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The Human Genome Diversity Project (HGDP) began in 1991 as an initiative to study genetic variation from human populations worldwide.
In 2002, the HGDP reported the HGDP-CEPH Human Genome Diversity Cell Line Panel, a global panel of 1064 cell lines that is maintained
atthe Centre d'Etude du Polymorphisme Humain (CEPH) and that has served as a major resource fundamental to the last 25 years of pro-
gress in human population genetics. HGDP-CEPH data have been central to research on topics such as human genetic diversity, human
population structure, human migrations, the development of population-genetic statistics and software, and the potential value of inclu-
sion of diverse sets of human populations in biomedical research. In this article, two researchers who participated in early analyses of gen-
otypes from the HGDP-CEPH panel in the early 2000s speak with three researchers who played key roles in developing the Human
Genome Diversity Project from its origin in 1991. The conversation reflects on the successes and challenges of the effort to launch the

HGDP and on its scientific contributions.
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Introduction

Anyone seeking to understand the last 25 years of progress in hu-
man evolutionary genetics will quickly encounter findings ob-
tained with the HGDP-CEPH Human Genome Diversity Cell Line
Panel (see Appendix). Since 2002, this resource has been indis-
pensable in studies of human genetic diversity, human evolution-
ary history, population structure, and the geographic distribution
of genetic variation. It has been the basis for assessments of global
patterns in numerous genes and in genetic marker sets of numer-
ous types. It regularly supplies the data for developing and testing
population-genetic statistics and software. Its data have helped
motivate the importance of diverse worldwide populations in hu-
man biomedical genetics. It has inspired many new forms of visu-
alization of the complexity of patterns of genetic variation. Its
samples underlie various subsequent panels and data sets, and
they have even been referenced in a Nobel Prize.

When the first genetic data emerged from the HGDP-CEPH pa-
nel beginning in 2002, we were among the junior scientists tasked
with performing the early data analyses. One of us (N.A.R.) was a
recent PhD graduate of Marc Feldman's laboratory with a research
focus on statistical analysis of population-genetic data; the other
(S.R.) was a Feldman Lab undergraduate, soon to be continuing in
the lab as a PhD student.

Aswe understood during our trainingin the Feldman lab, the idea
of an organized project for global sampling and analysis of human
genome diversity had been proposed in 1991 by a team headed by

Marc’'s close colleague, distinguished geneticist L. Luca
Cavalli-Sforza, shortly after the official launch of the Human
Genome Project in 1990. Although it was broadly supported by hu-
man population geneticists and by some anthropologists, the effort
that came to be known as the Human Genome Diversity Project
(HGDP) had attracted criticism, notably from activists, indigenous
groups, bioethicists, and other anthropologists, and it never secured
significant government funding. Nevertheless, dozens of research-
ers used funds from their own labs to create a unique collective re-
source, contributing to a lymphoblastoid cell line repository that
would be made available for human population genetics research
and data generation as genomic technologies advanced in the com-
ing decades. The Centre d'Etude du Polymorphisme Humain (CEPH)
provided crucial support for the project, agreeing to host the 1064
celllines and to distribute DNA samples from the cells. Later, the re-
source became known as the “HGDP-CEPH Human Genome
Diversity Cell Line Panel.”

During our scientific training and our early years as independ-
ent researchers, we experienced the early heyday of research ac-
tivity based on the HGDP-CEPH Human Genome Diversity Cell
Line Panel, beginning in 2002. At the time that it was introduced,
the HGDP-CEPH panel was a rare human population-genetic re-
source that included many global regions, with multiple popula-
tions within regions, and it quickly became a touchstone to
address questions of human evolutionary genetics, population-
genetic theory, and statistical methods in population genetics
more generally (summarized in the Appendix).
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Having been too early in our careers to have followed the begin-
ning of the HGDP in real time, we had limited knowledge of the de-
liberations and challenges of its early years, when the project was
proposed and then scaled back from the original vision. We had,
however, heard hints that the early events of the project had
more dimensions than typical brief recountings of the project
would suggest. Curious about the events that led to the develop-
ment of an important resource for the field (and for our own
research programs), we approached three leaders of the HGDP—
Marc Feldman, Hank Greely, and Mary-Claire King—about the
possibility of an oral history interview. In preparation for the inter-
view, we examined the voluminous documents generated by the
early years of the HGDP: among them, meeting reports and other
writings from investigators working on the project, contemporan-
eous news articles, advocacy documents against the project, and
scholarship in bioethics and science studies covering the project
and the issues it raised. For synthetic accounts written from a var-
iety of perspectives, see the news series by Salopek (1997a,b) that
received a Pulitzer Prize for explanatory journalism, a bioethics
discussion paper by Resnik (1999) and its 20 responses in Politics
in the Life Sciences, a book-length treatment in the social studies
of science by Reardon (2005) as well as an earlier article by
Reardon (2001), a project-adjacent ethnography of human genetic
diversity science by M'Charek (2005), perspectives from within the
project by Greely (2001) and Cavalli-Sforza (2005), and the
Cavalli-Sforza biography by Stone and Lurquin (2005); many add-
itional documents are referenced from the endnotes in our
Supplementary Material.

In the development of the HGDP, Marc, Hank, Mary-Claire, and
the rest of the HGDP team were early in facing questions that we
can now see as intrinsic to the field of human population genetics
to this day. What does it mean to try to sample the world’s human
genetic diversity? What are the proper roles of individuals and po-
pulations in the design and analysis of human population-genetic
studies? What are appropriate ways for researchers to interact
with study subjects beyond formal regulatory requirements?
What special considerations are important in genetic research in-
volving indigenous populations? What is the role of human popu-
lation genetics in contributing to biomedical advances? What
types of responses from scientists and scientific institutions are
appropriate when they are challenged in ways that do not follow
the norms of scientific debate? These questions still resonate; as
Hank said to us in relation to such topics, “no good problems
ever get solved.” Marc, Hank, and Mary-Claire have long been re-
nowned in the human population genetics field for their human-
istic perspective and attention to ethical conduct of research;
their efforts, and the successes, challenges, and approaches in
the HGDP history more broadly, can serve as a case example
through which today’s human population geneticists can engage
with difficult questions that they are likely to encounter. For the
historical record of the HGDP, it is important to hear key project
researchers reflect on it in their own words.

LastJuly, we sat down with Marc, Hank, and Mary-Claire on the
Stanford campus to consider the long span of the HGDP, from the
original ambitious effort beginning in 1991 to the report of the
cell line panel in 2002 to the applications of the panel in subse-
quent decades and the lessons of the efforts to the launch the
project—their thoughts about its early years, its contribution to
science, and how they see the project now.

Our wide-ranging conversation traversed many of the central
questions that the HGDP faced. The conversation also linked early
events of the HGDP to the 1990s era in which they took place—for
example, the science funding environment during the Clinton

administration, and the elevated attention given at the time to
the patenting of biological materials. The rapid rise in electronic
communication was a backdrop to the period, facilitating the
HGDP’s international collaboration via email with coordinator
Jean Doble at Stanford; however, it was also portentously noted
in one news article (Taubes 1995) critical of HGDP’s persistent an-
tagonist, the activist group RAFI (Rural Advancement Foundation
International), that the emerging internet could be used not only
for rapid communication among scientists, but also for rapid dis-
semination of misinformation about their activities.

The early history of the HGDP has often been viewed through
the lens of the interactions between the scientific world and indi-
genous populations and activists, and a reader examining the
early HGDP documents in 2025 may well be taken aback by the
statements that set the criticism of the project in motion, namely
the project’s references to vanishing populations and disappear-
ing languages. In our conversation, Marc, Hank, and Mary-Claire
argued that the HGDP—together with the criticisms it received—
ultimately served to advance values that the project had originally
sought to promote, such as inclusion of diverse populations, in-
cluding indigenous populations, and respect for those popula-
tions, in human genetic studies.

A modern reader will also notice in early HGDP documents sci-
entific statements that foreshadowed much of the agenda of sub-
sequent research in human population genetics. For us, therefore,
a poignant and previously underappreciated thread in the conver-
sation was a sense in which Marc, Hank, and Mary-Claire viewed
the fate of HGDP not solely in terms of interactions between scien-
tists and indigenous populations, but also in terms of its unsuc-
cessful effort to gain funding support from the National Center
for Human Genome Research (NCHGR), later to become the
National Human Genome Research Institute (NHGRI), which
was running the Human Genome Project (HGP). The HGDP thus
also serves as a case study for issues of the dynamics of the fund-
ing of science, the interaction between major projects developed
by self-organized groups of scientists and those organized central-
ly by funders, and the relationship of basic research—in this case
on human evolutionary history—to science that possesses an ex-
plicitly biomedical motivation.

One of the main events in the story of the federally funded HGP
was the intense rivalry it experienced with Craig Venter and
Celera Genomics when Venter duplicated the genome sequencing
project with a parallel effort. However, when NHGRI, rather than
supporting the genetic variation project that was already being
developed by many of the leading population geneticists, designed
its own separate major project on genetic variation, eventually to
become the International Haplotype Map Project, it acted toward
the HGDP in the same manner that had caused NHGRI such con-
sternation when Craig Venter and Celera sought to supersede the
HGP. Notably, although the HGDP was widely known at the time,
the first call from NHGRI for a major study of human DNA vari-
ation did not acknowledge it (Collins et al. 1997).

