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Patents play an essential part in startups’ success, particularly those developing novel technologies. However,
novel technologies face an evolving regulatory context that can raise questions about the eligibility and
hence the validity of the granted rights (i.e. patent eligibility uncertainty). We study the effect of patent
eligibility uncertainty on startups’ ability to attract venture capital (VC) financing using the context of genomic
sequences. Since 1980, the United States Patents and Trademark Office (USPTO) has allowed patents on
nucleotide sequences—the building blocks of the genome. This practice was disturbed in 2010 when the
court system intervened in The Association for Molecular Pathology v. Myriad Genetics. Between 2010 and
2013, the lower courts issued a series of contradictory rulings based on inconsistent legal reasoning, creating
uncertainty about the patent eligibility of thousands of granted patents on nucleotide sequences. We exploit
this intervention to investigate the effects of patent eligibility uncertainty on VC investments in new biotech
ventures. The court system’s intervention motivates a quasi-experimental approach that allows us to show
the negative impact of patent eligibility uncertainty on VC investments in startups owning affected patents.

JEL Classification: O34, O38, G24

1. Introduction

Pivotal to innovative activity and economic dynamism, startups are among the patent system’s
prominent beneficiaries (Graham et al., 2009; Haltiwanger, 2012). Lacking track records, tangible
resources, and revenue streams, startups contend with information problems that foreclose
access to external capital to develop their innovations (Hubbard, 1998; Stuart et al., 1999). The
patent system can rescue startups from these capital constraints by not only safeguarding their
innovations but also helping them resolve the endemic information asymmetries hindering their
capital-raising activities (Long, 2002; Arora and Merges, 2004; Haeussler et al., 2014; Hall, 2019).
Specifically, a wealth of evidence shows patents’ crucial part in enabling startups to attract venture
capital (VC) funding (Hsu and Ziedonis, 2013; Hegde and Luo, 2018; Farre-Mensa et al., 2020).

Although the patent system ameliorates startups’ information imperfections, it raises other
concerns, chiefly unclear property rights (Farrell and Merges, 2004; Shapiro, 2004). It is expected
to grant patents with a well-defined domain and enable inventors to enforce their rights to exclude
others from putting their ideas into practice (Orsi and Coriat, 2005; Williams, 2017), thereby
allowing startups to fill resource deficits (Hegde et al., 2022). However, it tends to allow patents
whose domain is often indeterminate, making patents susceptible to legal attacks and threatening
post-grant invalidation in courts (Arora and Merges, 2004; Hall and Harhoff, 2004; Lemley and
Shapiro, 2005). That susceptibility is particularly high in nascent industries that build on scientific
advances to spawn novel technologies (e.g. genetic engineering in the 1970s and, more recently,
artificial intelligence)—domains populated by startups (Gans and Stern, 2003).
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56 S.V. Devarakonda and V. Chila

In this regard, novel technological domains face an evolving regulatory context that raises
questions about the patent eligibility of those domains (Gao and McDonald, 2022; Contigiani,
2023). Patent eligibility uncertainty looming over new technologies can cast a long shadow
over the validity of the granted patent rights, threatening startups’ resource assembly efforts.
For example, Arora and Merges (2004) contend that strengthened intellectual property rights
support information-intensive exchanges by safeguarding the suppliers of new inventions, thus
encouraging the entry of small firms and shifting the locus of innovation investments to such
firms. Nonetheless, in many knowledge-intensive sectors, venture capital investments are crucial
in startups to bring innovative ideas to market by lowering the entry barriers (Florida and
Kenney, 1988; Lerner and Nanda, 2020). Second, strengthened IPR regimes often correspond
to the expansion of eligibility of the range of protected “inventions” (Orsi and Coriat, 2005;
Coriat et al., 2006). However, we lack a systematic understanding of the degree to which patent
eligibility uncertainty surrounding novel technologies affects the flow of capital to startups—
an understanding crucial to the formulation of appropriate entrepreneurial strategies and policy
(Taylor, 2019; Gao and McDonald, 2022; United States Patent and Trademark Office, 2022).

This paper evaluates the impact of patent eligibility uncertainty on startups’ ability to attract
VC funding. We expect that uncertainty about patent eligibility casts doubts on the enforceability
of patents, thus dissuading VCs from investing. When evaluating the impact of patent eligibility
uncertainty on the likelihood of startups receiving VC funding, two empirical hurdles stand in
our way. The first hurdle is that the subject matter and scope of patents are not easy to gauge
empirically (Williams, 2017). Hitherto, efforts to measure scope have relied on classification
schemes, claims count, and text length as proxies, yielding valuable insights into the economic
effects of patent scope (Lerner, 1994; Marco et al., 2019; Hegde et al., 2022; Wagner et al.,
2022). However, these broad-brush measures ignore the content of the claims, a necessary factor
for ascertaining patent eligibility. The second hurdle is related to selection concerns. If patents
with indefinite claims or high commercial value are more likely to be challenged legally, then the
measured differences in the VC funding outcomes may reflect these inherent differences (Allison
and Lemley, 1998; Lemley, 2000; Shapiro, 2004; Allison et al., 2009; Martinelli and Mazzei,
2025).

