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Abstract

Omics research infrastructure such as databases and bio-repositories requires effective governance to support
pre-competitive research. Governance includes the use of legal agreements, such as Material Transfer
Agreements (MTAs). We analyze the use of such agreements in the mouse research commons, including by two
large-scale resource development projects: the International Knockout Mouse Consortium (IKMC) and Inter-
national Mouse Phenotyping Consortium (IMPC). We combine an analysis of legal agreements and semi-
structured interviews with 87 members of the mouse model research community to examine legal agreements in
four contexts: (1) between researchers; (2) deposit into repositories; (3) distribution by repositories; and (4)
exchanges between repositories, especially those that are consortium members of the IKMC and IMPC. We
conclude that legal agreements for the deposit and distribution of research reagents should be kept as simple and
standard as possible, especially when minimal enforcement capacity and resources exist. Simple and stan-
dardized legal agreements reduce transactional bottlenecks and facilitate the creation of a vibrant and sus-
tainable research commons, supported by repositories and databases.

Introduction

Omics research is increasingly reliant on publicly-
funded infrastructure that enables rapid and efficient

sharing of data and materials. Infrastructure, such as data-
bases and bio-repositories, requires effective governance to
accomplish goals of supporting public and private research
initiatives, enhancing translation of research into application,
and maximizing return on public investment in research,
partly through efficiencies of scale and avoidance of dupli-
cative efforts. Here, we discuss governance mechanisms for
omics infrastructure that may be thought of as a research
commons in support of the pre-competitive environment. In
this environment, research and development (R&D) are
highly collaborative and less focused on intellectual property
rights (IPRs) compared to later-stage product development.
We analyze governance mechanisms that incentivize partic-
ipation in the research commons, focusing on the use and
structure of legal agreements, such as ‘‘conditions of use’’
and ‘‘material transfer agreements’’ (MTAs).

Databases and bio-repositories may be thought of as an
integral component of research commons, a type of common
pool resource. A common pool resource is available to all
users on terms that encourage efficiency, equitable use, and

sustainability, and that are managed by groups of varying
sizes and interests (Ostrom, 1990, 1999). Our understanding
of the governance of common pool resources is based on the
seminal research of Nobel Laureate Elinor Ostrom on natural
resource commons such as forests and fisheries (Ostrom,
1990, 2005). Ostrom’s analytical framework enables the
systematic study of the governance of commons and has since
been applied to research commons (Dedeurwaerdere, 2010a,
2010b; Hess and Ostrom, 2006a, 2006b). The framework
describes best practices for governance structures and man-
agement to achieve desired outcomes of broad-based par-
ticipation and availability of data and materials for research.
The notable distinction between natural resource and re-
search commons is that the value of research commons is
enhanced with both use and recontribution of new or modi-
fied data and materials, unlike natural resource commons,
which may be depleted through overuse. In other words,
contribution, use, and recontribution create a positive ‘‘net-
work effect’’ that enhances value and sustainability of the
research commons.

The core action that needs to be incentivized for a func-
tional research commons, therefore, is sharing of data and
materials, which in turn is dependent on the accepted norms
and behaviors of the research community. Norms and
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behaviors are impacted by the heterogeneity of the commu-
nity, which may include public and private sector research-
ers, government agencies, industry, and research institutions.
A heterogeneous community creates challenges in managing
differing sets of norms and behaviors about sharing versus
withholding of data and materials. A concern, particularly of
individual researchers, is the prevention of users benefitting
from the commons without contributing to it, often referred to
as the ‘‘free-rider’’ problem. In addition, current trends to-
wards commercialization of research outputs from public
institutions have led to a plethora of IPRs over research re-
agents. Indeed, the development of research commons is, in
part, a reaction to commercialization policies of govern-
ments, funders, and research institutions (Caulfield et al.,
2012; Popp Berman 2012).

Developing and managing research commons requires
rules that (1) incentivize contribution, use, and recontribu-
tion; (2) provide a graduated system of sanctions for non-
compliance; (3) provide mechanisms for conflict resolution;
and (4) enable community members to participate in rule-
making (Ostrom, 2005). Such rules enhance trust amongst
community members and encourage participation. In Os-
trom’s framework, the rules-in-use to govern the commons
are defined as ‘‘shared normative understandings of what a
participant in a position must, must not, or may do.backed
by at least a minimal sanctioning ability for noncompliance’’
(Ostrom and Hess, 2007:41). Rules-in-use have varied mal-
leability and reach. They include (1) national-level laws such
as those governing IP, regulatory approval processes, and
animal welfare; (2) policies and guidelines for contractual
arrangements, funding, and collaborative research; and (3)
relatively informal community rules, norms and practices
around citation, attribution, reciprocity and sharing, and form
and timing of publication.

While formal laws, policies, and guidelines have previ-
ously been discussed in the context of research commons
(Bubela et al., 2012), contractual arrangements, such as
MTAs, require closer examination. MTAs are central medi-
ators in exchanges of data and materials and should embody
policies and guidelines for incentivizing the creation of re-
search commons. However, MTAs have been criticized as
hampering, instead of aiding, the sharing of data and mate-
rials (Schofield et al., 2009). Our empirical study examines
the role of MTAs as a mechanism for establishing robust and
sustainable research commons in genomics. We focus on the
well-developed mouse research commons, within which
mouse-related research reagents are developed and distrib-
uted to study genetic contributions to human disease. Much
mouse-related research exemplifies pre-competitive re-
search. At this stage of R&D, IPRs incur direct costs in filings
and maintenance, but also add substantial transaction costs
associated with the negotiation of licenses for products and
processes that often have limited commercial value. IPRs
also lead to duplicative research, either because knowledge of
ongoing research is withheld, or because of the need to invent
around proprietary products or processes. Contractual
agreements within research commons, therefore, should op-
erate to enable knowledge flows, reduce transaction costs for
data and materials, and support the pre-competitive research
environment (Dove et al., 2012).

Drawing on perceptions of MTAs in the research com-
munity that uses mouse models to study human diseases, we

explore MTA-mediated access to mouse research reagents at
three levels: (1) practical needs of individual researchers to
distribute and access research reagents and associated data;
(2) roles of repositories and databases in enabling access to
research reagents for the research community; and (3)
transfer of research reagents and data amongst repositories.
The latter is necessary to facilitate international distribution
of research reagents, to create mirror sites to ensure security
of the resources, and to facilitate large-scale, international
resource development projects.

In the context of the mouse research commons, research
reagents include mouse models, mouse embryonic stem cells
(mESCs), gametes, derivative cell lines, vectors, and asso-
ciated genotyping and phenotyping data (Brown and Moore,
2012a, 2012b; Collins et al., 2007; Skarnes et al., 2011). As
such, mice are the quintessential biomedical research tool,
useful for study of gene function. Mouse models include
knockout mice, wherein the function of one or more genes
has been fully or partially inactivated, or made conditional. In
contrast, knockin mice carry inserted gene sequences, which
are often human. The importance of knockout mice as a re-
search tool was recognized in the award of the 2007 Nobel
Prize in physiology or medicine to Dr. Mario R. Capecchi, Sir
Martin J. Evans, and Dr. Oliver Smithies for their early work
on knockout mice.

We start with an introduction to MTAs and their negative
historical impact on mouse-model research, exemplified by
OncoMouse and Cre-lox technology. We then discuss policy
responses to accessibility of mouse-related research reagents
in the establishment of large-scale, international initiatives
for their generation and distribution. These include the In-
ternational Knockout Mouse Consortium (IKMC) and the
International Mouse Phenotyping Consortium (IMPC). We
next describe our qualitative research methods and analysis
of interviews with expert informants. We focus on the role of
MTAs in the distribution of research reagents (1) between
researchers, (2) between researchers (as recipients and de-
positors of mouse materials) and repositories (as archives and
distribution centers of mouse materials), and (3) between
repositories and the resource-making partners of the IKMC
and IMPC. We conclude with specific recommendations to
address MTA-related challenges in building a robust and
sustainable research commons.