Unlike Venter's genome project, HGDP was entirely non-
commercial, and when NIH funds did not materialize, the scaled-
down version of HGDP in the form of the HGDP-CEPH collabor-
ation proceeded as a self-organized community project with con-
tributions from many investigators, in contrast to funder-driven
initiatives such as the HapMap project, 1000 Genomes Project,
and Human Pangenome Project. The HGDP follows a pattern
seen in studies of business innovation, in which the first effort
to propose an idea can face the first-mover difficulties of uncover-
ing the challenges inherent in the enterprise—but then serves to
facilitate subsequent efforts (e.g. Lieberman and Montgomery
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Table 1. Selected events in the history of the Human Genome Diversity Project.

Date Event

1991 News story by Roberts (1991) describes the upcoming article of Cavalli-Sforza et al. (1991) (1991 June 21)

1991 Letter to the editor by Weiss (1991) in response to Roberts (1991) expresses interest by an NSF program officer in the ideas proposed by
Cavalli-Sforza et al. (1991) (1991 September 27)

1991 Publication by Cavalli-Sforza, Wilson, Cantor, Cook-Deegan, and King (Cavalli-Sforza et al. 1991) proposes a human genome diversity
project (1991 October)

1992 NSF grant of $178,178 to Stanford University begins, on “Human Genome Diversity” (1992 May 15)

1992 Workshop 1 on Human Genome Diversity is held at Stanford University (1992 July 16-18); of an estimated 5000 populations on the basis
of distinct languages, a sample of 400 populations and 25 individuals per population is proposed

1992 Workshop 2 on Human Genome Diversity is held at Pennsylvania State University (1992 October 29-31)

1993 Workshop 3 on Human Genome Diversity is held at the National Institutes of Health campus (1993 February 16-18)

1993 HGDP hearing is held before the Committee on Governmental Affairs, United States Senate (1993 April 26)

1993 Workshop 4 on Human Genome Diversity is held at Alghero, Italy (1993 September 9-12)

1993 WCIP meeting is attended by Hank Greely in Quetzaltenango, Guatemala (1993 December 6-10)

1994 MacArthur Foundation grant of $170,000 is given to Stanford University, “to support the work of the Human Genome Diversity Project’s
ethics committee and the development of a communications plan”

1996 First International Conference on DNA Sampling & Human Genetic Research: Ethical, Legal and Policy Aspects takes place in Montreal,
with chapters by Greely (1997) and Cavalli-Sforza (1997) in the proceedings (Knoppers et al. 1997) (1996 September 6-8)

1997 A National Research Council report on human genome diversity viewed by the HGDP as conditionally favorable provides

recommendations for how HGDP can proceed (Committee on Human Genome Diversity 1997), but news stories differ on its

conclusions (Mcllwain 1997; Pennisi 1997) and lead to correspondence and clarifications (Cavalli-Sforza et al. 1997; Schull 1997, 1998)

(1997 October)

1997 The model ethical protocol is published (North American Regional Committee of the Human Genome Diversity Project 1997)
1998 Cann (1998) discusses the plan to maintain HGDP cell lines at CEPH (1998 June)
2002 Cann et al. (2002) report the availability of DNA from 1064 HGDP cell lines (2002 April 12)

Key sources include Greely (2001), Cavalli-Sforza (2005), Reardon (2005), and Stone and Lurquin (2005). Scientific findings after Cann et al. (2002) are discussed in the

Appendix. Additional documentation appears in the Supplementary Information.

1988). The conversation revealed to us the sense of importance
Marc, Hank, and Mary-Claire felt for the pioneering role of the pro-
ject, their pride in the results that were achieved and the values
that were advanced, and their admiration and respect for the col-
leagues who participated in the project, especially Luca.

An edited version of the conversation follows. A timeline of se-
lected major events in the early history of the HGDP appears in
Table 1. Other events mentioned in the conversation appear in
Table 2.

The beginning of the HGDP

Ramachandran: Let’s start with your involvement in the HGDP.
The project begins with discussions among a small group of scien-
tists, including Allan Wilson and Luca Cavalli-Sforza, in the late
1980s. We'd love to hear how you first became involved with the
project that became the Human Genome Diversity Project.

Feldman: Luca was always interested in migration. He figured
that when the Human Genome Project was going to be a reality, it
would give a very good opportunity to study ancient migrations—
to try to get as much data as he could from as many populations
as he could, to study how the current population-genetic configur-
ation of the world came about. As soon as it became obvious there
was going to be a Human Genome Project, it was clear to Luca that
that was missing a lot of the point—that you needed this other
thing, too. Luca and [ were meeting 3 to 4 nights a week for 35 years.
He asked me to be involved because he thought that there would be
great scope for modeling and data analysis when it eventuated.

King: It's a good guess that Luca had not thought about this
idea for more than two minutes before he presented it to Marc.

In the late 1960s and early 1970s, I was a graduate student of
Allan Wilson in Berkeley. My first introduction to genetics had
been Curt Stern’s course the last time he taughtit, in 1967, before
his retirement. I just loved it. As soon as he began speaking about
population genetics, of course Luca’s work was his focus. My dis-
sertation project with Allan was evolutionary biology: the unex-
pected molecular similarity of human and chimpanzees.

By the mid-1980s, when I had my own lab in Berkeley, it was
clear that restriction fragment length polymorphisms were going
to revolutionize our capacity to work with human variation. I was
still asking advice from Allan, and he suggested that I talk to Luca
about coming to Stanford to learn “true population genetics.” So, I
asked Luca if I could do an informal short sabbatical in his lab. He
was extremely kind and said yes.

To Marc’s point, he and Luca soon spoke with Allan about
sampling people from all parts of the world. Iwasn’t present for their
first conversations, but Allan and I talked a lot about the idea just
after. He thought it was good but wondered about the design.

Greely: I was on the planning committee for a 3-day sympo-
sium Stanford put on about the then-new Human Genome
Project. It was January of ‘91. The planning committee was chaired
by Paul Berg, and it included Lucy Shapiro and David Botstein.
They wanted a law professor. They told my dean, and since I
was the only one at the law school who knew how to spell DNA,
I was volunteered for it. I loved the planning committee. It was
so much fun to see both Paul and especially Lucy constantly teas-
ing David, and David’s responses. I just enjoyed the people.

Until the Clinton Health Plan crashed and burned in ‘94, I still
thought I was a health policy person. We ended up deciding that
I would give a talk on health insurance and the implications of
genetics for health insurance.

The talk was well received. It actually ultimately became a
chapter in the Lee Hood/Dan Kevles Code of Codes book [Kevles
and Hood (1992)]. Luca was introducing everybody on that panel,
and he introduced me. I can’t remember now the Latinate term he
had for it, but as he was reading where I've been and gone, which
really wasn't that many places, he decided Imust have the genetic
trait of nomadism, as part of his humorous introduction.

Well, I enjoyed the talk. In the summer of ‘92 Marc and Luca in-
vited me to lunch. It was at the Faculty Club, to ask some ques-
tions about this project they were doing. I said I thought it
sounded really interesting, and that is when I first got pulled in.

Rosenberg: Let’s talk about the early arguments for why it was
important to do a genome diversity project, and how these
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Table 2. Timeline of non-HGDP events that indirectly relate to the conversation.

Date

Event

1938 Luca Cavalli-Sforza enrolls at the University of Turin as a medical student, later transferring to the University of Pavia

1948 Cavalli-Sforza goes to Cambridge to study with R. A. Fisher

1958 The Nobel Prize in Physiology or Medicine is awarded to Joshua Lederberg, along with George Beadle and Edward Tatum

1970 Curt Stern retires from the University of California, Berkeley

1971 Cavalli-Sforza joins the faculty of the Stanford Department of Genetics, having been recruited by Joshua Lederberg; Marc Feldman also
joins the Stanford faculty (in the Department of Biological Sciences)

1972 Richard Lewontin publishes “The apportionment of human diversity” (Lewontin 1972)

1974 Ruth Kirschstein becomes Director of the National Institute for General Medical Sciences (until 1993)

1976 John Moore’s spleen is removed at the University of California, Los Angeles

1980 The paper of Botstein et al. (1980) leads to intense interest in restriction fragment length polymorphisms (RFLPs)

1980 The Nobel Prize in Physiology or Medicine is awarded to Jean Dausset, along with Baruj Benacerraf and George Snell

1984 Mary-Claire King begins working with the Abuelas de Plaza de Mayo in Argentina to use genetics to link disappeared children with their

grandparents and other relatives

1987 Cann et al. (1987) study the most recent common ancestor of 147 mitochondrial genomes, the so-called “mitochondrial Eve”
1988 Judith Greenberg becomes Director of the Division of Genetics and Developmental Biology at the National Institute for General Medical

Sciences (until 2015)

1990 Mary-Claire King’s lab demonstrates existence of a gene for early-onset breast cancer (Hall et al. 1990)

1990 The California Supreme Court rules that John Moore does not have rights to profits from the tissues removed from his body
1991 Stanford holds a Centennial Symposium on the Human Genome Project (January 11-13)