The biopharmaceutical industry offers an opportune setting to tackle these hurdles through a
quasi-experimental approach. Biopharmaceutical startups have been able to rely on VC funding
to invest in scientific research, and VCs have been able to rely on patent protection to fund the yet-
to-be-profitable nascent firms. The sector made rapid strides with the advent of genomics-based
technologies, heralding new therapies and diagnostics (Williams, 2013; Sampat and Williams,
2019). Beginning in the mid-1980s, the United States Patents and Trademark Office (USPTO)
followed a policy of issuing patents on nucleotide sequences—i.e. the building blocks of the
genome (Doll, 1998; United States Patent and Trademark Office, 2001). To facilitate this, the
USPTO also instituted special disclosure requirements for nucleotide sequences (Patent and
Trademark Office, 1990). The stability of this policy was upended in 2010 by the litigation
between The Association for Molecular Pathology (AMP) and Myriad Genetics, putting in doubt
the scope of several thousand patents held by numerous biopharmaceutical firms. Over 3 years,
between 2010 and 2013, courts were divided in their opinion regarding the validity of claims
on nucleotide sequences. These contextual features help us in the following way. We utilize the
special disclosure requirements established for genomic sequences to overcome the subject matter
hurdles to measuring patent eligibility uncertainty. We exploit the court rulings in AMP v. Myriad
Genetics as a plausible exogenous intervention to implement a differences-in-differences (DiD)
design.

We assemble a comprehensive dataset of 3601 VC-backed and non-VC-backed startups in the
biopharmaceutical sector founded between 1996 and 2013. We joined data on patents and patent
claims from USPTO with data on VC funding from VentureXpert and Crunchbase. Using text-
and LLM-based methods, we analyzed patent claims to identify startups’ patents on nucleotide
sequences, which we then used to construct measures of patent eligibility uncertainty. We link
these measures to the likelihood of a startup receiving VC funding before and after judicial rulings
embroiled the validity of nucleotide patents in uncertainty. Our analyses show that uncertainty
regarding the validity of nucleotide patents negatively impacted the startups’ ability to raise
funds from VCs between 2010 and 2013 relative to the likelihood before 2010. Further analysis
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Patent eligibility uncertainty and VC financing 57

disaggregating the litigation time window (2010–2013) suggests that the negative effects were
the strongest when the Supreme Court considered an appeal of the lower court’s decision. These
results are robust to several alternative specifications.

This paper complements prior work that examines the impact of intellectual property (IP) rights
on early-stage firms (Gans et al., 2008; Hsu and Ziedonis, 2013; Gaulé, 2018; Hegde and Luo,
2018; Farre-Mensa et al., 2020; Hegde et al., 2022) by paying attention to the probabilistic nature
of patent scope and its implications for startups (Lemley and Shapiro, 2005). In this respect,
our work departs from previous research that focused on the effects of pre-allowance patent
scope uncertainty on startups by explicating the post-grant patent eligibility uncertainty, which
gets resolved only when the last court has its say (Gans et al., 2008). Inasmuch as the patent
system does not grant absolute rights to inventors, uncertainty surrounding the claims can have
substantive value implications for firms, particularly startups (Galasso and Schankerman, 2015).
However, there is a dearth of studies informing us about the extent of this impact. This scarcity
is a crucial gap because the negative impact on the financing of startup innovation is promoted
as a reason for preserving the validity of claims.1 Our findings take a step towards supplying the
evidence to evaluate these reasons advanced regarding the harmful effects on startups.

2. Background

Patents play an essential role in the success of startups in many technology-intensive industries.
Patents bestow property rights to the owners to exclude others from implementing and profiting
from their ideas (Spulber, 2015). They delineate the domain and scope of applications over which
the owners enjoy exclusion rights through the claims crystalized at allowance (Freilich, 2015). In
addition to boosting startups’ revenues and precluding the imitation of their novel ideas (Hegde
et al., 2022), patents can alleviate information asymmetries that impede access to debt and equity
capital (Hsu and Ziedonis, 2013; Haeussler et al., 2014; Hochberg et al., 2018). These services
of patents are rooted in their capacity to convey not only information but also property rights
about a startup’s innovations without ambiguity (Hegde and Luo, 2018). The capacity of patents
to deliver these services is undercut insofar as the validity of patent claims is not assured. Because
the validity and scope can be tested in courts, the rights attached to them are not certain but
probabilistic (Lemley and Shapiro, 2005).