MTAs: Key features

MTAs are a form of license that set terms of use and access
for research reagents. They are grants of permission to use
proprietary (covered by IPRs) or nonproprietary materials in
the control of providers (Mirowski, 2008; Rodriguez, 2005,
2008). They range in scope and complexity from simple
conditions-of-use to expansive legal agreements, requiring
substantial negotiation of terms (Streitz and Bennett, 2003).
They set out rights and responsibilities of the parties (pro-
viders and recipients) and include descriptions of materials to
be transferred and payments or other benefits exchanged in
return. MTAs place limits on the physical handling and use of
materials (e.g., only for pre-clinical research or a specific
research area) and generally prohibit distribution to third-
party researchers (Winickoff et al., 2009). For material de-
rived from human subjects, common limitations on the field
of use reflect the specific conditions for the consent used to

GOVERNANCE OF RESEARCH COMMONS 255



obtain the material (e.g., only for research into specific dis-
eases). MTAs also limit the liability of providers through
disclaimers as to quality of materials provided, ownership,
and the non-infringement of IPRs used to create the material
(including those of third parties). Other terms set dispute
resolution mechanisms, legal jurisdiction, timelines for the
provider-recipient relationship, and conditions for termina-
tion (e.g., which party may terminate, manner of termination,
and/or destruction or return of the material).

Most MTAs distribute materials nonexclusively (i.e., to
multiple parties) and retain the provider’s rights to continue
to use the material. On occasion, MTAs also contain reach-
through provisions. These grant back to the provider the
rights to materials derived from the original materials, in-
cluding the right to use the derivative materials or receive a
percentage share of royalties from derivative materials. This
practice of reach-through is generally considered to be con-
trary to best practices for licensing of research reagents, es-
pecially those created using public funds, because it grants
rights that are disproportionate to the provider’s role in
technological development and extend proprietary claims far
beyond those granted by IPRs (Rai and Eisenberg, 2004;
Streitz, 2013). For patented materials, MTAs, as contractual
formulations, may set greater restrictions on use than the
underlying patent claims, which are legally, geographically,
and temporally bounded (Mowery and Ziedonis, 2007).
MTAs may also contain clauses that delay or restrict an ac-
ademic researcher’s ability to publish work.

At most leading research-intensive universities, MTAs are
drafted and negotiated by institutional legal counsel located
within technology transfer offices (TTOs) or research ser-
vices offices. These offices manage research partnerships,
sponsored research, and commercialization activities such as
patenting, technology licensing, and creation of spin-off
companies (Fisher and Atkinson-Grosjean, 2002; Goulding
et al., 2010; Miller et al., 2009). Difficulties and delays arise
from this centralization and institutional approval for MTAs;
it is the institution that is the party to the MTA and institu-
tional lawyers or contracts staff therefore negotiate the terms
of the agreement on behalf of researchers.

Historical issues around patents, licensing
agreements, and MTAs in mouse research

MTAs for mouse research reagents have a checkered his-
tory, illustrated by the OncoMouse and Cre-lox cases
(Aghion et al., 2010; Murray, 2010; Murray et al., 2009). In
both cases, restrictive licensing practices stimulated research
community action to improve sharing of research data and
materials. In the case of the OncoMouse, Harvard University
exclusively licensed to DuPont its broadly patented tech-
nology for mice genetically modified to develop cancer. The
technology included the mice, embryos, gametes, vectors,
cell lines derived from the mice, and the methods to produce
the mice (United States (US) Patent numbers US4736866 (A)
and US4736866 (B1); European Union patent numbers
EP0169672 (A1) and EP0169672 (B1); Japan patent numbers
JPS6181743 (A) and JPH0548093 (B2); and Canada patent
number CA1341442 (C); European Patent Office, 2013).
DuPont then placed sweeping restrictions on the licensing of
OncoMouse technology to the research community, includ-
ing restrictions on onwards transfer to third parties, onerous

research reporting requirements, and reach-through claims
over ‘‘a percentage share in any sales or proceeds from a
product or process developed using an OncoMouse, even
though the mice would not be incorporated into the end
product’’ (Murray, 2010:362). The community responded
with outrage and civil disobedience; community members
continued to share cancer mouse models developed in inde-
pendent research laboratories.

The situation was resolved for researchers in the United
States when DuPont and the National Institutes of Health
(NIH), led by Dr. Harold Varmus (2009), a Nobel prize
winning mouse model and cancer researcher, signed a
memorandum of understanding (MOU) that allowed aca-
demic researchers to exchange OncoMice through a simple
‘‘conditions-of-use’’ (CoU) agreement without reporting re-
quirements and reach-through rights. The MOU also enabled
the Jackson Laboratory ( JAX) and other public repositories
to distribute OncoMouse lines widely to researchers at in-
stitutions with funding agreements with the Public Health
Service of the U.S. Department of Health and Human Ser-
vices. Repositories notified other researchers, including those
jurisdictions outside the U.S. with valid patents over Onco-
Mouse technology, to seek a license for use with DuPont
( Jackson Laboratory, 2013a).

Cre-lox recombination technology originated in the pri-
vate sector, in DuPont’s life sciences division in 1987 (Sauer
and Henderson, 1988). It enables site-specific deletions, in-
sertions, translocations, and inversions of DNA in eukaryotic
and prokaryotic cells. The system creates conditional mu-
tants, allowing genes to be activated, suppressed, or ex-
changed in response to an external stimulus in specific
tissues.

For over 10 years, DuPont strictly controlled access to Cre-
lox mice, setting onerous terms of use such as the right to
review publications in advance and reach-through royalties
for products developed using the technology. While many
institutions acquiesced to these demands, the Massachusetts
Institute of Technology and JAX resisted. Finally, in August
1998, the NIH negotiated an MOU to allow JAX or institu-
tions with funding agreements with the Public Health Service
of the U.S. Department of Health and Human Services to
distribute and share Cre-lox mice with a simple conditions-
of-use agreement. According to the NIH news release: ‘‘The
agreements distinguish between academic and commercial
uses of the technology. DuPont has agreed to make the
technology available without cost to NIH researchers and
grantee institutions for noncommercial purposes. Re-
searchers affiliated with the NIH may disseminate Cre-lox
materials to other academic laboratories and investigators for
academic research under a Material Transfer Agreement. The
recipient not-for-profit institutions need an agreement with
DuPont to further transfer the Cre-lox materials provided by
the NIH. Discoveries made within the academic realm
through use of the Cre-lox technology will not be subject to
any payments to DuPont so long as the discovery is made
outside of any benefit accruing to a commercial entity.’’
(NIH, 1998). Until 2007, other researchers, within and out-
side the US, required a license from DuPont or from Bristol-
Myers Squibb (BMS) Company, which acquired DuPont in
2001 (e.g., the Harvard-BMS Cre-Lox License, Harvard
University, 2013; Jackson Laboratory, 1999). As of Sep-
tember 26, 2007, the Cre-Lox patents and the corresponding
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license agreements expired in all countries except Canada
( Jackson Laboratory, 2008).

Thus access to both technologies required intervention by
the NIH, which recognized the importance of policies for the
broad, nonrestrictive distribution of research reagents. Its
own 1999 policy directs that biomedical research resources
generated using public funds should be freely transferred
between researchers using ‘‘.either no formal agreement, a
cover letter, the Simple Letter Agreement of the Uniform
Biological Materials Transfer Agreement (UBMTA), or the
UBMTA itself’’ (NIH, 1999:72093). The Simple Letter
Agreement (SLA) and UBMTA are templates for the transfer
of materials developed by the NIH Office of Technology
Transfer (OTT, 2012) and the Association of University
Technology Managers (AUTM, 2013). For institutions sig-
natory to the UBMTA Master Agreement, materials can be
transferred upon execution of an Implementing Letter.

The AUTM and the Organisation for Economic Co-
operation and Development (OECD) have also promulgated
best-practice licensing guidelines for publicly funded re-
search outputs. These include nonexclusive licensing prac-
tices and the retention of rights for the research community
within the institution or more broadly (AUTM, 2007; OECD,
2006). Such policies assume added importance given the
public sector dominance as generators and holders of IPRs
over research reagents (e.g., animal models, DNA/RNA se-
quences, and stem cells) (Cook-Deegan and McCormack,
2001; Bergman and Graff, 2007). However, despite these
policies and practical interventions, delays in negotiating
MTAs continue to impede timely access to research reagents.