1991 Bernardine Healy becomes Director of the National Institutes of Health (1991 April 9 to 1993 June 30)

1991 Allan Wilson (1934-1991) dies of leukemia (1991 July 21)

1993  Francis Collins becomes Director of the National Center for Human Genome Research, which later becomes the National Human

Genome Research Institute (1993 April 4 until 2008 August 1)

1994 Cavalli-Sforza et al. (1994) publish The History and Geography of Human Genes

1994 The legislation known as the “Clinton health care plan” fails to pass the United States Congress

1994 Myriad Genetics applies for patent protection for discovery of breast cancer genes

1995 A patentis awarded to the Department of Health and Human Services based on a cell line from the Hagahai population
1997 Collins et al. (1997) propose a major study of human genetic variation distinct from the HGDP

1998 Craig Venter announces a plan to compete with the Human Genome Project in sequencing the human genome

2000 The draft sequence of the human genome is reported

2002 The International Haplotype Map Project is launched as the project descended from the paper of Collins et al. (1997)
2018 Luca Cavalli-Sforza (1922-2018) dies after having retired to Italy in 2008 (2018 August 31)
2022 The Nobel Prize in Physiology or Medicine is awarded to Svante Paabo, referencing the HGDP Melanesians and Papuans in the prize

description documents

Additional documentation appears in the Supplementary Information.

thoughts coalesced in an article in Genomics in 1991 [Cavalli-Sforza
etal. (1991)].

King: Because we are not one genome! The evolutionary per-
spective on all of life requires that we recognize extraordinary di-
versity and the forces of evolution that are behind it.

My recollection is that Victor McKusick invited us to write a
commentary for Genomics on this idea of a worldwide human vari-
ation project, with Luca and Allan as authors. They had not writ-
ten together previously, and you can’t imagine two more different
people as the major contributors to our field. They were both pro-
gressive—but differently so. Allan was very left-wing, grew up on
a New Zealand farm, and maintained a Bohemian kind of lifestyle
his entire life. Luca, of course, had a very different background: ur-
ban and European. They were never close friends, but had huge
respect for each other.

My goal was to help Allan and Luca to work together on this
commentary. Also part of the story was Charles Cantor at the
Department of Energy, which had a lot of capacity for sequencing.
Charles was very interested in the project from the technical point
of view: could one actually apply sequencing to the kinds of num-
bers of samples that Luca envisioned? It seemed important to
bring DOE sequencing capacity to bear, and Charles was com-
pletely open to that. Another interested person was bioethicist
Bob Cook-Deegan. The idea was to put some ideas down on paper
so that the new genomics community would recognize its
importance.

Rosenberg: We would like to know more about the interactions
between Allan and Luca. In the lore of the project, there’s a fair
amount of weight placed on the somewhat competing visions of

how to do the sampling, whether population-based sampling in
Luca’s view or a more geographic-based sampling in Allan’s.

King: Allan thought in terms of sequence, which meant that
every individual offered a data set, with the metric being numbers
of DNA base pair differences between individuals. This was a dif-
ferent perspective than calculating allele frequencies and com-
paring frequencies between population clusters. Both
perspectives are legitimate, but different.

Luca and Marc were thinking about sampling strategies. Allan
felt strongly that the best way to sample was to represent the
geography of the planet, so to sample either one or a very small
number of people from as many different geographic regions as
possible, always sampling people who had a depth of ancestry
in that region. Luca thought of clusters of people defined by lan-
guage groups, because he was thinking of allele frequencies.
Allan was thinking of sequence.

Rosenberg: That’s an interesting tension in the field that con-
tinues into the 21st century.

Looking back 35 years at what was most significant in human
population genetics at the time, there’s Mitochondrial Eve from
Allan’s group [Cann et al. (1987)], with this individual sequence-
based perspective, and then there’s Luca’s more population-based
book on history and geography of human genes [Cavalli-Sforza
etal. (1994)).

Feldman: I think it's really important to emphasize that
Luca was very influenced by linguistics. We would sit
there with the Ethnologue, that big volume [Grimes (1992)].
And that’s where this number 5,000 populations that you see
in the first report of the project came from, because there
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were approximately 5,000 languages in the Ethnologue at that
time.

King: Allan realized that he was ill only seven months before he
died [of leukemia in July 1991]. He was thinking about this project
all the time. It's what we talked about in my last visit with him.
With his death, his “grid sampling” idea faded in the presence of
the strong, coherent vision of Luca and Marc. Most of all, I think
everyone felt that the main thing was to get it going...

Feldman: And also to utilize the resources that were already
available that had been collected. I wanted to mention one other
thing that was relevant to Luca’s beginning there: the paper that
[Richard] Lewontin did in 1972. Luca loved that paper, the one
on apportionment of human diversity [Lewontin (1972)]. Luca
was an analysis-of-variance person. That really was his cultural
legacy from his time with [Sir Ronald] Fisher.

The planning workshops

Rosenberg: Let’s talk about what happened after the 1991
Genomics article. The article attracted some attention, including
a news story in Science [Roberts (1991)] and a letter to the editor
from Mark Weiss, a program officer at the National Science
Foundation [Weiss (1991)]. Mark Weiss’s interest led to a proposal
to NSF to run a series of workshops to develop the idea for a gen-
ome diversity project into a more concrete scientific project, and
this proposal is funded for $178,178. We are wondering if you
have any specific recollections from the workshops in 1992 and
1993 to develop the project.

Feldman: My recollection is at the first meeting at Stanford, we
spent a huge amount of time talking about statistics and about
sampling sizes. And I remember walking down what is now the
pathway near Bytes Cafe, with [Joe] Felsenstein and Luca, and
really going hammer and tongs on how many people you would
need to sample.

At the second meeting, we talked about trying to write a pro-
posal that would involve actually getting the samples. And the
need to get people like Hank involved. How consents might be in-
corporated from tribes or peoples that had not had that sort of
thing historically. Where the samples could go... people got
down to the nitty gritty.

King: My memory is that the idea of community consent was
real from the very beginning.

Greely: The third meeting was probably the first time I met any-
body from NIH. Memories are flooding back, I've eaten the little
madeleine. It was a really interesting and intense day, and I left
thinking, “This is even more complicated than I thought it was
going to be.”

Rosenberg: The project is estimating that it hopes to obtain $25
million, and there are program officers from NSF, NIH, and DOE at
the meetings. We'd like to understand how the future funding
plan for HGDP was developing.

Feldman: Irene Eckstrand from NIGMS [National Institute for
General Medical Sciences] was really very nice. She was a card-
carrying population geneticist, and when she became a program
officer for genetics, a lot of what she saw was population genetics.
I ended up chairing the genetics study section and had a lot to do
with Irene, who was so sympathetic, and tried to move up the nar-
rative and the conversation to Judith Greenberg [Director of
NIGMS Division of Genetics and Developmental Biology] and the
bosses.

King: Ruth Kirschstein [Director of NIGMS] was incredibly sup-
portive of me and of my breast cancer work. She listened to her in-
vestigators and to her staff, young or established, and regardless

of fields. When she heard about the HGDP from Irene, even though
it wasn't her field at all, she believed in Irene’s view of it.

Feldman: Mark Weiss at NSF was sympathetic, but NSF had
pennies. NIH would have to be involved somehow.

A Senate hearing

Rosenberg: We'd like to talk about an interesting moment in the
early development of the project, a hearing that took place at
the US Senate Committee on Governmental Affairs on April 26,
1993. By this point, three planning workshops had already taken
place, using the NSF funding. The most recent one was held at
NIH in February of 1993 and had a significant presence of program
officers, and a lot of discussion of ethical challenges such as sam-
ple collection, cell line management, how DNA would get distrib-
uted, databasing, and human subjects protections.

The Senate hearing was one of the first significant moments
where the project was having a public conversation, beyond the
scientific community. Luca and Mary-Claire represented the pro-
ject at the hearing, and Francis Collins, who had just been ap-
pointed Director of the National Center for Human Genome
Research (NCHGR), later the National Human Genome Research
Institute (NHGRI), also testified.

Mary-Claire, your testimony spoke to the importance of the
project, both the human evolution and biomedical dimensions,
and you also mentioned your work using genetics to connect dis-
appeared children in Argentina to their grandmothers, the
Abuelas de Plaza de Mayo. Tell us about preparing for the hearing.

King: I felt that my assignment was to humanize the project
and to link it to medical research; to clarify that we were not an
island off in a sea of theory, and that human diversity was a
good use of the new technology, just as medical research was.
Judith Greenberg said to me (I'm paraphrasing here): you need
to get this right... make sure that the connections between the
Human Genome Diversity Project and Human Genome Project
and biomedical research all make sense. I took her advice
seriously.

Rosenberg: In retrospect, this hearing also appears to be the
first moment when it looks like HGDP will have difficulty with
funding from NIH. Is that your sense, looking at the transcript
now?

Feldman: [examining the transcript] I think it’s interesting,
[Francis| Collins in his oral testimony raises more doubts about
the informed consent than in his written testimony submitted
in advance, and in particular, “will the Third World feel
exploited?”

