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Intellectual Property Landscape
of the Human Genome
Kyle Jensen and Fiona Murray*

ene patents are the subject of considerable debate and yet, like the
term “gene” itself, the definition of
what constitutes a gene patent is fuzzy (1).
Nonetheless, gene patents that seem to
cause the most
Enhanced online at
controversy are
www.sciencemag.org/cgi/
those claiming
content/full/310/5746/239
human proteinencoding nucleotide sequences. This category is the subject of our analysis of the
patent landscape of the human genome (2).
Critics describe the growth in gene
sequence patents as an intellectual property
(IP) “land grab” over a finite number of
human genes (3, 4). They suggest that
overly broad patents might block follow-on
research (5). Alternatively, gene IP rights
may become highly fragmented and cause
an anticommons effect, imposing high
costs on future innovators and underuse of
genomic resources (6). Both situations,
critics argue, would increase the costs of
genetic diagnostics, slow the development
of new medicines, stifle academic research,
and discourage investment in downstream
R&D (7–11).
In contrast, the classic argument in support of gene patenting is that strong IP proKyle L. Jensen
tection provides incentives crucial to downkljensen@mit.edu stream investment (12, 13) and the disclosure of inventions. Patents are also regarded
as the cornerstone of vibrant markets for
ideas (14) and central to the biotech boom
of the 1980s and 1990s (15).
Policy-makers are hampered by the lack

G

California, Isis Pharmaceuticals, the former
SmithKline Beecham, and Human Genome
Sciences. The top patent assignee is Incyte
Pharmaceuticals/Incyte Genomics, whose IP
rights cover 2000 human genes, mainly for
use as probes on DNA microarrays.
Although large expanses of the genome
are unpatented, some genes have up to 20
patents asserting rights to various gene uses
and manifestations including diagnostic
uses, single nucleotide polymorphisms
(SNPs), cell lines, and constructs containing
the gene. The distribution of gene patents
was nonuniform (see figure, page 240, top
right): Specific regions of the genome are
“hot spots” of heavy patent activity, usually
with a one-gene-many-patents scenario (see
f igure, below). Although less common,
there were cases in which a single patent
claims many genes, typically as complementary DNA probes used on a microarray
(see figure, p. 240, bottom).

tinguishing patents on the human genome
from those on other species (23).
Our detailed map was developed using
bioinformatics methods to compare
nucleotide sequences claimed in U.S. patents
to the human genome. Specifically, this map
is based on a BLAST (24) homology search
linking nucleotide sequences disclosed and
claimed in granted U.S. utility patents to the
set of protein-encoding messenger RNA
transcripts contained in the National Center
for Biotechnology Information (NCBI)
RefSeq (25) and Gene (26) databases. This
method allows us to map
gene-oriented IP rights to
BMP2
specific physical loci on
JAG1
the human genome (27)
(see figure, right). Our
approach is highly specific in its identification
of patents that actually
BCL2L1
claim human nucleotide
GDF5
sequences. However, by
limiting the search to
patents using the canoniCD40
cal “SEQ ID NO” claim
language we do not conBMP7
sider claims on genes
defined through amino
acid sequences. (See
table S1 for a sensitivity Physical mapping of patent activity on chromosome 20, divided
analysis.)
into 300-kb segments. Each horizontal bar represents a unique
Our results reveal that patent claiming a gene sequence located in that region. Orange reprenearly 20% of human sents the number of unique patent families in a region (28). Labels
genes are explicitly show the loci of highly patented genes (see table S1).
claimed as U.S. IP. This
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The global stem cell patent landscape: implications
for efficient technology transfer and commercial
development
Karl Bergman & Gregory D Graff
Characteristics of the complex and growing stem cell patent landscape indicate strategies by which
public sector research institutions could improve the efficiency of intellectual property agreements and
technology transfers in stem cells.