Building the mouse research commons

Beyond OncoMouse and Cre-lox technologies, the mouse
research commons has long supported the generation and
distribution of research reagents (Einhorn and Heimes, 2009;
Schofield et al., 2009, 2010). Exchanges may be direct and
small-scale amongst researchers and laboratories, or may be
supported and simplified by public and private repositories
for mouse reagents (Table 1; Table 2; Supplementary Table
S1; supplementary tables are available online at www
.liebertpub.com/omi). JAX, for example, distributes mice to
both academic and industry researchers. Academic and not-
for-profit researchers receive mice with a simple notification
that the mice are for research use and are not for sale or
transfer to third parties without permission. For industry re-
searchers, JAX acts as a broker, distributing lines only when a
license agreement has been negotiated between a donor and
the industry recipient ( Jackson Laboratory, 2013b, 2013c,
2013d). Other distribution models exist, with most reposito-
ries using MTAs, which may be more onerous than simple
conditions of use (Table 2; Table S1). Nevertheless, despite a
relatively robust sharing infrastructure supported by funding
agencies and sharing policies, only approximately 35% of
mouse strains are made available to the research community
(Schofield et al., 2009).

Partly in response to access issues, and partly to enhance
efficiency and reduce costs of developing mouse models as
part of individual research grants, an international consor-
tium, the IKMC, was launched to develop a community
resource. The IKMC aims to generate mutants for all protein-
coding mouse genes (>20,000) using a combination of gene

trapping and gene targeting in C57BL/6 mESCs. By 2012, the
IKMC generated more than 17,400 embryonic stem cell
clones and more than 1700 mutant mouse strains were gen-
erated from this resource by large-scale production centers,
most of them conditional (Bradley et al., 2012; Brown and
Moore, 2012a, 2012b). To complement and add value to the
IKMC resources, a second international consortium, the
IMPC, was established in 2011 for high-throughput pheno-
typing of the IKMC lines (Table 3). The platforms of the
phenotyping pipeline aim to test, from 2011 to 2021, up to
20,000 mutant mouse lines in major adult organ systems and
diseases (Brown and Moore, 2012a, 2012b). This systems-
oriented effort will generate an encyclopedia of mammalian
gene function. Community members may also nominate
genes to be prioritized for the production of knock-out mice
and phenotyping. The IMPC is still expanding to include
secondary phenotypers, who will contribute additional,
medium-throughput screens for more detailed analysis of
preselected genes. Additional tertiary phenotyping will be the
task of experienced end users who will, in networks of col-
laboration with the IMPC centers, access mutant embryos
and identify ‘strains of interest within the primary and sec-
ondary phenotyping tiers’ (Adams et al., 2013).

The IKMC and IMPC projects are broad international
collaborative networks of mouse genetics centers, supported
by national and regional funding bodies in North America,
Europe, and Asia-Pacific (Table 3). The projects rely on an
established infrastructure for archiving and sharing mouse
strains and associated data (Table 3; Supplementary Table
S1). For example, the IKMC mESCs are available from the
Knockout Mouse Project (KOMP) Repository or the Euro-
pean Mouse Mutant Cell Repository (EuMMCR) (Brown and
Moore, 2012b; Donahue et al., 2012). Data generated by
the primary IMPC phenotyping centres are processed and
disseminated by bioinformatics facilities, chiefly the NIH-
funded KOMP Data Coordination Center (DCC) and the
European Commission-funded International Data Coordina-
tion Center (I-DCC). These resources ensure use of common
semantics for comparing and integrating imaging, text-based
and numerical data produced by diverse laboratories (Mallon
et al., 2012; Ringwald et al., 2011). The data are made avail-
able to the scientific community through a centralized open-
access portal (https://beta.mousephenotype.org/data/search).

Thus, for the highly networked mouse model research
community, MTAs set conditions for exchange of materials
in four distinct contexts (Fig. 1): (1) simple distribution of
research reagents between individual researchers and re-
search laboratories mediated by institutional legal counsel;
(2) deposit of research reagents into repositories and data
into databases; (3) distribution of research reagents to the
research community by repositories; and (4) distribution of
research reagents amongst members of international, com-
munity resource development consortia such as the IKMC
and the IMPC. We analyze each, in turn, after describing our
methods.

Methods

Analysis of MTAs

We identified the repositories engaged in the IMPC and
IKMC consortia. We compiled MTAs and other legal in-
struments as available online used by eleven repositories for
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deposit and distribution. We characterized the nature of the
terms for both deposit and distribution (Table 1; Table 2),
noting that each repository used multiple MTAs and other
legal instruments depending on the provenance of the mate-
rial being distributed (Table 2; Supplementary Table S1). Our
analysis noted standard terms, including: the transferred
material remains the property of the donor but may be dis-
tributed by the repository as a service to the community;
liabilities and warranties concerning the quality of the ma-
terial and underlying IPRs; the hazardous/experimental
nature of the materials; prohibition against use in human
subjects; use in compliance with all applicable laws, and
regulations; and execution clauses. However, below we dis-
cuss only those terms that either enhance or impede the flow
of materials within the research commons (Table 1; Table 2).

Semi-structured Interviews

We conducted 87 semi-structured interviews with mem-
bers of the mouse model research community (Table 4). The
interview guides were informed by research on the legal,
technical, social, and ethical issues of developing community
resources for animal-model genomics. The guides were re-
viewed for depth and breadth of coverage by experts in the
Canadian mouse genomics community. While interview
guides were specific to the stakeholder groups, the central
theme was the sustainable development and use of federated,
high-impact resources for mouse-model genomics. The guides
explored professional backgrounds of participants, ongoing
research, collaborations, role in and awareness of the IMPC
and/or IKMC, funding sources and challenges, and experi-
ences with materials sharing and transfer. The Research Ethics
Office of the University of Alberta approved the study.

We spoke with consortium directors, resource developers,
managers of repositories, animal facilities and databases,
funders, TTO representatives, commercial reagent suppliers,
and academic researchers (Table 4). We invited participants
on the basis of their publication record and institutional af-
filiations. Of our 87 interviews, two consortium directors and
a repository manager were repeat participants, invited to
speak on their roles both in the IKMC and IMPC. We col-
lected data in two phases: (1) 36 interviews in 2007–2008
during the early stages of the IKMC; and (2) 51 interviews in
2012–2013 during the early stages of the IMPC. The use of
data across a 5-year period permitted a longitudinal, inter-
project comparison of MTA-related issues.

Interviews were 45 to 60 minutes long. We addressed
participants’ questions about our aims and methods by tele-
phone, e-mail, and in-person interviews. We asked: (1)
mouse-model users to describe their experiences of accessing
and sharing mouse research tools, with a focus on IP and
MTAs; awareness and views of IKMC and IMPC resources;
and data and materials sharing plans and activities; (2) con-
sortium directors to describe strategies of coordinating
communications and transnational flows of tools and outputs;
(3) resource makers about their rationale for contributing to
the IKMC effort, their view of the utility of the resource, and
challenges in creating the resources; and sustainability
models; (4) funders to describe incentives and enforcement
mechanisms for best practices around publicly funded re-
search tools and results; (5) manager-developers of reposi-
tories and databases to discuss infrastructure and capacity,

funding sources and challenges, practices around receiving
and distributing resources, and current use and potential im-
provements of relevant instruments, particularly MTAs; (6)
TTOs to describe their institutional policies and practices
around seeking IPRs on research output, licensing in and out of
research materials, and monitoring and enforcing MTAs; (7)
industry participants who were commercial suppliers of mouse
materials to describe their corporate products, market opera-
tions, IP policies, and their experiences in working with the
IKMC and IMPC; and (8) animal facility managers and staff to
discuss the practicalities of mouse colony management to as-
sist us in understanding the context of mouse model research.