The points that he makes in person raise the difficulties that
we’d already discussed. If you're going to sell something to the
Senate, then you might not raise all the difficulties that the people
who are doing the project already raised.

Greely: He was clearly for the Human Genome Project. That was
the baby he was trying to protect. This was, as he notes, his first
Congressional hearing as Director. He had just become Director
a couple of weeks earlier in April.

During the Q&A in this transcript, you've got Collins saying he
supports the Diversity Project, there are really interesting goals in
common, but “it would be difficult for the Genome Project to ex-
pand its umbrella to take on other more diverse efforts, like the
Diversity Project, without expanding its funding.” So he was al-
ready clearly distancing.

King: Bear in mind levels of funding at NIH in that year. This
was early in the Clinton administration. NIH funding was going
nowhere but up.
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Ramachandran: Mary-Claire, at this time, you're in an incred-
ible period of professional success after your major finding of link-
age to an early-onset breast cancer gene in 1990 [Hall et al. (1990)].
It's interesting to us that of all things you could be doing in human
genetics at this time—you're working on identifying the breast
cancer gene to which you had found linkage, your work on genetic
identification of missing children is getting international atten-
tion, you'd been considered by NIH Director Bernardine Healy to
direct the National Center for Human Genome Research and the
Human Genome Project—you're at this Senate hearing devoting
a large part of your energy to HGDP. What was drawing you to
HGDP?

King: It was the way to integrate evolution with human genet-
ics, using technology that was coming online very, very fast. It
seemed to me that biomedical questions and human diversity
and evolution questions were absolutely integrable. We were say-
ing, in effect, that people from populations that you all have never
visited are just as important to understanding health and disease
as the people whose DNA will be the first [human genome]
sequence.

Funding challenges: HGDP and the Human
Genome Project

Rosenberg: Let’s discuss the difficulty in developing a partnership
with NIH. NSF had funded the workshops in 1992. Do you under-
stand why it was not possible to obtain funding for HGDP from
NIH?

Feldman: I got the impression that as far as NIH was con-
cerned, the natural place where money would come from for
this was out of the Human Genome Project, which was so heavily
funded. And even though we stressed that HGDP would be a drop
in the bucket, there was going to be opposition.

King: The Human Genome Project from the beginning had an
ELSI [Ethical, Legal, and Social Issues] component. I had one of
the first ELSI grants for my project with the Abuelas.

Greely: The Human Genome Project was the greatest boost to
bioethics ever, because it poured a fair amount of money into it,
and yes, there were plenty of interesting issues. But there weren’t
that many issues.

King: If I think cynically and in retrospect, I'd say that the HGDP
was a safe target for people with Human Genome Project ELSI
money to attack, because there was no defense of HGDP from
their funders.

Greely: It was not in their self-interest to work on Human
Genome Project issues in any critical way.

Feldman: [ would've said we were pretty naive. We thought
that if you could resolve the questions, then it would be a piece
of cake to get money.

King: We thought of ourselves as contributing a critical evolu-
tionary component of the Human Genome Project and not being a
problem to anyone. We were simply doing something that was
meaningful and useful to do.

Rosenberg: Let’s talk about that. Throughout the decade-long
effort to fund the HGDP, project members are saying that some-
thing like the HGDP will eventually need to happen. For example,
anthropologist John Moore tells the Chicago Tribune in 1997 “What
people don’t realize is that the research will continue with or with-
out the project. With the project we can address sensitive issues in
an organized way. Without it, the scattershot collecting goes on.”

The “something like the HGDP” is telegraphed in 1997, when a
paper in Science from NHGRI by Collins, Guyer & Chakravarti calls
for a major study of genomic variation [Collins et al. (1997)]. This

paper does not mention HGDP or cite the 1991 call by
Cavalli-Sforza et al. for a major study of genomic variation. Do
you remember the paper?

King: Sure. We'd been thrown under the bus by then.

Feldman: [ saw and I thought these guys had woken up. I
thought it was a change from being practically opposed to study-
ing variation, but now, studying variation was kosher.

Rosenberg: That 1997 paper is the beginning of what eventual-
ly becomes the International Haplotype Map Project. Were there
any researchers who worked on the HapMap project who had
been involved in the conversations on HGDP?

King: I could be wrong, but I think there are no overlaps.

Interactions of HGDP with indigenous
populations and activists

Ramachandran: Let's talk about the HGDP and indigenous
groups. Is there anyone who was particularly memorable in trying
to build relationships with indigenous populations?

Greely: John Moore was an outsized character, both physically
and every other respect. He was an anthropologist and expert on
the Cheyenne. He had a book about the Cheyenne that I bought
and read. When he started with us, he was at the University of
Oklahoma, but he shortly thereafter moved to the University of
Florida. He was a big personality, quite a storyteller, and he was
a fascinating guy to listen to. He hosted a meeting on the HGDP
at Florida at some point [and] had very good connections with
some of the tribal nations.

Catherine Twinn was on the North American committee of
HGDP and very supportive. Her husband was the leader of the
[Sawridge] Cree of Slave Lake, Alberta, which was one of the
most economically successful First Nations in Canada. I hear
from her every 5 years or so. Just a lovely person. We went to a
meeting of indigenous peoples in Wisconsin, it was the day
when, while we were driving to this place way out in the mosquito-
laden lakes of Wisconsin, the slow-motion helicopter followed
O.]. Simpson.

Rosenberg: Let’s discuss the criticisms from activists that arose
in spite of these relationships that the project was building. Tell us
how the public criticism of the project emerged, what it entailed,
and what the initial reactions were within the project.

Greely: I don't remember how RAFI got involved, Rural
Advancement Foundation International. I do think this is one of
those sad, sad stories. At the Penn State meeting that I wasn't
at, in October 1992, there was discussion about, how are we going
to pick what populations we should sample. The report of that
meeting had the reasonable idea that you should make sure
that we sample the ones that are disappearing, and called them
“isolates of historical interest,” IHIs. The acronym ended up get-
ting used, and RAFI picked that up, and said [paraphrasing] “we
are not merely of historical interest. We are alive and kicking.
This is bioimperialism, biocolonialism,” et cetera.

And of course none of that had been intended, but it got played
that way. And RAFI started a form of criticism. They got to the
World Council of Indigenous Peoples, which did invite us to
come down to their meeting in Quetzaltenango, Guatemala, that
was December of “93. The same time, we're beginning to have
some interest from ethics groups: the HUGO [Human Genome
Organisation] ethics committee, the UNESCO [United Nations
Educational, Scientific and Cultural Organization] ethics commit-
tee. It's becoming a topic of discussion among people who are
doing ELSI work.

Rosenberg: Tell us about the Guatemala meeting.
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Greely: The WCIP, the World Council of Indigenous Peoples,
was heavily oriented toward the Andean Cordillera. So there
were lots of representatives from Colombia, Peru, Ecuador, and
Bolivia. Ken Weiss, who had done work in Central America and
was fluentin Spanish, he and I were supposed to go there together,
and just before we're supposed to go, he canceled. So I ended up
flying to Guatemala City alone, renting a car, driving to
Quetzaltenango with basically no Spanish, being accused of being
a CIA agent. But you know, somebody ultimately said “well, you're
really very pleasant for a CIA agent.” It was a daunting experience.
The WCIP decided we were the “vampire project” and evil, despite
my disclaiming the CIA role.

Rosenberg: The patent environment of the time seems import-
ant. It seems like the 1990s is a time of heightened concern about
patenting biological material. Some populations are worried
about commercial exploitation of their DNA. The Human
Genome Project has a lot of patent worries. There’s the Myriad pa-
tent on BRCA1 in that period.

Greely: If you asked people about geneticists exploiting people
financially, John Moore’s spleen was the first thing that came up.
This is a different John Moore, I interviewed him.

John Moore was a guy who was working on the Trans-Alaskan
pipeline system. He got sick. He was lucky enough to have a doctor
in Alaska who recognized that he had an unusual leukemia called
hairy cell leukemia.

His dad was a physician in the San Gabriel Valley, and his dad
did some research on good clinicians for his son. He said, son,
there are three people in the world who are the world's experts
on hairy cell leukemia. One’s in London, one’s in Chicago, and
one’s here at UCLA.

So he went to UCLA, where he was treated by Dr. David Golde,
who was very interested and was publishing on hairy cell leuke-
mia. What kind of cell becomes malignant in hairy cell leukemia?
They didn’t know. So he’s doing research on the cell types. He's
published something saying, they're B cells, which they are.

He does the research on Moore. The canonical story has him
taking the spleen out, although he’s an oncologist and not a sur-
geon. The best evidence is that the spleen weighed about 6 kg, al-
though both Moore and Golde remembered it being closer to 20
pounds.

So they weren'’t taking the spleen outin order to do research on
it. They were taking it out, because if that sucker popped—a nor-
mal spleen should be less than about a half pound—so if that pops
and spills into the peritoneal cavity, bad stuff happens.