Uncertainty about patent rights can be traced back to their statutory origins. Patent rights
vanish in part or in entirety if the judicial system finds that the claims fail to meet the statutory
conditions enshrined in Title 35 of the U.S. Code (U.S.C. 35). This title of the U.S. Code lays out
four conditions determining the patentability of a new idea. The first condition (section 101 of
U.S.C. 35) defines the subject matter eligibility for a patent. Inventions that satisfy this eligibility
criterion must also specify a substantial use as well as fulfill three other conditions to attain
patentability. These follow-on conditions are novelty (section 102 of U.S.C. 35), non-obviousness
(section 103 of U.S.C. 35), and adequate disclosure (section 112 of U.S.C. 35). The validity of a
patent’s claims can be challenged on any of these four grounds.

Whereas validity challenges routinely arise from issues related to novelty and obviousness,2

subject matter eligibility challenges surface a unique set of concerns for the patent system as a
whole. Subject matter eligibility represents a threshold test all inventions must pass before novelty
and non-obviousness tests apply. The eligibility statute expresses a broad intent regarding the
subject matter, stating that:

Whoever invents or discovers any new and useful process, machine, manufacture, or composition
of matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to
the conditions of the requirement of this title. (Legal Information Institute, 2022)

In line with the legislative intent, the Supreme Court of the United States construed this statute
broadly to include “anything under the sun made by man.”3 Nevertheless, the court has qualified

1 133 S. Ct. 2107. Association for Molecular Pathology v. Myriad Genetics 569 U.S. 576 (No. 12–398).
2 98 S. Ct. 2522. Parker v. Flook 437 U.S. 583 (No. 77–642).
3 100 S. Ct. 2204. Diamond v. Chakrabarty 447 U.S. 303 (No. 79–136).
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58 S.V. Devarakonda and V. Chila

this broad interpretation by carving out three exceptions. These exceptions exclude the eligibility
of laws of nature, physical phenomena, and abstract ideas. In support of these rules, it has also
formulated tests that assist patent examiners as well as lower courts in ascertaining subject matter
eligibility.4

As human ingenuity and scientific advances have opened up new technological domains,
they have also raised questions about whether these new domains fall within or outside the
limits of eligible subject matter (Kortum and Lerner, 1999). To the extent that precedent offered
inadequate guidance to answer the eligibility question, the court system has stepped in to supply
additional hints. Over the past 50 years, several landmark Supreme Court rulings have led to
either narrowing or expanding the eligible subject matter.

Taking an expansive view of the eligibility statute, one of the consequential rulings that created
a foundational precedent for biological material is Diamond v. Chakrabarty. The USPTO had
rejected Dr. Chakrabarty’s claims on a genetically modified bacterium that can break down
crude oil, citing the “product of nature” exception. The Supreme Court, however, ruled that the
new bacterium Chakrabarty developed was “markedly different” from those found in nature. In
so doing, the apex court expanded the scope of the subject matter eligible for patenting in the
domain of biological material to include genetically modified material. Through this precedent,
the apex court established a pathway for patent-eligibility inquiry of new inventions in the
biopharmaceutical industry.

2.1 Genomic sequences

The biopharmaceutical sector owes its origins to basic science breakthroughs that illuminated the
biological processes at the molecular and cellular levels. Preeminent among these advancements is
deciphering the structure of deoxyribonucleic acid (DNA), the blueprint directing the biochemical
mechanisms of life. The sector received a substantive boost with the development of techniques
enabling scientists to modify and learn about the composition of DNA (Collins, 1999; Roberts,
2001). These advances ushered in the fields of genetics and genomics that opened new avenues
for diagnosing diseases before their onset, optimizing treatments based on patients’ metabolic
makeup, and developing new therapies (Emilien et al., 2000). These possibilities attracted
tremendous commercial interest, attracting VCs to invest in genetics and genomics-based startups
(Cohen, 1997).

This new breed of firms focused on developing technologies linked to genes. Genes are regions
within the DNA that carry the information necessary to perform elementary life processes, such
as protein synthesis with the help of ribonucleic acid (RNA). The DNA and RNA are composed
of only five basic units called nucleobases, popularly known by their initials A (adenine), T
(Thymine), G (Guanine), C (Cytosine), and U (Urasil). These basic units combine to form
nucleotides, the building blocks of DNA and RNA. Essentially, the arrangement of the nucleotides
constitutes the genetic code. While some nucleotide segments of the DNA encode proteins, others
perform a regulatory function. Those nucleotide sequences that encode are called exons, and
those that do not are called introns. From genomic DNA sequence (gDNA) occurring naturally,
the introns can be cut out and the exons stitched together to create a synthetic nucleotide
sequence of only protein-encoding exons. The synthetic nucleotide sequence so created is known
as complementary DNA (cDNA). The emergence of several technologies that enabled scientists
to locate, isolate, and recombine nucleotide sequences led to the creation of intellectual property
covering the sequences, their therapeutic, diagnostic, and analytic applications (Cook-Deegan and
Heaney, 2010).

2.2 Patent eligibility of genomic sequences

Following the Supreme Court’s Diamond v. Chakrabarty ruling, the USPTO started granting
patents to nucleotide sequences in the 1980s. Pioneers of the US biotechnology industry were the
beneficiaries of these grants. For example, two of the earliest patents were granted to Genentech
for a sequence coding the first 24 amino acids of the Human Growth Hormone and to Amgen for
a sequence coding for Erythropoietin, the hormone responsible for the production of red blood
cells.