Analysis of interview transcripts

AM stripped interview transcripts of identifiers and read
the transcripts through to obtain a preliminary overview of
the dominant themes and issues. We then coded the data
using standard qualitative methods. We read the transcripts
and coded for initial themes using the ‘constant comparison’
method (Charmaz, 2006; Corbin and Strauss, 2008). This
method involved an iterative reading and comparison be-
tween the transcripts to identify relationships between in-
terviews and themes that required further exploration in
subsequent interviews. As new codes emerged, previous
transcripts were re-analyzed to incorporate the new codes.
We used NVivo 10ª (QSR International) qualitative analysis
software to organize and code the data. In the first phase of
coding, AM segmented the transcripts into broad ‘open’
codes (e.g., ‘MTA negotiations’; ‘MTA process’; ‘NIH
UBMTA’). AM then compared and related these open codes
to each other and integrated them into ‘axial’ codes that
captured specific actions, interactions, and consequences
(e.g., ‘Delayed Transfers and TTO-Researcher Frictions’;
‘MTA negotiations and delays’; ‘NIH UBMTA–effects of
deviation’). In the next stage, TB (the Principal Investigator;
PI) reviewed AM’s codes and selected those codes relevant to
the current topic for further analysis and inclusion in the
results (e.g., ‘MTAs and exchange of materials within in-
ternational resource development consortia’).

Our qualitative analysis was guided by relevant peer-
reviewed and gray literature (conference proceedings, news,
and legal and policy documents). These readings enabled us
to gain a greater understanding of the social and professional
contexts in which our participants operated. As we coded,
we verified the selected quotes to ensure that they retained their
original meaning. Further, we sought to ensure that ‘saturation’
had been achieved, meaning that we had iteratively coded the
data until no new codes emerged. To further validate our
analysis, we discussed our findings with specific informants
who suggested how we could further nuance and refine the
analysis. In the Results section, we focus on quotes on MTAs
and data or materials sharing. We use square parentheses to
indicate concealed identities or inserted explanations.

Our study has certain limitations. Being a qualitative
study, it offers narrative richness, but due to a smaller sample
size compared to quantitative methods such as a survey, our
analysis may not be widely generalizable. Additionally,
while we followed standard practices to validate our findings,
qualitative analyses offer an inherently subjective selection
and interpretation of illustrative quotations to address re-
search questions.
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Results

We order the results according to the increasing com-
plexity of relationships around MTAs (1) between research-
ers; (2) deposit into repositories; (3) distribution by
repositories; and (4) exchanges between repositories, espe-
cially those that are consortium members of the IKMC and
IMPC. Our participants consistently reported problems of
restrictive clauses, varying content, high volume of requests
for MTAs, extended negotiations, and resulting delayed
transfer of materials. Identified solutions included use of the
simplest agreement method possible and compliance with
best-practice licensing strategies, such as the use of the
UBMTA and SLA, standing reciprocal MTAs, and simple
‘conditions-of-use’ for academic research.

MTAs used in exchanges between researchers

Academic researchers associated MTAs with significant
delays, which were problematic when considered within re-
search funding and productivity timeframes. Researchers felt
that the delays were unacceptable because most of the re-
search was firmly within the pre-competitive research envi-
ronment and of no commercial value.

The vast majority of MTAs are a complete waste of time, and
they delay research for really no commercial benefit to
anyone. And this is based on 20 years of working as a mouse
geneticist. Somebody like me is funded by grant applications.
So any delay, I never ever get that time back. [Researcher/
End-User #1]

A focus on commercialization, specifically patenting, di-
minished the value of the resources supplied for research
because required data were withheld.

I was working with [Scientist] who did stem cell research in
[United Kingdom (UK) University] and was very involved in
commercialization. I found it frustrating because you
couldn’t get the information you needed out of him because it
was in a patent application. So, while he’s asking me to use
his ES-cells [Embryonic Stem cells] to go down differentia-
tion routes towards neural differentiation, he wouldn’t tell
me what was in the media or any of the genetic background
of the cells or anything because they were all in the process
of being patented. [Resource Maker #2]

Academic researchers suggested that the process of shar-
ing materials with noncollaborators was more complicated
than with collaborators, because the latter posed no imme-
diate competition.

FIG. 1. Types of Material Transfer Agreement (MTAs) used to distribute and
use mouse-related research tools in the global mouse research commons: (1)
mouse resources distributed amongst researchers; (2) deposit agreements for
mouse resources to repositories from (a) researchers or (b) large-scale production
centers for the generation of mouse resources such as the IKMC production
centers; (3) distribution agreements from the repositories to (a) nonprofit/aca-
demic users or (b) commercial users; and (4) amongst repositories for value-
added activities such as phenotyping (IMPC) or mirroring of resources for dis-
tribution.

Table 4. Interview Participants

Interviewees

IKMC
(N = 36)
(Years:

2007–2008)

IMPC
(N = 51)
(Years:

2012–2013)

Animal facility managers* – 4
Consortium directors 6 10
Database managers 3 5
Funders 1 6
Industry representatives – 2
Repository managers 1 7
Resource makers 18 –
Technology transfer offices – 8
Users of mouse models 7 9

*Animal facility managers are not represented in the data in this
report.
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So about half the time I’m contacted for this special mouse
line [name], distributed under an MTA from [Canadian
University], which has a breeding colony. I forward the re-
quest to the [Canadian University], who vets the request to
ensure that the people who want the mice are just duplicating
an experiment that had already been done.When we give
the mice to collaborators the process is really more to do
with health status or it involves exchange of information, of
serology status of the animals between our facility and the
receiving facility. [Researcher/End-User #4]

Researchers felt the need to control the timing and con-
ditions for the distribution of materials because of the effort
and expense of making mouse lines ‘‘in-house’’. They were
more likely to share materials when the distributors ascer-
tained the absence of direct competition or post-publication.
Such considerations necessitated the use of MTAs that re-
strict onwards distribution and field of use.

Sometimes we’re still using those mouse lines for our own
research and we would like to know who is going to be using
it to see whether they’re potential competition.It takes so
long to prepare those lines, to generate those lines and it’s so
expensive that we’re sure that we have some ownership of the
results, right, that we can have some control what’s going
on. We want to make sure that there is no overlap to what we
are doing or if there is I mean we’re doing it in a collabo-
ration. Even if they are going to compete, we always provide
the mouse lines, but as long as they have been published
before. [Researcher/End-User #8]

Material transfers from industry were especially prob-
lematic because of reach-through claims, delayed transfers,
and high transaction costs.

The worst example of this we had was when we were trying to
import an Alzheimer’s model from [Company]. Our university
technology transfer office had spent SIX months [emphasis in
recording] of my 3-year grant. So that’s time that’s gone.
Finally my university would not allow me to import the mice.
They were right because these mice had been produced by an
academic lab in North America who then sold it to [Com-
pany], and the [Company] allowed people to have these mice.
But if you breed the mice, and this is what I as a geneticist
wanted to do, then the progeny animals become owned by
[Company] along with any IP. [Researcher/End-User #1]

Onerous terms in MTAs made researchers consider alter-
native research strategies to meet deadlines, serve the inter-
ests of junior laboratory members, and sidestep IPRs.