Dr. Golde gets a cell line going. UCLA gets a patent. Golde sends
the cell line to Robert Gallo, who'’s big on viral-induced tumors. He
discovers the world’s second known human retrovirus in this cell
line, HTLV-2. He later tries to name the third known human
retrovirus HTLV-3, but it ended up getting named HIV instead.
The cell line becomes a big deal, and the National Cancer
Institute sends people to research Moore and his family. Golde
takes a lot more biological samples from Moore, who wonders
what’s going on. Golde tries to get him to sign another consent.
Moore gets suspicious, calls a lawyer, brings a lawsuit. The
California Supreme Court in 1990 says, no, those cell lines are
not your property.

That is the first big “who owns your genes, who owns your
cells,” story. The canonical version of it is all about “bioscientists
are stealing from people.” So you begin to see “bioimperialism”
come up.

Rosenberg: We see references to several incidents involving pa-
tents and cell lines in the 1990s. There was one incident about
New Guinea?

Greely: The Hagahai, a New Guinean tribe. That's the one that
really pissed me off because I had long conversations with people
at RAFI about how we had nothing to do with it. We knew nothing
aboutit, and, in fact, the poor American anthropologist, she’d got-
ten NIH to patent the cell line derived from the Hagahai because it
had a variant of the HTLV-1virus. In order to protect any rights the
Hagahai had, she wanted to make sure that NIH would have a pa-
tent—so if it ever got used, NIH had agreed to give the royalties to
the Hagahai. Well, she got hung out to dry as a bioimperialist.

I explained the HGDP had nothing to do with it, and RAFI still
put out a press release that said, you know, the “vampire project”
strikes again, blaming us for the Hagahai situation.

Rosenberg: We're wondering about any reflections during the
time of the criticism from the activists, on the issue of who repre-
sents indigenous populations in regard to participation in
research.

Greely: One thing that made it relatively easy for the HGDP
North American Committee was the indigenous peoples we
were mainly concerned about were native peoples of the
Americas, and in both the United States and Canada, there were
recognized governments for most, but not all of those. So one pos-
ition we took was, tribal government is a necessary part of the
group consent.

Soit’s like a state. And so you'd have to get their approval. But
we also said that there will be situations where there may be trad-
itional leadership groups. And I think this really came from [an-
thropologist] John Moore, groups of elders or others who are not
officially the government, but are recognized within the popula-
tion as leaders, and in that case you would need to get their con-
sent as well.

I actually liked a lot of the indigenous people I talked to who
were strongly opposed to the project. The attacks from indigenous
peoples, from people who think they represent indigenous peo-
ples, I was fine with, as long as I thought they were in good faith,
which I didn’t think about RAFI. But then there was the NIH. It was
the undercutting from within science—that was the second front.
So we were attacked on two fronts, and one of them was under-
standable, and one of them was just plain frustrating and never
exactly overt.

Model ethical protocol

Rosenberg: The project received a grant from the MacArthur
Foundation for $170,000 in 1994 to support an ethics component
to the project, which helped lead to the “model ethical protocol”
for collecting samples. Was the MacArthur Foundation ap-
proached because there was not really an obvious government
source at that time?

King: The MacArthur Foundation was very positive to us. I re-
member Luca being pleased with them. They felt that some com-
bination of NSF/NIH ought to take on the biological part of the
project, and that their role was to help us resolve the difficulties
we were having with RAFI and RAFI-like operations.

Rosenberg: The model ethical protocol is the most significant
published product of the HGDP until the cell lines in 2002. Tell
us about the philosophy of group consent in the model ethical
protocol.

Greely: So there are really 2 levels. Part of the ethics level is: the
object of the study is not persons A, B, and C. The object of the
study is this entity called the Dene Nation, or the Old Order
Amish, or whatever it is. And in a sense, it affects everybody
who's part of that. It affects that entity. The entity is made up of
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people. Those people should, as a collective group, be able to
consent.

That’s the ethics argument for it. There is also made with either
greater or lesser, or sometimes no, outward acknowledgement,
the political argument for it. A project becomes a lot easier if
you say we're not going to take samples from people who don’t
want to be sampled. We're not going to take samples from groups
that have said they don’t want to be sampled.

Rosenberg: What kind of reactions did the argument for group
consent receive?

Greely: I'm arguing for this novel group consent argument, that
both individual and group consent were necessary. And I've got
RAFI and others attacking it as biocolonialism. But there were
also a fair number of people involved in the project who thought
it was too restrictive, and were attacking it with the view that indi-
viduals should each be able to make their own choice, and group
consent is too limiting. The HGDP International Committee never
adopted group consent. Group consent was only adopted by the
North American Committee, which ended up doing zero collect-
ing, so it never actually got implemented. HapMap was not going
to be group consent. It was going to be “group consultation,” what-
ever that meant. But I was feeling attacked on both sides.

King: But you were amazing! And here you are to tell the tale.
One thing that has struck me ever since is that in biomedical re-
search, we do not require consent from a patient’s family to test
that patient’s genotype. We don't require consent from siblings
or cousins or uncles or aunts. And yet, in terms of group consent,
the family is the most intimate level of group. Our group consent
went far beyond the conventions of medical genetics.

Greely: [ had a law student write a nice paper for this because
she was an identical twin: should you only do genetic testing on a
twin with the consent of the other identical twin.

Rosenberg: What's been your experience of people contacting
you about the model ethical protocol, and your sense of the legacy
of this document?

Greely: In retrospect, it's a shame that it’s in a law review, be-
cause the world of science doesn't know anything about these
things, and it’s not indexed in PubMed. I do think that it has not
had as much influence as it should, but it does get referred to
from time to time.

A good thing that’s happened: there’s a lot more involvement of
native peoples and native governments in doing this kind of re-
search. I think part of the HGDP’s experience and the model eth-
ical protocol played a small role. But it's played a role in the
increasing involvement of people from studied communities in
the studies.

No good problems ever get solved. But I do think that there is
more sensitivity. Was the model ethical protocol part of a wave?
And that's why I think it had some influence? Or did it have an in-
dependent influence? I don’t know. Butitis one of the things in my
career I am proudest of.

King: The model ethical protocol was a significant achieve-
ment. It is useful in general, not only useful for the HGDP.

Hosting the cell lines at CEPH

Rosenberg: At some point, in 1996, Jean Dausset, the Nobel laure-
ate for his work on HLA [Human Leukocyte Antigen], who is lo-
cated in Paris at CEPH, the Centre d’Etude du Polymorphisme
Humain, expresses an interest in hosting HGDP cell lines. A plan
to host cell lines at CEPH is clear by the time of a 1998 article by
Howard Cann from CEPH [Cann (1998)], and Howard leads the
2002 Science article announcing the availability of DNA from the

cell lines [Cann et al. (2002)]. Do you know why CEPH came to be
the host of choice for the cell lines?

King: In order to enable matching by HLA type for organ trans-
plants, Dr. Dausset organized an international collaboration for
HLA genetics and tissue typing. This collaboration was truly inter-
national, with labs from everywhere. Every lab was given the same
panel of antigens, with contributions of fresh blood from all parts
of the world, white cells processed in Paris, and antigens distribu-
ted to laboratories worldwide. As patients everywhere needed or-
gan transplants, and as organs became available, it was the
responsibility of the local lab to type the white cells of the donor
or the recipient with the antigens of this panel and report back.
A roster of results was kept in Paris.

Everybody met every year or so to discuss how this worked. The
meetings were attended by technicians, transplant physicians, pa-
tients and their families. Dr. Dausset presided in a very gentle way,
and was extremely good at pulling together people across conti-
nents, across social class, across professions with a common goal.

So, it made sense that he would take on hosting the HGDP. He
was not afraid of complexity, either scientific or logistical.

Feldman: Howard Cann had been professor of pediatrics and
genetics at Stanford, and he ran the chromosome testing lab.
Howard had been a faculty member at Stanford and then moved
to CEPH. So he was a link between Stanford and Paris. He became
quite important to the success of putting all of the cell lines
together.

Achievements of the HGDP in relation
to its funding

[Authors’ note: at this point in the conversation, we reviewed with Marc,
Hank, and Mary-Claire a preliminary version of a bibliography of scientif-
ic contributions produced by the HGDP-CEPH panel. We omit that portion
of the conversation and invite readers to examine this bibliography, lo-
cated in the Appendix.]

Rosenberg: We searched for government grants to HGDP.
There was the $178,178 in 1992 from the NSF Physical
Anthropology panel, with program officer Mark Weiss, to hold
the four meetings in 1992 and 1993. We found a memorandum
of agreement that stated that as part of that NSF grant, $38,000
was transferred from NCHGR to NSF, and some of the NSF grant
might also have arrived from NIGMS or DOE. In 1996, the
Physical Anthropology panel put out a call for pilot grants related
to the HGDP, and eight of those were funded in 1997 (Table 3).
These are largely single-investigator grants, including one to
Hank, totaling about $700,000. Is that all that was funded by the
federal government in the name of the Human Genome
Diversity Project?

Greely: It got less than a million dollars.

Ramachandran: Over a million if we add the MacArthur
money. From the federal government, less than a million, mostly
from NSF Physical Anthropology, no grants from NIH.

Greely: Taken on a per dollar basis, it’s much more effective
than the HGP. Sticking in my head is the idea that we thought,
you know, 5 million dollars a year for 5 years, we could do this.
At a time when the Human Genome Project was already talking
billions of dollars.