4 93 S. Ct. 253. Gottschalk v. Benson 409 U.S. 63 (No. 71–485).
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Patent eligibility uncertainty and VC financing 59

Although the USPTO did not explicitly issue examination guidelines regarding nucleotide
sequences, it espoused a position in favor of such patents. In 1990, it changed its regulations
specifying the disclosure of nucleotides and amino acid sequences in patent applications to
achieve standardization and submission in a computer-readable format (Patent and Trademark
Office, 1990). Indicating USPTO’s stance towards DNA patents, John Doll, the director of the
Biotechnology Examination practice at the USPTO, drew a parallel between DNA inventions
and polymer chemistry inventions in the 1960s to argue against the need for special legislation
to regulate genomic patents. Further, he offered the following rationale in support of granting
patents to DNA sequences:

As DNA sequences are typically isolated and purified manufactures or compositions of matter
under U.S. law; in other words, products of human ingenuity ‘having a distinctive name,
character, [and] use’, they are patentable subject matter in the United States. (Doll, 1998, p.
689)

The policy position of the USPTO is further affirmed by its responses to comments on new
examiner guidelines issued in 2001. The USPTO rejected proposals to eschew granting patents to
genes on grounds of the “product of nature” exception. The USPTO responded that:

An isolated and purified DNA molecule that has the same sequence as a naturally occurring
gene is eligible for a patent because (1) an excised gene is eligible for a patent as a composition
of matter or as an article of manufacture because that DNA molecule does not occur in that
isolated form in nature, or (2) synthetic DNA preparations are eligible for patents because their
purified state is different from the naturally occurring compound. (United States Patent and
Trademark Office, 2001, p. 1092)

In addition, it also rejected suggestions to seek Congress’ guidance on this matter by relying on
the Supreme Court’s interpretation of subject matter eligibility in Diamond v. Chakrabarty:

... the intent of Congress with regard to patent eligibility for chemical compounds has already
been determined: DNA compounds having naturally occurring sequences are eligible for patent-
ing when isolated from their natural state and purified, and when the application meets the
statutory criteria for patentability. (United States Patent and Trademark Office, 2001, p. 1093)

The most formidable challenge to this position arrived when AMP challenged the validity of
breast cancer gene patents granted to Myriad Genetics.

2.3 AMP v. Myriad Genetics

Myriad Genetics (Myriad), founded in 1991, was one of the pioneering startups that commercial-
ized genetic diagnostic technology. Myriad was the co-assignee of several patents with claims on
nucleotide sequences and associated diagnostic methods tied to genes popularly known as BRCA1
and BRCA2. The inventors of these patents have been able to link mutations of these genes to an
elevated risk of breast and ovarian cancers. Based on these patents, Myriad was able to not only
set up a vast network of clinical centers offering diagnostic services but also bring infringement
lawsuits against potential competitors offering similar services.

In 2009, AMP and others filed a lawsuit in the Southern District of New York (SDNY)
challenging seven of Myriad’s patents for subject matter eligibility. Table 1 lists the contested
claims and patents. The subject matter of these patents relates to isolated nucleotide sequences of
gDNA and cDNA, as well as methods that compare nucleotide sequences for diagnosis. However,
the question before the courts focused only on the validity of the claims on nucleotide sequences.
This lawsuit was the first of its kind contesting the validity of nucleotide sequence patents. In early
2010, the SDNY issued a summary judgment invalidating the claims of all seven of Myriad’s
patents AMP had challenged. Citing Diamond v. Chakrabarty, the SDNY held that Myriad’s
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60 S.V. Devarakonda and V. Chila

Table 1. Myriad genetics’ patents and claims challenged in court

Patent
(Claims) Grant year Title

5747282
(1,2,5,6,7,20)

1998 17Q-linked breast and ovarian cancer susceptibility gene

5837492
(1,6,7)

1998 Chromosome 13-linked breast cancer susceptibility gene

5693473
(1)

1997 Linked breast and ovarian cancer susceptibility gene

5709999
(1)

1998 Linked breast and ovarian cancer susceptibility gene

5710001
(1)

1998 17Q-linked breast and ovarian cancer susceptibility gene

5753441
(1)

1998 17Q-linked breast and ovarian cancer susceptibility gene

6033857
(1,2)

2000 Chromosome 13-linked breast cancer susceptibility gene

Table 2. Key events in association for molecular pathology v. Myriad Genetics

Date Venue Event

May 2009 SDNY AMP filed a complaint against USPTO and Myriad Genetics.
March 2010 SDNY SDNY issued a declaratory judgment invalidating Myriad Genetics’ patents.
July 2011 CAFC Overturned SDNY judgment.
April 2012 SCOTUS Vacated the CAFC decision and remanded the case to CAFC.
August 2012 CAFC Affirmed the original CAFC decision.
June 2013 SCOTUS Ruled that cDNA is patent-eligible but not gDNA.