Getting the mice has become so onerous in the last 5 years, I
am looking for alternatives. It is going to be a year and a half
long thing and if you’re a graduate student and you have to
get out with your PhD in a timely fashion we’re going to look
for another way. Maybe it’s not as good as getting the mouse
but it’s an alternative that we can actually do in a reasonable
timeframe. [Researcher/End-User #5]

The reason we started working with FLP recombination
[FLP-FRT, a recombination technology, analogous to Cre-
Lox (Schlake and Bode, 1994)] is I tried to work with Cre and
DuPont sent me this utterly aggressive absurd MTA which
basically said that anything I did with the Cre coding sequence
was DuPont property and that I would have no rights under
any circumstances. I said okay I’m going to work with FLP
because in those days no one knew if Cre was going to be
better than FLP or not. [Researcher/End-User #7]

Consistently, academic researchers reported friction with
technology transfer offices over extended MTA negotiations

and delayed transfers. Researchers felt that TTOs caused
unnecessary interference in the academic culture of ‘‘gift-
ing’’ materials to colleagues. Researchers criticized their
TTOs for being overly risk-averse, which, when combined
with an inadequate grasp of scientific method and academic
culture, impeded the ability to share research reagents. In-
deed, academics felt that the focus of TTOs on commer-
cialization of research outputs, including research tools, was
inconsistent with the mission of universities to generate and
disseminate knowledge, while appropriately seeking IPRs
over inventions closer to clinical or practical application. The
TTOs were overly focused on potential commercial gains,
which were unlikely to arise from pre-competitive research
tools. This was especially the case when the exchange was
between researchers at academic institutions. Thus the
lengthy timelines and complex negotiations merely inter-
fered with academic research that was highly unlikely to
result in the generation of revenues for the institution. The
delays caused many researchers to bypass their TTOs and
formally negotiated inter-organizational MTAs.

If it will take a year or six months to straighten out the MTA,
I will send things before they’re signed which is completely
not what you’re supposed to do. I just e-mail people and ask
them and some require MTAs and some don’t. I imagine in
every case probably their institute would require an MTA if
they knew. [Researcher/End-User #5]

TTOs, for their part, saw themselves as facilitating trans-
lational science and serving innovation systems by linking
researchers, industry, and healthcare organizations. TTO
representatives expressed frustration with researchers who
avoided formal transfer routes.

We rely on the PIs to call us and say, hey I need something,
which is a lot of them. But some sign the thing like they’re
not supposed to. First of all I think there’s a legal obligation
that they need to come to us. [TTO #3]

TTO representatives felt that sharing of data and materials
are greatly facilitated through use of the NIH UBMTA. Un-
fortunately, to the frustration of many representatives of
TTOs and funding agencies, local practices commonly de-
viated from the standards set by the NIH.

If the MTA language does adhere to the UBMTA then it
doesn’t take any time—there’s no negotiation required.
[TTO #1]

Some tech transfer offices give you an MTA with all sorts
of constricting language. And sometimes institutions sign
them and it perpetuates the idea that they can continue to do
that. I say ‘‘don’t call this UBMTA because it’s not. It’s
something else that you rebranded for your institution.’’
[Funder #2]

TTOs also raised the issue of ability to negotiate terms of
MTAs versus ability to monitor the terms. TTOs have limited
resources to monitor the terms of use of materials and de-
velopment milestones once they are sent to the recipient. This
negates the value of complex licensing agreements, which
require enforcement of terms.

The challenges of monitoring compliance are the lack of
systems to do so. Right now, the only way to monitor com-
pliance is to have a database with the time points for mon-
itoring compliance for the duration of agreement. If you have
a 3 year MTA, one should follow up in 3 years to make sure
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the material is no longer being used. For licensed agree-
ments [with commercial users], there needs to be follow-up
on payments. All this should be in one database so that any
individual could see, get reminders about what’s happening.
It’s impossible for any contract research or tech transfer
office to manage that volume of contracts without a well-
structured database. [TTO #1]

Finally, TTO representatives acknowledged that any li-
censing terms for research tools should be commensurate
with their potential commercial value. Indeed, some TTOs,
such as at the University of British Columbia (UBC, 2009,
2013), have a policy not to seek IPRs over mouse models
and instead encourage their submission to a repository such
as JAX. Representatives of TTOs sensibly recognized that
most mouse-related research reagents were neither unique
nor commercially valuable, a notable exception being the
VelocImmune� technology of Regeneron Pharmaceu-
ticals (New York and New Jersey, US), which is a mouse
model for producing monoclonal antibodies (Valenzuela
et al., 2003). Therefore, most institutions licensed mouse
models nonexclusively and without reach-through terms,
if at all.

Almost all of these tools now, be it a mouse or reagent are
done nonexclusively. Fifteen years ago when these mouse
models were super unique, you could license to somebody
exclusively. Now if the university is sending the company
some mice you won’t get a reach through. [TTO #3]

Regeneron’s immune model for making humanized anti-
bodies obviously that’s made a lot of money for them but I
think overall if you are just going to knockout a gene and
make a mouse I don’t think people see that as a very prof-
itable way to make money by putting in licenses that are
restrictive to the use of it. [Industry representative #1]

MTAs for the deposit of materials into bio-repositories

As pillars of the mouse research commons, repositories
have implemented policies for data and materials sharing and
have attempted to incentivize best practices within the re-
search community. Repositories vary in structure in (1) ac-
cepting deposits from the research community following
expert review of criteria, such as quality, novelty, and po-
tential interest from the research community; (2) accepting
deposits of reagents resulting from a specific project, such as
the KOMP; and (3) not accepting deposits but distributing
only those reagents generated by the repository-associated
production project/facility (Table 1). Repository managers
described bio-repositories as supporting open access to
publicly generated research reagents, a stated policy of
funding agencies. Those repositories that accepted deposits
provided: ‘‘a big advantage for the small labs. They don’t
have to set up their own cryopreservation facility, we will do
the quality control and we will also do distribution for lab-
oratories [Repository Manager #1].’’ Repositories addition-
ally relieved depositors of the burden of distribution, which
included the negotiation of distribution agreements, such as
MTAs, ‘‘with which researchers are not always familiar’’
[Repository Manager #2].

Researchers, however, felt that the financial and time costs
of depositing materials in bio-repositories were disincen-
tives. Indeed, most deposit MTAs (with some exceptions
such as the Harwell Frozen Embryo and Sperm Archive
(FESA), part of the European Mouse Mutant Archive

(EMMA) network), specified that the donor bore the cost for
the deposit into the repository (Table 1; FESA, 2013).

I’ve been asked by JAX to, you know, open access to other
researchers and we do provide mouse lines to other re-
searchers when they request. But I haven’t had really the
time and the resources to look at the JAX because.I have to
pay to deposit mice for other people to use. That’s a com-
plication for me. [Researcher/End-User #8]

Repository managers and consortium directors stated that
increasing deposit of, and therefore access to, materials needed
a shift in culture, supported by funding agencies such as the
NIH and the Wellcome Trust, which already have policies to
that effect. In addition, journals could require evidence of de-
posit, such as a repository number, prior to publication. This
could mean repositories have to accept pre-published strains.
However, not all repositories accept pre-published strains.
Repositories that accepted deposits from the community
generally had policies encouraging depositors to agree to un-
restricted donation, including standard simple conditions for
distribution to nonprofit or academic institutions (Table 1).
Conversely, highly variant MTAs hampered deposit of mate-
rials and created an administrative burden for repositories.
This is because MTAs for the deposit of materials generally
dictate the terms under which those materials may be distrib-
uted for noncommercial and/or commercial research. A stan-
dard deposit MTA simplifies the onwards distribution of
materials, the core business of repositories.

We have a standard MTA that we encourage depositors to
sign but we don’t enforce this. It’s not unusual for depositors
to want us to agree to their MTA. So we have several variants
of MTAs for the stocks we hold in the archive and this creates
an administrative burden for us. [Repository Manager #1]

However, most deposit MTAs enabled depositors to re-
strict distribution to for-profit entities or for commercial use
(Table 1) and, in special circumstances, to designate the
terms for onwards distribution for all users (Table 2).

MTAs for the distribution of reagents
by bio-repositories

Resource makers as well as directors and managers of re-
positories agreed that access should be made as simple as pos-
sible for nonprofit and academic institutions. For example, JAX
distributes materials to academic researchers with notification of
two simple conditions: that the mice are for research use and are
not for sale or transfer to third parties without permission. Other
repositories have similar policies to enhance distribution and
uptake of resources (Table 2; Supplementary Table S1).