King: The Human Genome Project had more money than god...
[ mean, think of the lost opportunity. If they had seized on the
HGDP, it would have been such a rich addition. Think of how
much more we could have learned.

Greely: $25 million would have been just one tenth of one per-
cent of the Human Genome Project.
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Table 3. National Science Foundation grants related to the Human Genome Diversity Project, totaling $887,701.

Principal
Title investigator Institution Co-PI Dates Amount
Human Genome Diversity® Marcus The Leland Stanford L. Luca Cavalli-Sforza, 05/15/1992—- $178,178
Feldman Junior University Kenneth Weiss, 04/30/1997
Mary-Claire King,
Kenneth Kidd

Pilot HGDP: Post-Collection and International Henry Greely The Leland Stanford 04/15/1997-  $36,000
Ethical and Legal Issues in the Proposed Junior University 12/27/1999
Human Genome Diversity Project

Pilot HGDP: Cross-Cultural Issues in Genetic Thomas University of Oklahoma Morris Foster 04/15/1997-  $110,000
Research with Plains Apaches: A Pilot Study Carter Health Sciences 03/31/2000
for the Human Genome Diversity Project Center

Pilot HGDP: Banking, Sequencing, and Kenneth Pennsylvania State Deborah Nickerson, 04/15/1997-  $81,400
Haplotyping of Archival Human DNA Samples ~ Weiss University Andrew Clark 03/31/2000

Pilot HGDP: Developing Genetic Markers Pui-Yan Washington University 04/15/1997-  $107,685
Informative in all Populations Kwok School of Medicine 03/31/2000

Pilot HGDP: Efficient Recovery of Useful Markers: Glenys University of 05/01/1997-  $124,123
Application for use in the Human Genome Thomson California, Berkeley 10/31/1999
Diversity Project

Pilot HGDP: Assessment of High-Throughput Mark Shriver Allegheny University of Robert Ferrell, 05/01/1997-  $87,598
Assays for the PCR based Genotyping of the Health Sciences Ranjan Deka 04/30/2000
Classical Polymorphic Systems”

Pilot HGDP: Contribution of Alu repeats to Mark Batzer Louisiana State 09/01/1997-  $54,999
Human Genomic Diversity University Health 08/31/1999

Sciences Center

Pilot HGDP: Optimization of DNA Analysis in Lynn Jorde University of Utah Michael Bamshad 09/15/1997- $107,718

Nontraditional Settings 02/28/2001

In addition, a grant for $170,000 from the MacArthur Foundation was given to Stanford University in 1994 “To support the work of the Human Genome Diversity Project’s

ethics committee and the development of a communications plan.”

2$38,000 of this grant was transferred to NSF from the National Center for Human Genome Research, the predecessor of the National Human Genome Research

Institute.
A portion of this grant was transferred when the PI moved institutions.

Working with Luca

Ramachandran: One of the really impressive things about the
project is how hard everybody worked on it, given all the chal-
lenges, and despite no significant funding for so long, and the criti-
cism that you were fielding. What made it so important to keep
persisting?

Greely: Not letting the team down. We were committed to the
ideas, but also to each other.

King: It didn’t feel like working hard. We had a charming
leader.

Ramachandran: It does seem like everybody working together
on HGDP in the early years really enjoyed working together.

King: No question. I mean, who wouldn't? Going to one of these
meetings, we would have conversations about history and linguis-
tics and anthropology and geography and genetics and evolution
and migration. It was like opening a gift box from nature.

Greely: It was an entrée into a bunch of different worlds. I've al-
ways had academic attention deficit and hyperactivity disorder.
To be around smart people who know a whole bunch of things
that I don’t know anything about? That was heaven.

Feldman: People were united in their respect for Luca. Because
if there had ever been a Renaissance man, it was Luca. My wife
and I went to Japan with him. We got a guide, and he took us
into remote parts of Japan... Luca knew much more than the
guide. We took a trip with him to Taiwan, same thing happened.
[ was unbelievably privileged to be around him.

Greely: And always so charming, and such a great personal
presence, and an ability to make you feel at ease, just one of the
most remarkable people I've ever met.

King: Luca had the capacity to see the best in people. I think you
could drop Luca anywhere on the planet, and he would soon make
friends.

Greely: Even though he was clearly a man from a different cen-
tury almost. Such a different background and culture, so dated in
some ways that I think, for some people who didn’t get to know
him, was off-putting... he was a person from Italy before World
War Il

Feldman: [t’s interesting how he dropped out of school. He ha-
ted high school, and he studied at home. Then he got admitted to
university. But he knew more coming out of high school than most
undergraduates.

King: I heard stories from his time as a medical student. It was
in the middle of the war, and you could be picked up by “recrui-
ters” and forced into the army. It was more dangerous after
Mussolini was ousted, because the Germans took over the coun-
try. Students stayed in different houses on different nights. The
recruiters did not come directly into the medical schools (because
medical students were legally exempt), so they could still attend
class, but they would arrive by riding their bicycles on off-roads
so that they wouldn’t be caught on the way to or from the
university.

Feldman: He hated the practice of medicine. After he finished
in medical school, he was in a hospital for a little while. He hated
it, and that’s why he really preferred doing bacterial genetics. He
was really a brilliant bacterial geneticist, I think he should have
shared the Nobel Prize with [Joshua] Lederberg for sex in bacteria.

The thing one has to understand about Luca’s modus
operandi is that he never wanted to work on what other people
were working on. If you look at the sequence of stuff that he did,
he initiated so many different things that other people started to
learn about.

Greely: It's interesting, you want to talk about the history of the
HGDP, and instead, we keep talking about Luca. That says some-
thing about what held the HGDP together.
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Table 4. Original questions that the report of the first HGDP workshop proposed in 1992 that the project would address.

Three notable HGDP-CEPH studies whose analyses

Number Question(s) relate to the question

1 What are the frequencies of various genes in different populations? Rosenberg et al. (2003b), Li et al. (2008), and
Pickrell et al. (2009)

2 What are the heterozygosities or diversity within and among populations? Prugnolle et al. (2005), Ramachandran et al.
(2005), and DeGiorgio and Rosenberg (2009)

3 What special phenotypes, such as diseases, characterize certain populations, Myles et al. (2008), Ding and Kullo (2011), and
and are these correlated with genes for genotypes? Berg and Coop (2014)

4 How do within- and among-population statistics compare? Whatis the variation Li et al. (2008), Rosenberg (2011), and Liu et al.
among various human populations? (2023)

5 Whatis the history of human population size? Were there bottlenecks or sudden Ramachandran et al. (2005), Liu et al. (2006), and
expansions? DeGiorgio et al. (2009)

6 What is the history of population subdivision? Rosenberg et al. (2005), Pickrell and Pritchard

(2012), and Grundler et al. (2025)

7 What is the relative importance of random drift and selection? [What is] the Ramachandran et al. (2005), Hofer et al. (2009),
importance of selection for structural or regulatory genes? and Carja et al. (2017)

8 What is the evolutionary relationship of humans to other primates? Green et al. (2010), Reich et al. (2010), and

Bergstrom et al. (2020)

9 Is there spatial patterning among populations? Are populations that are Rosenberg et al. (2002), Lawson Handley et al.
geographically close together more closely related? What are the correlations (2007), and Coop et al. (2009)
of genotype and distance? Are there geographical clines, and if so, why?

10 How is disease susceptibility distributed in and among populations? What Myles et al. (2008), Berg and Coop (2014), and
accounts for important genotype-phenotype relationships and for Blair and Feldman (2015)
genotype-by-environment interactions within and among populations?

11 What are the relationships among genetic, cultural, linguistic, and ecological Hancock et al. (2008), Coop et al. (2010), and
variables? Creanza et al. (2015)

12 How do mutation and recombination rates vary among populations and among Conrad et al. (2006), Pemberton et al. (2009), and
loci? Bergstrom et al. (2020)

13 How much linkage disequilibrium is there in the population, and is it caused by  Jakobsson et al. (2008), Li et al. (2008), and Bosch

stratification or by epistasis?

et al. (2009)

We include in question 8 ancient genomics analyses with Neanderthal and Denisova samples.

Rosenberg: We remember Luca as a very optimistic,
forward-looking person. How did he experience the criticism of the
HGDP?

Feldman: He never dwelled on it. I think one of the things thatI
find interesting in retrospect is we were more fazed by this oppos-
ition than Luca was.

Greely: Atthe meeting about DNA sampling held in Montreal, in
‘96, there was a demonstration against the project. Well, the con-
ference provided a bodyguard for Luca, a middle-aged Quebecois,
he’d been a professional boxer. Luca thought this was very funny.

King: It was very helpful to me to be around someone so cap-
able of rising above a vicious personal attack. You learn from peo-
ple like that.

Greely: He did take the bodyguard though.

Rosenberg: What do you think was Luca’s favorite work to
emerge from the HGDP?