cDNA, complementary DNA; CAFC, Court of Appeals for the Federal Circuit; gDNA, genomic DNA; SDNY, Southern
District of New York.

claims fall within the product of nature exception of U.S.C 35§101 and reasoned that isolated
nucleotide sequences are not “markedly different” from natural nucleotide sequences.5

Myriad appealed the SDNY’s decision to the Court of Appeals for the Federal Circuit (CAFC),
which has been regarded as “pro-patent” (Hou et al., 2022). In 2011, the CAFC sided with Myriad
and overturned the SDNY’s decision to invalidate Myriad’s patents on nucleotide sequences.6 On
appeal, the Supreme Court vacated this decision and remanded the case to the CAFC.7 After the
CAFC had reaffirmed its original decision,8 the Supreme Court reviewed the case and issued a
final ruling in 2013 partly invalidating Myriad’s claims.9 Table 2 shows the timeline, and Table 3
provides an overview of the judgments.

Mirroring the courts’ divided views, industry participants were also disunited regarding the
potential implications of a decision one way or the other. While some sided with Myriad’s position
(e.g. Gilead Sciences, Elan, Kane Biotech), others (e.g. GeneDx, Invitae) raised concerns about
the chilling effect a ruling in favor of Myriad could have on academic and commercial research
laboratories developing diagnostics and therapies based on emerging genomic technologies.
Myriad Genetics took an aggressive approach in licensing its patents, threatening research
laboratories with cease-and-desist letters, thereby stymying the development of innovations based
on genomic technologies (Orsi and Coriat, 2005; Eisenberg, 2006; Gold and Carbone, 2010).

5 702 F. Supp. 2d 181 (S.D.N.Y. 2010). Association for Molecular Pathology v. United States Patent and Trademark
Office.

6 653 F. Supp. 3d 1329 (C.A. Fed. 2011) Association for Molecular Pathology v. United States Patent and Trademark
Office.

7 132 S. Ct. 1794. Association for Molecular Pathology v. Myriad Genetics 566 U.S. 902 (No. 11–725).
8 789 F. Supp. 3d 1303 (C.A. Fed. 2012) Association for Molecular Pathology v. United States Patent and Trademark

Office.
9 133 S. Ct. 2107 (2013) Association for Molecular Pathology v. Myriad Genetics 569 U.S. 576 (No. 12–398).
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Patent eligibility uncertainty and VC financing 61

Table 3. Myriad genetics’ patents: court rulings

Patent
(Claims) SDNY CAFC SCOTUS

5747282
(1,2,5,6,7)

Invalid Valid
(1,2,5,6,7)

Partly invalid

5837492
(1,6,7)

Invalid Valid Partly invalid

5693473
(1)

Invalid Valid Partly invalid

5709999
(1)

Invalid Invalid

5710001
(1)

Invalid Invalid

5753441
(1)

Invalid Invalid

6033857
(1,2)

Invalid Invalid

SDNY, Southern District of New York; CAFC, Court of Appeals for the Federal Circuit.

A striking feature of this litigation is the variation in not only the rulings but also the legal
reasoning underpinning them. For instance, while the SDNY ruled that nucleotide sequences,
isolated or synthesized, do not meet the threshold of distinctiveness criterion established by the
Supreme Court in Diamond v. Chakrabarty (100 S. Ct. 2204 1980), the CAFC determined that
isolated and synthesized sequences are “chemically different” from those naturally occurring
and hence eligible for patenting. Furthermore, the CAFC was reluctant to add new exceptions
to subject matter eligibility where “settled expectations and extensive property rights are
involved.”10 It considered the potential uncertainty that might befall the biotechnology industry
and reasoned that:

The settled expectations of the biotechnology industry—not to mention the thousands of
issued patents—cannot be taken lightly and deserve deference. This outpouring of scientific
creativity, spurred by the patent system, reflects a substantial investment of time and money
by the biotechnology industry to obtain property rights related to DNA sequences. The type
of fundamental alteration in the scope of patentable subject matter argued in this case ‘risk[s]
destroying the legitimate expectations of inventors in their property.’

Disregarding the settled expectation rationale of the CAFC, the Supreme Court ultimately held
that gDNA sequences are ineligible, but synthesized cDNA sequences are eligible subject matter
for patenting.11

In sum, the disagreement in the decisions and underlying rationales left the industry in limbo
(Genentech et al., 2013; Pharmaceutical Research and Manufacturers of America, 2013). The
lack of convergence in how the court system ruled also did not offer consistent guidance for
revising expectations until the last court of the land spoke. In the intervening period, uncertainty
prevailed as to whether the eligibility statute permitted patent grants on nucleotide sequences.
Given that the case triggered an abrupt departure from the USPTO’s established practice of over
thirty years, the validity of nucleotide sequence patents granted to numerous startups was mired
in doubt during the interregnum. Taking this uncertainty into account, we expect an adverse
impact on VC investments in biopharmaceutical ventures that fall within the ambit of this
litigation.