For the NorCOMM resource [North American Conditional
Mouse Mutagenesis Project; http://www.norcomm.org/
index.htm] there’s two avenues to request. For nonprofit
investigators we have worked out a Conditions of Use
without formal MTA’s. [Repository Manager #3]

BayGenomics [Stryke et al., 2003] was an NIH-funded
program to generate a large gene trap resource. There were
no MTAs on those reagents and [the resource] gave away
cells to the research community. Lots of papers came from
that resource in terms of assigning function to gene in mice.
[Resource Maker #5]

Some repositories use a blend of conditions of use and
MTAs, depending on the deposit agreement.
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For 13 years the Mutant Mouse Regional Resource Center
[MMRRC] has taken in mutant mice people have created in
their laboratories, archived them, and then distributed them
to the academic research community. In some cases there are
MTAs. In some cases it is just a simple online conditions of
use statements that they need to check often. It has not hin-
dered anyone to access the lines. [Consortium Director #5]

Other repositories, because of funding and institutional re-
quirements, use more complex MTAs, which range from those
based on the UBMTA to more complex standard-form MTAs
(Table 2; Supplementary Table S1). These MTAs are designed
to promote the distribution of materials as well as the sus-
tainability of the repositories. For example, the KOMP re-
pository, the official archive and distribution centre for KOMP
at University of California (UC), Davis, uses an MTA based
closely on the UBMTA, which has not been ‘‘a major hurdle at
least from the KOMP perspective’’ [Consortium Director #5].

Standard terms that enhance the commons include attri-
bution of the resource or the donor in publications. Such
attribution is important for the long-term sustainability of
repositories, because it is a metric for utility of the resource
and directs new users to repositories, as users may want either
to reproduce mouse-model research or conduct novel re-
search on the same model. Ensuring attribution, however,
requires building goodwill with the user community, since
monitoring and enforcement are impractical.

We always ask for the originators to be acknowledged but we
are not policing that particular aspect of mouse usage. I
don’t think we can really. It’s all based on goodwill.we
don’t need much, we are not asking for co-authorship, just
say in the acknowledgements that the mouse was sourced
from [Repository] or was generated as part of [Consortium
project], that’s all. It would be nice to take that a step for-
ward and give a link to a website from where the mouse
could be sourced.Like the extremely useful IMSR, the In-
ternational Mouse Strain Resource [http://www.findmice
.org] [Repository Manager #1]

Generally there are differential access arrangements with
noncommercial researchers in academic institutions and com-
mercial researchers (Table 2; Supplementary Table S1). For
example, while JAX distributes freely to academic researchers, it
acts as a broker between depositors and commercial users. Other
repositories directly distribute to commercial entities or prohibit
distribution to commercial entities entirely (Table 2; Supple-
mentary Table S1). The KOMP MTA is unusual in its broad
applicability, including ‘‘research directed toward the discovery,
development or commercialization of therapeutic and diag-
nostic products.[of research institutions of commercial enti-
ties].whether or not resulting in patentable inventions and
whether or not published’’ (Knockout Mouse Project (KOMP),
Repository, 2013; Table 2; Supplementary Table S1). It only
excludes contract research defined as ‘‘fee-for-service conducted
for the benefit of a third party.’’ In contrast, the MTA used by
repositories to distribute resources of the European Conditional
Mouse Mutagenesis Program (EUCOMM), for example, allows
distribution only to noncommercial researchers.

The MTA issue with the EUCOMM mice is that they can’t be
distributed to the private sector.we were never able to
come up with an MTA that’s agreeable across EUCOMM
and KOMP. [Funder #1]

Industry can take the NIH KOMP mice but not EUCOMM
mice.Most of the resources made from the NIH resources

are not a problem because the way that project started out, is
that there was a mandate from NIH that these resources
would be made available under very simple MTA. Un-
fortunately, when EUCOMM started, it’s that the MTA al-
most became an afterthought.and they were multiple
countries, it was a European initiative. So the MTA is much
more restricted. [Consortium Director #1]

EUCOMM accounts for nearly half of the anticipated
IKMC resources and over 44% of the ES cells currently
available, excluding the Texas A&M Institute for Genomic
Medicine (TIGM) gene trap resource (Bradley et al., 2012).
Inability to access IKMC resources generated by EUCOMM
has frustrated industry representatives, which may have a
negative impact on the long-term sustainability of reposito-
ries. Without industry support and users, funding of infra-
structure to support the mouse research commons rests with
public funders. This hampers the development of business
plans for repositories based on engagement with both non-
commercial researchers and industry.

Someone from [Pharmaceutical Company] asked me whether
I could help him connect with EUCOMM because he had
been sending multiple emails asking for clones a couple
genes of interest. At first they said, ‘‘We’re working on
putting in place a process to provide these for profit’’ then
they stopped writing. He was frustrated with the lack of re-
sponse. Then I followed up on my end and they said that the
IP is so complicated that there’s no way at this point they can
provide access to full profit. So that door seems to be closed
at least for now. [Industry Representative #1]

The current MTA for the EUCOMM ES cells prohibits
[distribution to] for-profit organizations [for use in] in house
research program and develop drugs or treatments. Until
that is resolved we can do all the industry outreach we want,
we can get them as excited as we want. It’s important to have
industry engaged, but until the MTA issues are resolved, we
can’t actually facilitate industry goals because they can’t
access those lines. [Repository Manager #3]

There are, however, legal and structural differences
between European countries and the United States that
complicate industry relationships in the former. These com-
plications are magnified with the development and then dis-
tribution of high-throughput resources such as those of the
IKMC because of the complexity in methods and processes
required to construct the resource and the need to aggregate
the associated IPRs within the pipeline. It is very difficult to
identify all underlying IPRs to negotiate rights upfront (ex
ante). The risk is therefore of submarine patents held mainly
by small biotechnology companies or research institutions
where rights to use and associated royalties may need to be
negotiated once the valuable resource has already been cre-
ated and is ready for distribution (ex post). Restricting use by
distributing only to noncommercial entities, therefore, re-
duces the risk of patent infringement litigation, because it
reduces the value of the resource and the amount of royalties
that could be claimed by a submarine patent holder.

There are background IP issues in the tools we are using, which
might complicate the situation. Who is going to protect us, the
academic world, if a company tries to sue us? Some companies
wait until there is something going on of great value and then
they may come out of their holes. [Consortium Director #2]

In the United States, the contract from the NIH to develop
the KOMP resource was structured to shield the resource
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developers from patent infringement litigation. The powerful
legal tool most commonly used in defense contracts, known
as ‘‘Authorization and Consent’’ under the Federal Acqui-
sition Regulations, immunizes Federal Contractors from
patent infringement suits (Lavenue, 1995; US Government,
2013). It enables Federal contractors to utilize any invention
patented in the United States and substitutes the federal
government as defendant in the unlikely event a patentee still
wishes to pursue a claim of infringement.

Fortunately, the NIH has the authority to grant some waivers
to grantees to sort of protect them from litigation. Because
we’ve decided that those materials should be available to
commercial entities, we’ve extended those waivers to our
grantees, but the Europeans funders are not able to do that
apparently. So we still haven’t resolved that, which is a big
thing for us. We would prefer that the material produced in
Europe be available to all parties for the sake of research.
You can’t get into drug development unless you involve
commercial parties. [Consortium Director #4]

A further discrepancy between the KOMP and EUCOMM
MTAs is a ‘‘reach-through’’ clause, which is contrary to in-
ternationally recognized licensing best practices.

The EUCOMM-compliant MTA used by a production centre
must include a liability clause that indemnifies EuCOMM
(not a problem), must deposit modifications to a public re-
pository (also not a problem), and entails the production
centre’s institution to enforce reach-through on all modifica-
tions it distributes that provides a lifetime, royalty-free license
for academic and teaching purposes on behalf of Sanger [The
Wellcome Trust Sanger Institute; WTSI] and Helmholtz (the
original ‘owner’ of the ES cells) [Consortium Director #3]

Ironically, the ‘‘reach-through’’ clause is intended as an
extension of the practice of retention of rights for noncom-
mercial research purposes and could therefore be considered
as enhancing the pre-competitive research environment and
the mouse research commons. Nevertheless, the same criti-
cism applies to all reach-through clauses—that they extend
rights beyond what may fairly be attributed to the inventor/
originator of the materials. The clause entitles the resource
originator (the legal entity behind the repository for the
EUCOMM resource, the Helmholtz Zentrum Munchen) to a
worldwide, nonexclusive, royalty-free, sublicensable and
fully paid-up license to use, for noncommercial and teaching
purposes, any IPRs that arise from the recipient’s use of the
EUCOMM material. In other words, if the recipient develops
a drug based on its research using EUCOMM material, then it
must grant a license to the Helmholtz Zentrum Munchen on
the terms specified in the EUCOMM MTA. However, the
ability of repositories to monitor and then enforce this clause
is questionable, and its complexity and presence may serve as
a disincentive for potential users.