Feldman: He was always interested in migration. You can see
that from his theoretical work on gene surfing. He was always
drawn back to Fisher’s work, his work on Neolithic spread of farm-
ing [Ammerman and Cavalli-Sforza (1979)], he phrased it in terms
of Fisher’s wave of advance from the 1937 paper [Fisher (1937)].
The big book on human genetics is really a book about migration
of humans. After he switched from bacterial genetics to asking
questions about humans, he did his first data collection on the par-
ishrecordsinItaly. That work continued until the Princeton mono-
graph on consanguinity [Cavalli-Sforza et al. (2004)]. He was also a
great admirer of the Kimura-Weiss papers on stepping-stone mi-
gration [Kimura and Weiss (1964); Weiss and Kimura (1965)]. He
liked our 2002 paper [Rosenberg et al. (2002)], he expressed admir-
ation for it. Thinking about Luca’s predilection with migration, I
think Sohini’s paper on migration [Ramachandran et al. (2005)]—
the rate of decline of heterozygosity out of Africa to the Americas—
I think that for Luca, that was the most delicious finding.

Coda

Rosenberg: In an obituary for Luca in the Stanford Report, Jonathan
Pritchard said, “HGDP was a huge contribution. It was really one of
the first projects to create a comprehensive view of worldwide
genetic diversity. Since then many large international projects
have built on that idea recapitulating aspects of HGDP. But the
fundamental idea came from Luca.”

Because the HGDP-CEPH panel had so many more populations
than, for example, the HapMap Project, the HGDP-CEPH panel has
had the function of providing data that can be used to test hypoth-
eses about the value of diversity in genomic data sets. Lately, the
human genomics field has moved toward advocating for diversity
in genomic samples. However, the connection is not always made
that the HGDP was early to this idea. What are your thoughts
about this aspect of the HGDP’s legacy?

Greely: Ultimately, what's important is the field is coming
around to the positions that we think are good positions.
Whether HGDP gets credit for it or not doesn’t matter. It'd be
nice, but it doesn’t matter.

King: The best possible credit is to be so taken for granted
you're not even mentioned any more. In the long run, diversity
will be at the basis of the way we think about people. A respect
for populations of all ancestries was what defined the Human
Genome Diversity Project.

Greely: And causation is almost always unknowable. Did HGDP
contribute to the current greater recognition of these issues? I
think it did. Can I prove that? No. But can I take pride in what
we did that at least pointed in the right direction? Yeah.

Rosenberg: You've all had many successes throughout your ca-
reers. This project occupied a lot of everyone’s energy over a sig-
nificant period. How do you think about HGDP in the totality of
the work you've done?
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Greely: It set my career. I'd found my field. And what a field it
turned out to be, I call it “law and biosciences,” butit’s the intersec-
tion of society and bioscience. And I've worked on genetics, on
neuroscience, on stem-cell research, on assisted reproduction, on
a whole bunch of different stuff that isn’t necessarily connected.
But what started it was the HGDP. The HGDP had success, but was
notas successful as we had hoped. But for me personally, it did really
determine the rest of my career, for which I'm very grateful.

King: It solidified for me the importance of incorporating evolu-
tionary thinking into biomedical research.

Feldman: For me, it was a continuation of things that I'd been
involved with with Luca for years. Among the reasons why it re-
mains a very high point is because of you guys [to Noah and
Sohini]. It really enabled students to make significant contribu-
tions. I mean, it was so fruitful. So fruitful.

[ have a paper that we're about to submit on parallels between
genetic variation and linguistic variation. Whenever you talk
about that kind of thing, you're thinking about the things that
Luca was thinking about 40 years ago.

Ramachandran: What do you wish researchers entering the
field today knew about the project?

Feldman:Ireally think youhavetolook atitasa partofa tradition
that probably began with Lewontin (1972), Cavalli's papers with
Bowcock [Bowcock et al. (1991, 1994)] and Barbujani [Barbujani
et al. (1997)], then our papers [Rosenberg et al. (2002, 2005);
Ramachandran et al. (2005); Li et al. (2008)]. I think it’s a straight
line through. And the conclusions about within-population versus
between-population apportionment of human diversity just keep
getting stronger. It seems to me to be important to teach that histor-
ical continuity.

Greely: And I'd like them to know about the ethical and political
difficulties we faced and the progress we made trying to—not
solve them, these are problems that never get solved—but to man-
age them in a better way. Mainly involving respect for the people
whose heritage you're looking at.

King: It was a good project. We did it well. We had a great time,
and the cell lines and the data and the science are still there.

Data availability

The study contains no data. Explanatory notes appear in
supplemental material.
Supplemental material is available at GENETICS online.
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Appendix. Partial bibliography of the
scientific contributions of HGDP

The first HGDP workshop report in 1992 had listed 13 specific
questions for the proposed research agenda of the HGDP, a sort
of “Hilbert problems” list for the field of human population genet-
ics. Table 4 lists these questions, along with notable studies that,
from 2002 onward, addressed them with data from the
HGDP-CEPH panel.

More generally, since the announcement by Cann et al. (2002)
of the assembly of the HGDP-CEPH cell lines, applications of the
lines and associated genetic data have been numerous.
Cavalli-Sforza (2005) summarized the early contributions (2002-
2005), and Aneli et al. (2022) provided a more recent retrospective.
Applications of the HGDP-CEPH panel often cite one or more of the
main studies that included, as a substantial component, the dis-
semination of genetic resources focused on the panel (Cann
et al. 2002; Rosenberg et al. 2002, 2005; Ramachandran et al.
2005; Rosenberg 2006; Jakobsson et al. 2008; Li et al. 2008;
Pickrell et al. 2009; Bergstrom et al. 2020). HGDP-CEPH genotypes
and sequences have also been gathered in subsequent resources
that aggregated data from multiple sources (Xing et al. 2010;
Pemberton et al. 2013; Mallick et al. 2016; Koenig et al. 2024).
Because studies that have made use of the aggregated resources
have not necessarily referred to the original sources that were
combined, references to the HGDP-CEPH panel itself are often ab-
sent in applications that rest on it; the HGDP-CEPH panel has, in
effect, been stitched into the fabric of the field of human popula-
tion genetics; in Mary-Claire’s phrase, it is “so taken for granted”
that it is “not even mentioned any more.”

Of the thousands of scientific articles that have relied directly
on the HGDP-CEPH panel, many fall into the following six broad
areas. Our bibliography of contributions based on the
HGDP-CEPH panel is far from exhaustive; we focus here on the
use of the panel for scientific advances in the spirit of the research
fields that produced it, centered around human population
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genetics, and also including adjacent areas of human evolution,
biomedically oriented human genetics, and the broader science
of population genetics.

1. Human evolution, population-genetic structure, and demo-
graphic processes. Data based on the HGDP-CEPH panel have
been prominently used for analyses of human evolutionary his-
tory, population structure, and the geographic distribution of gen-
etic variation. Topics of genetic diversity, the partition of genetic
variation, population structure, and bottlenecks, migrations,
and range expansions have been a focus, both for many of the
studies most directly associated with the panel (Rosenberg et al.
2002, 2005; Ramachandran et al. 2005; Jakobsson et al. 2008; Li
et al. 2008; Bergstrom et al. 2020), as well as for many others
that use it (Excoffier and Hamilton 2003; Rosenberg et al. 2003a;
Zhivotovsky et al. 2003; Serre and Padbo 2004; Liu et al. 2006;
DeGiorgio et al. 2009; Ramachandran and Rosenberg 2011;
Lawson et al. 2012; Wang et al. 2012; Jay et al. 2013; Hellenthal
etal. 2014 ; Hunley et al. 2016), including several notable recent ar-
ticles (Wohns et al. 2022; Hu et al. 2023; Cousins et al. 2025;
Grundler et al. 2025).

HGDP-CEPH genome-wide data have been used to analyze sig-
natures in features that vary spatially along the genome, includ-
ing haplotype and linkage disequilibrium patterns, runs of
homozygosity, and identity-by-descent sharing (Jakobsson et al.
2008; Li et al. 2008; Bosch et al. 2009; Kirin et al. 2010;
Leutenegger et al. 2011; Henn et al. 2012; Lawson et al. 2012;
Pemberton et al. 2012; Szpiech et al. 2013; Pemberton and
Rosenberg 2014; Prates et al. 2023). Studies using the
HGDP-CEPH panel rode a wave of evaluations of the phenomenon
of “allele surfing,” where an allele rises to a high frequency at the
leading edge of an expanding population, examining the
population-genetic effects of expansions that take place through
sequential founder effects (Ramachandran et al. 2005; DeGiorgio
et al. 2009, 2011; Hofer et al. 2009). Some of the contributions
from studies of population structure and demographic history ap-
pear in the conversation with Marc, Hank, and Mary-Claire, in-
cluding updates to Lewontin's apportionment of human
diversity (Rosenberg et al. 2002; Li et al. 2008), and Marc’s com-
ment of the “delicious finding” of the decline of heterozygosity
outward from Africa (Ramachandran et al. 2005; see also
Prugnolle et al. 2005).

2. Ancestry for specific samples. HGDP-CEPH data often serve
as a backdrop for population-genetic studies of new samples.
Studies have combined HGDP-CEPH data with populations from
around the world, including African populations (Tishkoff et al.
2009; Henn et al. 2011; Schlebusch et al. 2012), Native
Americans (Wang et al. 2007; Reich et al. 2012; Verdu et al.
2017), populations from India (Rosenberg et al. 2006; Moorjani
et al. 2013; Basu et al. 2016; Kerdoncuff et al. 2025),
Australasians and Pacific Islanders (Friedlaender et al. 2008;
Rasmussen et al. 2011; Bergstrom et al. 2017), and admixed groups
of the Americas (Wangetal. 2008; Bryc et al. 2010; Moreno-Estrada
et al. 2013).