10 117 S. Ct. 1040 (1997) Warner Jenkinson Co., Inc. v. Hilton Davis Chemical Co. 520 U.S. 17 (No. 95–728).
11 The then Acting Solicitor General, Neal Katyal, pointed out that the general view at the time had been a nine to

zero ruling favoring Myriad Genetics (Katyal et al., 2021).
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3. Methods

3.1 Data

The central concern of this paper is to investigate the effects of patent eligibility uncertainty on the
venture capital funding of startups in the biopharmaceutical sector. For this purpose, we linked
several datasets to create a monthly panel of new firms founded in the sector between 1996 and
2013. In this timeframe, fundamental scientific advances such as the revelation of the human
genome sequence and the discovery of microRNAs and RNA interference opened new avenues
in therapeutics and diagnostics (Hannon, 2002; Opalinska and Gewirtz, 2002; Million, 2006).
These breakthroughs propelled the sector to make rapid strides, proliferating the entry of new
firms and attracting venture capital investments (Bradford, 2003; Lee and Dibner, 2005; Huggett,
2012).

Our primary data for constructing the panel came from the directory of new biopharmaceutical
firms supplied by BiopharmaGuy, a database service specializing in tracking biotechnology and
pharmaceutical companies worldwide.12 This directory provides basic demographic information
on startups, including name, location, founding year, website, and business description.13 We also
obtained and cross-validated the founding dates of the firms by consulting business registrations
with the Secretaries of State and Open Corporates database.14 We applied several filters to
determine our sample firms. Narrowing down on startups incorporated in the United States,
we considered all biotechnology and drug discovery startups (e.g. small molecules, biologics,
diagnostics, genomics, vaccines, cell therapy, and gene therapy) but excluded medical device firms,
contract manufacturing, and research organizations. We focused on startups incorporated in the
U.S. for two main reasons: (i) startups tend to file their patents with the USPTO owing to the size
and importance of the domestic market to their business operations (Acemoglu and Linn, 2004)
and (ii) it is cost efficient to file for patents in a single jurisdiction (Hall and Helmers, 2019). After
screening out spin-offs and joint ventures, tracking down name changes, and dropping duplicates,
our final sample contained 3601 startups and 309,796 firm-month observations.

We obtained data on venture capital funding events for our sample firms from Thomson’s
VentureXpert and CrunchBase (Kaplan and Lerner, 2017).15 Drawing on these two datasets
widens the coverage of firms receiving venture capital investments. In addition to VC investments,
we also gathered initial public offering (IPO) and acquisition dates by cross-referencing multiple
sources: Compustat, Crunchbase, Securities Data Corporation’s IPO dataset, and the IPO
data compiled by Jay Ritter.16 We also tracked grants received by startups from government
organizations, viz., Small Business Innovation Research (SBIR) and the National Institutes of
Health (NIH) (Zhao and Ziedonis, 2020; Dutta et al., 2022). Using firms’ names and locations,
we manually matched firms in our dataset to the grants data retrieved from SBIR17 and NIH.18

We drew data on patents from the USPTO PatentsView platform.19 This platform provides us
with data on assignees, bibliography, classification under the Cooperative Classification Scheme
(CPC), and claims. We used standard string-matching procedures to match firms in our sample
to patent assignees and manually accounted for spelling errors and name changes.

3.2 Empirical approach

We took a quasi-experimental approach to implement a DiD design. This approach requires us to
identify a treatment group and a treatment window. To do so, we relied on two chief features of
AMP v. Myriad Genetics: (i) the subject matter under dispute and (ii) the court system’s rulings on
the disputed patents. We exploit the former feature to distinguish the subset of startups impacted
by the ruling in this case and the latter to mark the treatment span.

12 www.biopharmaguy.com
13 Biopharmaguy updates the directory by adding new firms and deleting defunct firms. We use the comprehensive

list of firms for constructing our dataset. We also retain the date around which a firm has gone defunct.
14 www.opencorporates.com
15 www.crunchbase.com
16 https://site.warrington.ufl.edu/ritter/ipo-data/
17 www.sbir.gov
18 www.report.nih.gov
19 www.patentsview.org
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The disputed subject matter is the patent eligibility of nucleotide sequences. We demarcated our
treatment group based on the composition of the patent portfolios of the startups in our sample.
Determining whether patents in a startup’s portfolio make claims on nucleotide sequences allows
us to ascertain whether and to what extent the startup was affected by the ruling on Myriad’s
disputed patents. To make this determination, we take advantage of the USPTO’s guidelines on
drafting claims on nucleotide sequences promulgated in 1990, as well as the USPTO’s dataset on
examiner decisions on patent application claims. We offer more details in the variables section.