Differences in MTAs create administrative complexities
for repositories that distribute different resources under dif-
ferent terms. For example,

The EUCOMM MTA does not allow any supply from our
project to for-profit. The KOMP MTA allows [our project] to
distribute to for-profit but requires the requester to pay
US$15000 per clone to Regeneron through the KOMP reposi-
tory; not a simple or clear process. [Consortium Director #3]

On the practical side, rather than substantive content of
MTAs, participants described the problems from the use of

multiple MTAs between repository and receiver. They sug-
gested that a possible solution involves one blanket MTA to
facilitate material flows.

Timelines for academic institutions versus industrial insti-
tutions can be very different. The complaint was that it takes
sometimes too long as it can take months from the order until
the receipt of the clone. [Industry Representative #1]

Every time KOMP distributes a line to an investigator,
their institutional official has to sign an MTA. They can
download it from the website. It is already signed by our
institutional official but what the receiver needs to do is have
their institutional official sign it and send it in, and then we
can fulfill an order. But a second investigator totally unre-
lated to the first but at the same institution says, ‘‘my insti-
tution has already signed an MTA, I do not want to have to
have to sign it the second time.’’ So the fix is that if that
[receiving] institution has already signed it there is no need
to wait around to have that institutional official sign a second
time. [Consortium Director #5]

MTAs and exchange of materials within international
resource development consortia

Thus far, we have discussed MTAs amongst researchers,
and the flow of materials between researchers/resource gen-
erators and repositories. However, MTAs also play a role
within consortia and remain problematic in the context of
legal interoperability, discussed above when MTAs attach to
transferred materials and must then be adhered to for onwards
distribution by a partner repository to end-users. IMPC di-
rectors agreed that standard MTAs could optimize the
movement of materials and associated data between con-
sortium members. However, consortium directors described
operational challenges resulting from variable MTAs drafted
in jurisdictions within Europe, North America, Australia, and
Asia. They ascribed disagreements over MTAs to the risk-
aversive approach of institutional legal personnel, whom they
viewed as distanced from the realities of the consortium’s
operational needs.

We now have to deal with potentially thousands of MTAs,
which almost on its own would kill the system.But all the
MTA issues are not about people trying to make money or
trying to turn a profit. But the institutions have a fear of
responsibility and liability. The materials transfer officers
and the legal groups in these other countries are afraid that
they’ll leave something out and then they’re going to lose
their jobs. [Consortium Director #1]

The EUCOMM MTA is a particular challenge because
there are so many institutions involved.You unnecessarily
weigh too many people in on a project and all their insti-
tutions and then you have to agree on MTAs which is going
to be really a challenge.Once you get into institutional
differences with different tech transfer offices, legal depart-
ments and whatnot, you run into roadblocks from people who
are not [as] committed to a project as a PI might be.
[Consortium Director #4]

Participants agreed that project MTAs need standard terms
for overall efficiency. MTA volumes and related processing
labor could be reduced by standardization and single agree-
ments for multiple transfers between consortium members.
Participants differed, however, in their views on the chal-
lenges of coordination of materials distribution and pheno-
typing efforts in the IMPC. Some interviewees believed that
distribution challenges were adequately addressed, others felt
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varying MTAs added a layer of difficulty to growing de-
mands on the capacity of repositories to hold ES cells and
distribute them to phenotyping centers. However, at least
amongst consortium members, distribution challenges
seemed more related to practical challenges of managing a
global resource rather than MTAs.

So far distribution doesn’t seem to be a major problem.
We’re almost years into the project and we’ve been tracking
that, and it seems for our centres it’s working fairly
well.[Consortium Director #4]

The main nonscientific challenge for building resources on
the scale of the IMPC endeavour probably boils down to
coordination.to make sure that everyone is consistently
collecting data in the same way, in an interchangeable way,
handing that data the same way using the same types of
assays and procedures and processes, cataloguing it, up-
loading it to open resources and to assure that is all hap-
pening in a coordinated way so we’re not needlessly
duplicating efforts. [Funder #3]

Discussion

Legal agreements, including MTAs, play a central role in
the governance of research commons in support of pre-
competitive mouse model research. Such agreements are key
tools in incentivizing participation in research commons,
and, if appropriately managed, may encourage participation
and enhance the availability of data and materials for re-
search. Legal agreements may enhance the efficiency and
sustainability of commons by facilitating core actions of
contribution, use, and recontribution of research materials
and data, creating the required ‘‘network effect’’ (Bubela
et al., 2012; Schofield, et al., 2010). In this manner, legal
agreements should be supportive of funding agency policies
for data and materials sharing and should foster community
norms to enhance the commons. Indeed, funders and journals
play a pivotal role in incentivizing, monitoring, and enforcing
policies embodied in legal agreements that enhance the
commons (Box 1). Unfortunately, as shown in our empirical
study, legal agreements may instead cause frictional drag
within the system, requiring significant work-arounds for
transactional bottlenecks (Merges, 2011).

At the level of the community, complex MTAs and pro-
tracted negotiations by institutional actors, including TTOs,
frustrated the attempts of researchers to share materials with
colleagues. Community norms for sharing were strong in the
mouse model community but were balanced against con-
cerns about free-riders and academic/publication priority.
Researcher criticisms of MTA processes resonate with the
statement of a group of leading North American universi-
ties: ‘‘a specific MTA is not required when our investigators
and their research colleagues elsewhere are exchanging
nonhazardous or nonhuman biological materials for in vitro
research use’’ (University of British Columbia, 2009). The
UBC University Industry Liaison Office recommends the use
of MTAs only in specific circumstances, such as when the
giver requires an assurance of acknowledgment in publications
or when there are concerns as about confidentiality, revenue
from commercialization, and the involvement of third party
rights in the material (University of British Columbia, 2013).
TTOs recommended the use of standard agreements, such
as the NIH UBMTA or the SLA to enhance administrative
efficiency.

Biological repositories and databases also enhance effi-
ciency in the storage and dissemination of materials and data,
respectively. Repositories relieve the depositor of the burden
of sharing through a single deposit and management of on-
wards distribution to third parties. These resources therefore
represent essential infrastructure supportive of the research
commons, and their role is simplified through simple deposit
agreements that enable distribution on standard terms, espe-
cially to the nonprofit or academic research sector. Most re-
positories enable some variation in deposit terms, most
notably, restrictions on onwards distribution to for-profit
entities. Further variability in deposit terms, however, creates
legal interoperability issues since terms of deposit attach to

Box 1. Governance of Research Commons:

Key Lessons from Materials Sharing

in Mouse Genomics

� Research infrastructure, such as databases and bio-
repositories, requires effective governance to support
data and materials sharing within pre-competitive
public and private research initiatives that enhances
the translation of research into application.

� A myriad of data and materials sharing policies
exists, largely promulgated by public funding
agencies, but implementation and enforcement of
such policies remains problematic.

� Material Transfer Agreements (MTAs) are central
mediators in exchanges of data and materials and
should embody policies and guidelines that incentivize
data and materials sharing and foster related commu-
nity norms.

� Complex MTAs and protracted negotiations by in-
stitutional actors, including Technology Transfer
Offices, frustrate the sharing of materials and data
amongst researchers.

� Standard and simple agreements, such as the Na-
tional Institutes of Health Universal Biological
Materials Transfer Agreement or the Simple Letter
Agreement, decrease the administrative burden for
repositories, institutions, and researchers alike.

� Simplified procedures, such as those that enable the
distribution of reagents to multiple researchers
within an institution, also reduce transactional bot-
tlenecks.