T

he debate over access to research tools essential for stem cell research and development
has been waged most strongly over patents
granted in the United States to the Wisconsin
Alumni Research Foundation (WARF) for
work done at the University of Wisconsin on
embryonic stem cells1,2. Although those WARF
patents are now being widely licensed, the concerns that they raised3–7 may soon be overshadowed by a more subtle but more chronic
problem. Patent filing activity in stem cells
has been growing steadily since the late 1990s.
Given the particular characteristics of stem
cells as a broadly enabling technology, many
expect the field to be particularly susceptible
to the emergence of a patent thicket8–13, also
known in property rights theory as an ‘anticommons’14. In a patent thicket, the existence
of many overlapping patent claims can cause
uncertainty about freedom to operate, impose
multiple layers of transaction costs and stack
royalty payments beyond levels that can be
supported by the value of single innovations.
By blocking pathways to market and dampening investor interest in commercialization,
a patent thicket has the potential to slow and
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skew the overall development of new technical
applications.
Proposals that seek to solve the patent thicket
problem by altering, reducing or eliminating
the granting of problematic property rights
beforehand are important to consider for the
long-term efficiency of the patent system15,16.
This approach is fundamentally policy-oriented, seeking changes in patent law, particularly in scope and subject matter, or changes in
patent administration and enforcement. In the
short to medium term, however, this approach
has at least two major drawbacks. First, changes
in law tend to require a critical mass of political
support. Second, the die has already been cast:
the existing patent estates in the field of stem
cells have already been created under current
law and practice. Academia and industry must
continue to operate under this legacy for the
next two decades.
A second approach seeks more efficient
exchange, transaction or redistribution of
granted property rights after the fact17–21.
This approach is market- or institutionally
oriented, seeking ways that existing assets can
be put to use more efficiently, regardless of the
initial grant or scope of rights. This may be a
more feasible approach in the short to medium
term and, under the right conditions, a more
efficient solution in the long term. Examples
include mechanisms ranging from compulsory licensing, to open source licensing, to the
formation of patent pools and other forms
of collective action. Such approaches do not
depend necessarily upon new legislation or
legal interpretation. Instead they depend
upon the voluntary construction of market or
institutional mechanisms that operate within

the existing environment to facilitate transactions in a more efficient manner than would be
achieved under multiple rounds of one-on-one
negotiations.
Issues in stem cell patenting
and licensing
Until now, stem cell research within many academic settings has proceeded without paying
heed to the patent environment. However, university research administrators and technology
transfer offices are becoming more concerned,
particularly when universities engage in commercially sponsored research projects or look
for opportunities to license out university
inventions. Specific issues that have arisen with
the broad WARF patents may be indicative of
future developments in the field. In industry,
access to intellectual property has been a concern for some time, but at the same time has
often been overshadowed by even greater concerns about ethical and regulatory constraints
on the commercial viability of stem cell technologies and products based on them22. The
emerging shape of the complexity of the field
holds important implications about where
bottlenecks are most likely to affect the rate
and direction of stem cell research, development and commercial application.
The WARF patents, claiming all primate and
human embryonic stem cell lines, embody one
of the strongest possible property claims in the
field of stem cells, establishing control at the
very root of all possible lineages of cellular differentiation. Beyond this central starting point,
however, navigation of intellectual property
rights is potentially fraught with challenges due
to the sheer complexity of the ‘tree’ of cellular
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Sara Boettiger & Alan B Bennett
More than 25 years after the US Bayh-Dole Act was passed to encourage technology transfer from universities,
is it time to reexamine and revamp this key legislation?
he controversies surrounding the US
Bayh-Dole Act1, enacted 25 years ago,
are a frequent topic of scholarly articles and
conferences, as well as the topic of regular
legislative forays designed to modify the Act’s
terms to achieve a variety of social or economic goals2. In addition to its importance
as a component of the US innovation system,
Bayh-Dole-like legislation is being adopted
in other countries3, providing an impetus to
ask the question: If we were to write similar legislation today, what issues would be
addressed differently, given our experience
with the Bayh-Dole Act over the past quarter
century?
The track record
The range of immediate answers to the
above question would likely reflect the now
entrenched camps of opposing opinions.
Supporters believe Bayh-Dole’s nationally
uniform framework is critical for the successful transfer of technology from university to
industry, and that it serves as a catalyst for
economic growth4. Critics argue that the Act
has brought about deleterious consequences
for the US innovation system and altered the
nature of the public research enterprise5.
A third camp in the debate believes that
Bayh-Dole has had little impact, viewing the
upswing in university technology transfer as
the result of other, concurrent events, such as
US Supreme Court decisions permitting the
patenting of novel organisms, increased government investment in biomedical research
and the emergence of research-intensive
companies in information technology and
Sara Boettiger and Alan B. Bennett are at
the Public Intellectual Property Resource for
Agriculture, University of California Davis,
Plant Reproductive Biology Building, Davis,
California 95616, USA.
e-mail: abbennett@ucdavis.edu

life sciences that could exploit university
inventions6.
Fundamentally, Bayh-Dole shifted the
incentive structure that governed the research
and development path of federally funded
inventions by allowing institutions to own
inventions resulting from federally sponsored
research and to exclusively license those inventions. The Act also requires the institution to
establish patent policies for its employees, to
actively seek patent protection and to encourage the development of their inventions.
Beyond these basic requirements, the legislation leaves a great deal of discretion to the
institutions. This flexibility has been both a
source of strength for Bayh-Dole and a weakness. Many of the issues that are identified
today as negative consequences of Bayh-Dole
can be traced to the institutional policies
structured to optimize institutional benefits
and income, rather than to the Act itself.