The litigation timeline laid out earlier enables us to bracket the treatment window. The SDNY’s
original decision invalidating Myriad’s claims on nucleotide sequences perturbed the intellectual
property landscape of the industry. The decision not only called into question the USPTO’s
practice of granting nucleotide patents but also cast doubts on the scope and validity of patents
making similar claims. Acknowledging the IP turmoil triggered by the decision, the opinion of
the CAFC cites “settled expectations” and “reliance interests of the patent holders” as reasons
for reversing the lower court’s decision. These conflicting opinions and the subsequent review
granted by the Supreme Court imposed uncertainty (American Bar Association, 2013; National
Venture Capital Association, 2013). Accordingly, we consider the time window starting from the
SDNY’s original decision and ending with the Supreme Court’s ultimate verdict as the treatment
period.

3.3 Variables

Dependent variable. We explain the impact of patent eligibility uncertainty on the likelihood
of a biotech venture obtaining funding from venture capital firms. To test the hypothesis, we
constructed a binary variable VC funding, which equals one if a VC funding event occurs for a
startup in a given month.

Explanatory variables. The variable of interest capturing the period over which uncertainty
regarding patent eligibility prevailed is the binary indicator SDNY-SCOTUS interval. This
variable equals one for all firm-month observations falling between April 2010 and June 2013, i.e.
the time interval between the SDNY’s initial ruling and the Supreme Court’s final verdict. For all
other firm-month observations outside this interval, SDNY-SCOTUS interval switches to zero. We
also disaggregated this interval into four sub-intervals that mark key decisions during the duration
of the litigation, as shown in Table 2. The sub-interval indicated by the dummy SDNY-CAFC
marks the period between the initial SDNY decision and the reversal by the CAFC (04/2010–
07/2011). The sub-interval indicated by the dummy CAFC1 marks the period after the CAFC’s
reversal and the SCOTUS’ remand (08/2011–04/2012) (CAFC1); The sub-interval indicated by
the dummy CAFCr marks the period between SCOTUS’ remand and the CAFC’s affirmation of
its decision (05/2012–08/2012). The final sub-interval indicated by the dummy CAFC2 marks the
period between the CAFC’s affirmation and the SCOTUS final decision 09/2012–06/2013. This
disaggregated analysis allows us to better understand the impact of litigation on VC financing of
biotechnology ventures.

The next set of variables tracks the extent to which the dispute between AMP and Myriad
Genetics impacts a biotech venture. Because this litigation raised questions about the eligibility
of patents on gene sequences, we measured this impact in multiple ways using patents that made
claims on nucleotide sequences, the fundamental building blocks of the genome.20 Specifically,
we considered the number of impacted patents, labeled Nucleotide patents, and the number of
impacted claims, labeled Nucleotide claims (Marco et al., 2019). Constructing these measures
necessitates identifying patents tied to nucleotide sequences. To do this, we relied on patent
claims and patent classification scheme definitions. For all the patents in our dataset, we compiled
information on the independent claims as well as the comprehensive patent classification codes
under the Cooperative Patent Classification Scheme (CPC). We implemented a three-step process
to demarcate nucleotide sequence patents.21

In the first step, we filtered patents claiming nucleotide sequences. The input for this step is
the text of patent claims. Using the text of the claims, we could identify patents involving claims
on sequences because the USPTO established a standardized format for describing nucleotide

20 Genes are a sequence of nucleotide base pairs.
21 We provide an illustration in the Appendix.
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sequence data submitted as a part of patent applications (Patent and Trademark Office, 1990,
p. 18230). Effective October 1, 1990, USPTO regulations require all new patent applications
and continuations-in-part to list the disclosed nucleotide sequences in an application under
“Sequence Listing”and assign a separate identifier labeled “SEQ ID NO:”. This way of identifying
sequences has also been used by Jensen and Murray (2005) and Sampat and Williams (2019).
We complemented this approach with machine learning techniques based on large language
models (LLMs). We exploited a USPTO dataset summarizing the events in the prosecution
of patent applications filed between 2013 and 2016. This dataset flags the claims that were
rejected under the Myriad decision. We used the claims text and the examiner decisions in this
dataset to train a classification model that uses the DISTILBERT model—a distilled version of
the Bidirectional Encoder Representations from Transformers (BERT) model, a popular open-
source LLM framework. We followed the standard protocol of creating three separate datasets
for training, evaluation, and testing to prevent data leakage across various stages of training and
testing. After eight training epochs, our model achieved an F1 score of 0.71.22 Armed with this
model, we classified the independent claims of the patents in our dataset and pooled them with
those identified by the SEQ ID tag.

In the second step, we implemented a routine to separate composition patents. While the first
step allowed us to identify patents making claims related to nucleotides, the claim can be on the
sequence itself, a process, or a method involving the sequence. We took this step because the focal
question in the Myriad case was the patent eligibility of sequences. From the claims identified in
the first step, we focused on the independent claims of the patent and verified whether the claim
was linked to a sequence and not to a process or a method.