One form of study in this class has used the HGDP-CEPH panel
to assist in understanding genetic ancestry in biomedical samples
(Xu et al. 2009; Zakharia et al. 2009; Manichaikul et al. 2012;
Thornton and Bermejo 2014; Berardinelli et al. 2022; Wendt
etal. 2023); another uses it to assess relationships of ancient sam-
ples to modern populations (Green et al. 2010; Raghavan et al.
2015; Sumer et al. 2025). Aneli et al. (2022) noted the importance
of an HGDP-CEPH Papuan individual in an early assessment of
the relationship of the original Denisova Cave ancient sample to
extant human populations (Reich et al. 2010); indeed, the

HGDP-CEPH Melanesian and Papuan data of Li et al. (2008) were
mentioned in the description of the Nobel Prize later awarded to
Svante Paabo for his work with ancient DNA.

3. Geographic patterns in different types of loci and at specific
loci. The HGDP-CEPH panel has been used to study genotypes and
geographic patterns in many types of loci. In addition to microsa-
tellites (Rosenberg et al. 2002, 2005; Ramachandran et al. 2005)
and single-nucleotide polymorphisms (Jakobsson et al. 2008; Li
et al. 2008; Lopez Herraez et al. 2009; Patterson et al. 2012), exam-
ples include Alu insertions (Wildschutte et al. 2015), forensic loci
(Santos 2015; Algee-Hewitt et al. 2016), KIR immunologic loci
(Hollenbach et al. 2012), LINE-1 retrotransposons (Beck et al.
2010), nonsense SNPs (Yngvadottir et al. 2009), short insertion-
deletion polymorphisms (Rosenberg et al. 2005;
Bastos-Rodrigues et al. 2006), and structural variants (Jakobsson
et al. 2008; Itsara et al. 2009; Almarri et al. 2020), as well as mito-
chondrial DNA (Balloux et al. 2009) and X- and Y-chromosomal
loci (Macpherson et al. 2004; Ramachandran et al. 2004, 2008;
Shi et al. 2010; Poznik et al. 2013).

While establishing genomic patterns, the panel has also con-
tributed data for understanding the global distribution of vari-
ation at particular places in the genome. Examples have focused
on specific genes or loci (Thompson et al. 2004; Ferrer-Admetlla
et al. 2009; Eisenberg et al. 2010; Ross et al. 2010;
Huerta-Sanchezetal. 2014) in an approach facilitated by a general
tool for examining SNP allele frequencies in the data (Pickrell et al.
2009). In one example that combines the population-genetic em-
phasis of the HGDP-CEPH panel with its value for studying individ-
ual loci, a microsatellite locus whose distinctive distribution was
first noticed in the HGDP-CEPH Native Americans (Zhivotovsky
et al. 2003) was later used to understand migration in the
Americas (Schroeder et al. 2007, 2009).

4. Population-genetic statistics, theory, and software. In ap-
plications that extend to population genetics in general, beyond
human population genetics, properties of population-genetic sta-
tistics have been illustrated in examples with HGDP-CEPH data.
Examples have considered mathematical and statistical features
of genetic diversity statistics (Rosenberg and Jakobsson 2008;
DeGiorgio et al. 2010; Aw and Rosenberg 2018), genetic differenti-
ation statistics (Mountain and Ramakrishnan 2005; Jakobsson
etal. 2013; Mehta et al. 2019; Liu et al. 2023), ancestry information
content (Rosenberg et al. 2003b; Rosenberg 2005), and linkage dis-
equilibrium (Rosenberg and Blum 2007; Edge et al. 2017). The data
have also provided the basis for observations of new population-
genetic patterns—for example, that private microsatellite alleles
often lie at the extremes of the allele-size distribution—as well
as the basis for testing theory that explains those observations
(Szpiech and Rosenberg 2011).

In a frequent type of application, population-genetic data ana-
lysis methods, both for human data and for the population genet-
ics of diverse species, have used HGDP-CEPH genotypes as test
cases in introducing software. In a typical approach, a new algo-
rithm or package is developed—often for measurement, model-
ing, or inference related to genetic variation, population-genetic
structure, genetic ancestry, or spatial genetics at a variety of
scales—and its statistical or computational properties are de-
scribed with the HGDP-CEPH panel supplying the data for anillus-
tration. Examples include ADZE (Szpiech et al. 2008), ALDER (Loh
et al. 2013), BAPS2 (Corander et al. 2004), BEDASSLE (Bradburd
et al. 2013), DAPC (Jombart et al. 2010), fastSTRUCTURE (Raj
et al. 2014), LASER (Wang et al. 2015), lfa (Hao et al. 2016),
Locator (Battey et al. 2020), MOSAIC (Salter-Townsend and
Myers 2019), mStruct (Shringarpure and Xing 2009), Netstruct

9202 UOIB\ GO UO Jasn AYisIonlun pIojuels Aq £9€G/18/€.zyekl/e/zez/a1o1e/sonouab/woo dno-olwapeoe)/:sdjy woly papeojumod



18 | Ramachandran and Rosenberg

(Greenbaum et al. 2019), SelEstim (Vitalis et al. 2014), smartpca
(Patterson et al. 2006), SPA (Yang et al. 2012), SpaceMix
(Bradburd et al. 2016), SPLATCHE (Ray and Excoffier 2009), and
TESS (Francois et al. 2006).

5. Natural selection, population-level variables, and biomed-
ical studies. HGDP-CEPH studies have investigated various forms
of natural selection, including purifying selection and geograph-
ically driven positive selection (Foll and Gaggiotti 2008; Coop
et al. 2009; Moreno-Estrada et al. 2009; Xue et al. 2009; Henn
etal. 2015). The data have also contributed to comparisons of hu-
man genetic variation and variation in pathogens (Linz et al.
2007; Fumagalli et al. 2011), craniometric traits (Roseman 2004;
von Cramon-Taubadel 2011), environmental variables
(Hancock et al. 2008; Coop et al. 2010; Gunther and Coop 2013;
Blair et al. 2014), microbiomes (Kidd et al. 2014), and epigenetic
and regulatory traits, measured from the HGDP-CEPH cell lines
themselves (Martin et al; 2014; Carja et al. 2017; Reynolds and
Niedbalski 2024). In one group of studies, the HGDP-CEPH
data have been used for testing the concordance of genetic vari-
ation with a class of data of great interest to Luca Cavalli-Sforza:
linguistic variation (Hunley et al. 2012; Creanza et al. 2015; Verdu
et al. 2017).

By examining allele frequencies at phenotype-associated loci,
HGDP-CEPH data have contributed insights into geographic vari-
ation in genetics of biomedical phenotypes (Myles et al. 2008;
Ding and Kullo 2011; Chen et al. 2012; Berg and Coop 2014). The
early genomic data from the HGDP-CEPH panel have also been im-
portant in evaluating the scientific potential of data collection
across many populations, often in biomedical contexts.
HGDP-CEPH data have been used in assessing genotype imput-
ation accuracy based on genomic reference panels (Huang et al.
2009a,b; Li et al. 2010), evaluating population representation in
embryonic stem-cell research (Mosher et al. 2010), and exploring
the potential of diversifying the populations used in association

studies (Rosenberg et al. 2010). A notable example was in the
area of tag-SNP portability for genome-wide association studies.
When the HapMap resource preparing for genome-wide
association studies had considered only four populations,
Gonzalez-Néira et al. (2006) and Conrad et al. (2006) evaluated
the potential for genomic SNPs chosen based on the four
HapMap populations to detect linkage disequilibrium with poten-
tial disease loci in other populations, supporting the general util-
ity of the HapMap populations and motivating deeper sampling in
Africa.

6. Visualizations and education. Studies of the HGDP-CEPH
panelhave used the data for educational purposes, and new forms
of visualization of genetic variation have been developed with
data from the panel. These include the bar-plot representation
of mixed-membership clustering (Rosenberg et al. 2002), the
“common-ancestry profile” representation of genetic similarities
of individuals (Mountain and Ramakrishnan 2005), various dis-
plays of haplotype patterns (Conrad et al. 2006; Jakobsson et al.
2008; Lawson et al. 2012; San Lucas et al. 2012), rarefaction plots
for alleles private to groups of populations (Szpiech et al. 2008),
Procrustes rotations of multidimensional scaling and principal
components plots of genetic variation (Wang et al. 2010),
and new types of tree diagram (Pickrell and Pritchard 2012;
Greenbaum et al. 2019).

The HGDP-CEPH data have also been important in summaries
that have a broader educational focus than typical scientific arti-
cles. These have emphasized the role of Africa in human evolution
(McClellan et al. 2017), described the connection of human genetic
diversity to biomedical and other practical problems that relate to
variation across populations (Cavalli-Sforza 2007; Rosenberg and
Kang 2015), and answered frequently asked questions about hu-
man genetic diversity (Barbujani and Colonna 2010; Rosenberg
2011).

Editor: B. Ogbunugafor
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