002.

a. Do we all agree to start genotyping in available samples (CEPH),
repeating all markers (except, if logistically feasible, those that are
pure technical failures) in the additional samples as they become
available?

i. Are there any options whereby we could start with all the
populations sooner? That would certainly be optimal from a
logistical and political point of view.

b. How many people do we genotype in each population? The project
has discussed two scales: 192 samples (total) and 384. This
decision will be driven by economic arguments to a significant
degree, since | think we all agree that more samples is better, if
achievable.

i. How many samples from each group

1. do we balance evenly across all population groups?

ii. Trios or unrelated individuals.

1. trios provide internal genotyping quality checks

2. trios provide phase information

a. whether information is needed depends on the

goals for the project — to define haplotypes in
blocks (regions with low rates of historical
recombination), or across long regions with
little LD (which, to our minds, has little utility or
biological meaning).

3. trios are less efficient. Thus, we should only use them

to the extent that they provide valuable information.

c. How will we evaluate comprehensiveness of a map produced using
solely samples from three or four population samples (one
European in origin, one West African, and another East Asian)?

i. Discuss ongoing projects to more broadly define diversity,
haplotype and LD properties across the globe.

d. Do we want to reserve some samples (even if we can afford them)
for the results of such studies, or assume that any additional
genotyping that might be required will be paid for by another
mechanism?
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4) Genotyping quality control and ongoing assessment — it is
obviously critical that the map have uniform quality and performance.
Given our diversity of technology platforms, this requires ongoing
efforts to demonstrate quality with both internal and external validation.

a. It will be critical to demonstrate the characteristics of SNPs that can
be successfully genotyped by each method, since any platform-
specific filtering procedures will bias the SNPs on the map (for one
region relative to another). For this reason, we propose that the
initial phase of SNP genotyping be performed under a uniform set
of SNP selection rules, with each group attempting to genotype
these SNPs in their laboratories. This will allow us to inform users
as to the effect of platform and group on the properties of the map.

i. An initial set of SNPs will be selected by a uniform procedure
and served to each group by a Data Coordinating Center
(DCC). These SNPs will be genotyped in each laboratory
and results deposited in the DCC.

b. Internal quality control should be provided either by use of trios
(see above, which allows estimates of error rates) or by duplicate
genotyping of a small fraction (56%?) of individual samples.

c. External quality control should be evaluated by having the DCC
routinely select a modest collection of SNP genotypes deposited by
each group (1%?) and having them duplicated by at least two other
groups using different platforms. These quality control activities
should continue throughout the project to evaluate quality in an
ongoing manner (since methods and personnel will certainly be in
flux throughout the project.

d. These QC/QA activities should be entirely public, with data from
each summarize and released by the DCC.

i. All categories of data (not designed, failed assay,
monorphic, genotypes) should be deposited
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5) Deciding when we’re done with a region — this is clearly the most
complex and least well defined aspect of the project. Our goal is fairly
clear: to develop a resource of haplotype-based association studies
that provides as much power and completeness as is practical given
the resources and methods available. A number of concrete
implementations can be discussed:

a. Defining haplotype “blocks” as regions over which there is little
history of recombination among the common alleles represented in
the population. Such regions have the property that measures of
LD are fairly constant with distance, and that the diversity of
common haplotypes is low. If we select this as our goal, we will
want to define and uniformly apply methods that

i. Are strongly predictive that a region defined as “block”
behaves as such if a greater density of genotyping (up to
complete resequencing) is acheived

ii. Have sufficient number of markers that haplotype diversity
is largely captured

iii. support the selection of comprehensive “tag” SNPs that have
a supra-threshold correlation coefficient (%) to a fraction of
all SNPs in the region

b. Our recent paper (Gabriel et al) proposed one such set of methods,
although much more work would be needed. Many other groups
have developed independent or updated versions of these
methods. We need to agree on a process to evaluate and compare
methods and to decide which ones will be applied to guide the
construction of the map.

i. What other proposed end-points should we discuss?

c. What will be our gold standard to evaluate the performance of
whatever metrics are selected

i. Ideally would have regions that are oversampled (perhaps
by complete resequencing) to define performance across all
variants in a region
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6) Data release — we presume that our collective data release policy will
be to release all raw data in as rapid as is practical and result in data
that is freely available and unencumbered by any intellectual property
restrictions. As it is not clear if the details of this policy fall under the
current document’s scope, we will not provide any detailed proposals.
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sassigned to each group prior to the meeting. (Lisa or Francis,
>could you let me know?)

>

sChromosomes that were proposed by two groups are

sChromosome 6 ; UK, BCM

>Chromosome 12; Illumina, BCM

sChromosome X; Illumina, UCSF/WashU

sChromosome 8p; MIT, China

>

>Chromosocme 4; none

>

sWe need to discuss to solve this issue in the meeting and hope you
>to compromise for establishment of the good international
spartnership.

>

>Yusuke Nakamura,M.D.,Ph.D.
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Swe Dy
Collins, Francis (NIH/NHGRI)

From:
Sent:
To:

Cc:

SNP Discovery ATT25362.txt
Pre3.doc

Dear All,

Here is a draft document on SNP discovery to stimulate discussion both
before (by email) and at the meeting. This document includes excerpts of
information taken from several extensive analyses carried out by multiple
laboratories, some stretching back a number of months. In the interests of
clarity they are kept short and there may be insufficient explanation in
some places. I would like to ask for one responder per group to take
responsibility for emailing feedback before the meeting.

Many thanks to all contributors to the recent and earlier discussions.
Best wishes

David B.
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Collins, Francis (NIH/NHGRI)

From:
Sent:
To:

Subject:

e JIN
L

AgendaOct02Meeti
ng.doc

apMap agenda question

Attached is the current (slightly revised) HapMap meeting agenda.

Steve Sherry will discuss information on SNPs, such as number and distribution, as well as say that

dbSNP will accept haplotypes. Would it make sense to have Steve talk (30 minutes) before David
discusses strategy?

David, Is there any additional information that Steve should present?

| have asked Yusuke whether he needs all of the 45 minutes to discuss chromosome allocations.

Thanks, Lisa.

Lisa D. Brooks, Ph.D.
Program Director

Genetic Variation Program
Computational Genomics Program







Collins, Francis (NIH/NHGRI)

From:

China is proliferating HapMap groups!
We already knew about Shanghai.

From C. Zeng:

We would like to put ~{!0~}The China HapMap Consortium~{!1~} in addition to BGIl. The consortium has been
established for the purpose of coordinating efforts by member groups in order to guarantee full
accomplishment of the project. Henry is the coordinator and my institute will take full responsibility for the 10 %
contribution by China. Also, there will be more groups, such as Hong Kong group, to join this consortium and
contribute to the HapMap.

Prof. Qiang Bogin from the North Center, another group which would join
the HapMap, may not be able to attend the meeting.

Thanks, Lisa.

Lisa D. Brooks, Ph.D.
Program Director