� Reach-through rights are contrary to licensing best
practices because they increase transaction costs by
attaching obligations to derivatives and may even
require a recipient institution to enforce terms for
the benefit of the originator of materials and data.

� In general, it is contrary to best practices and good
governance of omics resources to insert terms in legal
agreements that create transactional bottlenecks and
that are unlikely to be monitored or enforced.

� Established large-scale resource generation projects,
repositories, and databases have the opportunity to
develop governance mechanisms, including stan-
dardized and simplified MTAs, that implement the
data and materials sharing policies of key funding
agencies, concurrently building capacity in research
management with partner or recipient institutions.
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terms for distribution. It is therefore crucial to develop
community norms for simplified terms of deposit, which are
easy to use for creators of research reagents.

Terms should be carefully analyzed with respect to their
ability to enhance the commons. For example, terms that
request attribution of the originator may incentivize deposit,
since the depositor is credited as the originator of the re-
source. This is in line with community citation norms for
academic publication, and attribution could be used by in-
stitutions and funders as a performance metric in the same
manner as a publication citation. Acknowledgement of the
source repository directs other researchers to the repository
and enhances visibility and profile, both important factors in
sustainability models for repositories. However, attribution
may be problematic in some circumstances if the obligation
reaches through to derivative products, leading to a phe-
nomenon called ‘‘attribution stacking.’’ This phenomenon
occurs when the blending of datasets or materials, especially
those licensed in a similar way, raises dilemmas about the
extent of citations required at the point of use or re-use of the
blended sets (Ball, 2012; Korn and Oppenheim, 2011).

One disincentive for deposits from the research commu-
nity, however, is that the cost of the deposit is most com-
monly borne by the researcher. Funding agencies could
incentivize deposit, therefore, by requiring specific line items
in budget covering the cost of deposit for resources generated
using public funds. Some repositories provide additional
incentives. For example, the KOMP Repository’s ‘‘Sharing
Plan’’ for academic researchers offers them up to 50% re-
funds on purchases of ES cells and chimeras. These refunds
are conditional on the users sending KOMP ‘‘at least two
germline-confirmed, heterozygous mutant male mice on a
congenic C57BL/6N genetic background’’ generated from
KOMP ES cells and chimeras. The mice must be repatriated
within 18 months to a year of purchase of the original ES cells
and chimeras, respectively (Knockout Mouse Project (KOMP)
Repository, 2013). The EMMA network offers free cryo-
preservation of mouse embryos and sperm via its funded re-
sources such as the Harwell FESA (FESA, 2013). The RIKEN
Bioresource (RIKEN BRC) in Japan is unusual in covering
shipping costs and offering depositors credits on future pur-
chases from the resource (RIKEN Bioresource, 2013).

In terms of distribution of research reagents by reposito-
ries, whether these be generated by individual research-
ers or by large-scale resource production centers, standard
and simplified legal agreements decrease the administrative
burden for repositories, research institutions, and researchers
alike. Simplified legal agreements facilitate distribution to
the research community, as well as the transfer or materials
between repositories and within research consortia like the
IMPC. Many authors have advocated for the use of simple
‘‘conditions of use’’ as alternatives to MTAs, such as those
used by JAX and the Canadian Mouse Mutant Repository
(CMMR) (Bubela et al., 2012; Schofield et al., 2009). Al-
ternatively, the terms of MTAs should be as simple as pos-
sible, such as the KOMP MTA based on the UBMTA. In
addition, standing reciprocal agreements for multiple inter-
institutional transfers may enhance distribution. For example,
the Harvard Stem Cell Institute (HSCI) enhanced distribution
by using one agreement for multiple transfers to a receiver
(McCormick et al., 2009). In practical terms, standard elec-
tronic MTAs are most amenable to rapid processing.

The most controversial issues raised by our interviewees
were distribution by repositories to for-profit entities, reach-
through rights, and restrictions on the use of materials, such as
the breeding of mice. On the latter issue, Schofield et al. (2009)
recommended that researchers be free to breed mice received
from repositories or engage in similar activities to derive novel
reagents. In terms of distribution to for-profit entities, JAX
serves as a model, acting as a broker for the distribution of
reagents to industry once an agreement is in place between the
depositor and the industry end-user (Einhorn and Heimes,
2009). Other repositories that distribute production-center re-
sources, such as KOMP, also enable distribution to industry.
This will likely enhance the sustainability of the resource,
which may generate a source of revenue through differential
pricing between nonprofit and for-profit entities. Establishing a
viable business model is essential for the long-term viability of
all repositories, which may not be able to rely on public funds
in the long term. In contrast, restrictions over repositories to
distribute EUCOMM resources to industry may jeopardize the
long-term viability of the resource.

Reach-through rights have been recognized in a number of
policy statements as being contrary to best practices for li-
censing (AUTM, 2007; OECD 2006). We argue that reach-
through is an inappropriate practice for all actors, including
publicly-funded repositories. Reach-through rights increase
transaction costs by attaching obligations to derivatives and
may even require a recipient institution to enforce terms for
the benefit of the resource originator. Such complexity delays
the negotiation of MTAs. Further, in practical terms, repos-
itories and academic institutions, in particular, have limited
resources to monitor and enforce MTAs. Indeed, searches of
legal databases indicate that globally there is virtually no
litigation (a sign of enforcement) of MTAs. Therefore, it is
contrary to best practices and contrary to good governance of
the commons to insert terms that create transactional bottle-
necks and that are unlikely to ever be monitored or enforced.

Finally, however, we acknowledge that the international
nature of large-scale bioresources adds a layer of complexity
to the negotiation of legal agreements, with different con-
tracting cultures coming into play. Different IP rules in dif-
ferent jurisdictions may impose some terms, and may
prevent distribution to for-profit entities. The NIH has a long
history of stepping in to negotiate transactional blockages,
evidenced by our discussion of Cre-lox and OncoMouse, for
NIH-supported researchers. It has an arsenal of tools ranging
from Acquisition and Consent in the Federal Acquisition
Regulations for government contractors (Lavenue 1995;
US Government, 2013), in this case, the production centers
for mouse reagents to March-in rights under Bayh-Dole
(Thambisetty, 2007:262) and compulsory licensing provi-
sions (Maybarduk and Rimmington, 2009; Reichman, 2009).
While a detailed analysis of these mechanisms is beyond the
scope of this article, it is important to note that absence of
such mechanisms in other jurisdictions may set limits on the
terms of distribution for resources, especially to industry, if
repositories are concerned about underlying IP used in the
generation of large-scale resources.

Conclusion

Legal agreements are the embodiment of policies to sup-
port the pre-competitive research environment in ‘‘omics’’
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fields. Effective design and management of legal agreements,
therefore, are essential for the efficient governance of the
research commons that includes essential infrastructure such
as databases and biorepositories. Our study of the mouse
research commons indicates that legal agreements, especially
MTAs, the deposit and distribution of research reagents
should be kept as simple and standardized as possible, es-
pecially since minimal capacity and resources exist to en-
force the terms of MTAs. Standardized MTAs and simplified
procedures, such as those that enable the distribution of re-
agents to multiple researchers within an institution, reduce
transactional bottlenecks and facilitate the creation of a vi-
brant and sustainable research commons.

Consortia, such as the IKMC and IMPC, and established
repositories, such as JAX, present an opportunity to develop
governance mechanisms, including standardized and simpli-
fied MTAs, that implement the data and materials sharing
policies of key funding agencies. These organisations engaged
in the research commons have the opportunity to lead by ex-
ample, concurrently building capacity in research management
with partner or recipient institutions, especially in academia.

The mouse research community represents not only a model
for research into human diseases, but also a model for the ef-
fective governance of research reagents. Biobanks for human
tissue and associated databases confront many of the same is-
sues, with the added layer of complexity of donor consent.
Lessons may, nevertheless, be taken from the mouse research
commons in the avoidance of bottlenecks that unnecessarily
complicate the flow of data and materials in the pre-competitive
research environment. Future research should focus on the
continued uptake and effectiveness of data and materials sharing
mechanisms within the mouse commons and their applicability
to other model organism and human research communities.
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