Over time, universities have come to a more
subtle understanding of the benefits and the
limitations of technology transfer. Collectively,
university technology transfer offices (TTOs)
have learned that patent portfolios are difficult
and expensive to manage, they take a long time
to mature to the point where they will deliver
revenue, results are widely variable and the
investment required represents a long-term
commitment. As a result, expectations have
changed with the primary focus of technology transfer shifting from one that is narrowly
based on institutional revenue to one encompassing impacts on the broader local economy,
industry-university relations, the formation of
new companies and the development of industry clusters. However, changing the metrics by
which a TTO is evaluated, and thus indirectly
changing the incentive system affecting those
making patenting and licensing decisions, has
been a slow and evolving process.
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Bayh-Dole: if we knew then what we know now

US Senators Birch Bayh, left, and Bob Dole, who sponsored a small amendment (P.L.96-517) to the
Patent and Trademark Act in January 1980. Little did they know how important their act would be for
the growth of the fledgling biotech industry.
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Our analysis show that 4,382 of the 23,688 genes in the
human genome are claimed in granted U.S. patents

NCBI Map Viewer. Build 35.1 http://www.ncbi.nlm.nih.gov/mapview/ (2005).
D. Maglott, J. Ostell, K. D. Pruitt, T. Tatusova, Nucleic Acids Res 33 Database Issue, 54 (2005).
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At least 18.5% of human genes are covered by U.S. patents, say researchers
who have produced the first comprehensive map of the patent landscape for
the genome.
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The researchers called the figure "surprisingly high" and their findings, published in Friday’s issue of the
journal Science, are likely to add fuel to an already heated debate over ownership and the right to exploit
human gene sequences commercially.
U.S. and European patent law preclude anyone from patenting a gene as it exists in the human body. But
for several decades, inventors and institutions have been filing for patents by claiming a proprietary way
of isolating the genes or developing a specific therapeutic use for them that is claimed to be unique.
They have also been making similar claims over the specific proteins that each gene instructs cells to
produce. A well-known example is erythropoietin, a blood protein manufactured as the blockbuster drug
Epogen to stimulate the production of red blood cells and whose patent rights are owned by Amgen Corp.
But gene patents can still be subject to dispute. BRCA1, a gene
involved in breast cancer, is one of the most often-patented
genes, with 14 patents issuing claims to it, according to the
study by researchers at the Massachusetts Institute of
Technology.
The BRCA1 has been the subject of legal battles in Europe,
where several countries challenged Utah-based Myriad
Genetics’ patent claims on the use of the gene’s sequence for
diagnostic purposes. The European Patent Office invalidated
one of the company’s key patents for the gene and its
diagnostic use last year.
The opposition in Europe stemmed from researchers’ sentiment
that one company shouldn’t monopolize the use of the gene
and the test, according to Arti Rai, a law professor at Duke
University who specializes in biotechnology intellectual
property.
As the number of gene patents increased in the late 1990s, mainly due to the explosion of
genomics-based companies, concern grew that too many parties were claiming a stake on gene
sequences, says Ms. Rai. Some companies were patenting sequences on a mass scale, without a clear
knowledge of what those genes did, she says.
Based on looking at a handful of genes, some groups had offered estimates on the extent of gene
patenting, but nobody really knew for sure how widespread the practice was. "The real novelty of the
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110TH CONGRESS
1ST SESSION

H. R. 977

To amend title 35, United States Code, to prohibit the patenting of human
genetic material.

IN THE HOUSE OF REPRESENTATIVES
FEBRUARY 9, 2007
Mr. BECERRA (for himself and Mr. WELDON of Florida) introduced the
following bill; which was referred to the Committee on the Judiciary

A BILL
To amend title 35, United States Code, to prohibit the
patenting of human genetic material.
1

Be it enacted by the Senate and House of Representa-

2 tives of the United States of America in Congress assembled,
3
4

SECTION 1. SHORT TITLE.

This Act may be cited as the ‘‘Genomic Research and

5 Accessibility Act’’.
6
7

1PC68 with HMBILLS
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8

SEC. 2. PROHIBITION ON PATENT OF HUMAN GENETIC MATERIAL.

(a) IN GENERAL.—Chapter 10 of title 35, United

9 States Code, is amended by adding at the end the fol10 lowing new section:
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For more information, please visit our website:
http://www.pipra.org
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