In the final step, we turned to the CPC classification codes of the patents. CPC classification is
a hierarchical scheme with four nested levels. We extracted the fourth hierarchical level, termed
“Main Group,” for all the classification scheme codes attached to a patent.23 We then consulted
the definitions for each of the main groups to ensure that at least one of the main groups
defines nucleotide or protein sequences as the subject matter: C07K14, C07K16, C12N09, and
C12N15.24 An impacted patent must pass all three steps above.

Control variables. We constructed control variables related to the likelihood of receiving
venture capital financing. The first control variable, Age, is the number of months since founding.
We also included Age squared, the quadratic term of Age, to account for its nonlinear effects.
We controlled for the following characteristics of the patent portfolio of the venture: (i) size,
measured by the number of patent applications applied before the panel date after applying an
annual depreciation rate of 16% and labeled as Depreciated Patent stock (Bessen, 2008), (ii)
quality, measured by the average number of citations received per patent and labeled as Citations
per patent (Trajtenberg, 1990), and (iii) scope, measured by the average number of independent
claims per patent and labeled as Independent claims per patent. We also included variables that
track the inflow of financial resources from external sources. We controlled for the cumulative
amount of VC funding received before the panel date, i.e. Cumulative VC funding (Aggarwal
and Hsu, 2014). The other prominent funding sources for biotechnology ventures include the
NIH and SBIR. We constructed NIH grants and SBIR grants as the total amount of grant money
received (in dollars) prior to the panel date from NIH and SBIR.

3.4 Estimation approach

To ascertain the impact of patent eligibility uncertainty arising from AMP v. Myriad Genetics in
a DiD framework, the main equation we estimate takes the following form:

Yitm = α0 + δ
(
SDNY − SCOTUS interval

)
Xitm + θ

(
SDNY − SCOTUS interval

)

+ γ Xitm + βZitm + αi + αt + εitm (1)

22 F1 score is the harmonic mean of precision and recall, ranging between zero and one. We report the performance
of the model in Figure A1 of the Appendix.

23 For example, the CPC scheme symbol for patents related to ‘Preparation of mutants without insertion of genetic
material, screening processes’ is C12N 15/01. The Main Group (i.e., fourth level) is C12N 15.

24 See https://www.cooperativepatentclassification.org/cpcSchemeAndDefinitions/table for definitions.
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Table 4. Descriptives and summary statistics

# Variable Mean SD 1 2 3 4 5 6 7 8 9 10

1 VC funding (0/1) 0.02 0.14
2 Nucleotide patents 0.25 1.38 0.02
3 Nucleotide claims 0.57 3.32 0.02 0.92
4 SDNY-SCOTUS interval 0.35 0.48 0.00 0.04 0.03
5 Depreciated patent stock 0.53 1.91 0.01 0.41 0.39 0.07
6 Citations per patent 1.14 7.76 0.01 0.22 0.20 0.05 0.68
7 Independent claims per patent 1.15 2.25 0.04 0.15 0.19 0.03 0.23 0.13
8 Age 59.77 45.13 −0.01 0.17 0.16 0.25 0.31 0.18 0.22
9 Cumulative VC funding 9.90 28.62 0.08 0.25 0.26 0.06 0.35 0.20 0.19 0.22
10 NIH grants 0.51 2.82 0.00 0.18 0.20 0.05 0.18 0.06 0.10 0.23 0.11
11 SBIR grants 0.37 1.68 −0.01 0.12 0.12 0.06 0.15 0.05 0.11 0.26 0.03 0.65

Notes: N = 309,796 (firm-month observations). Correlation coefficients > 0.01 are significant at P < 0.05. VC, venture
capital; SBIR, Small Business Innovation Research; NIH, National Institutes of Health.

In equations (1), i, t, m denote the startup, calendar year, and calendar month, respectively.
Yitmrefers to the binary outcome variable of interest, VC funding, and Xitmdenotes one of the
three variables separating the treatment and control firms, viz., Nucleotide patents, Nucleotide
patent share, and Nucleotide sequences. Finally, Zitm refers to the vector of control variables, αi
refers to venture fixed effects, and αt refers to year fixed effects.

We first demonstrate the effects in equation (1) using linear probability specifications. These
specifications allow us to apply standard panel data methods to obtain consistent parameter
estimates in the presence of fixed effects. Given the binary nature of our dependent variable, a
nonlinear model, such as probit, is logically appropriate. Such models, however, make consis-
tent estimation with fixed effects difficult because of computational challenges and incidental
parameter problems (Wooldridge, 2010, p. 612). For recovering the fixed effects estimator, the
alternative is to employ correlated random effects (CRE) probit to account for the unobserved
effects (Wooldridge, 2010, p. 625). Accordingly, we take the average of the covariates across the
panel and include these averages as covariates in the random effects probit model. In unreported
models, we estimated conditional logit (logit with fixed effects) and obtained results consistent
with the reported models.

4. Results

Table 4 displays the summary statistics and correlations. The average age of a startup in our
sample is about 5 years. The likelihood of a startup receiving VC funding is about 2%. In
Table 5, we explore the differences between the control and treatment groups before and after
the court system’s intervention. New biotech ventures developing technologies building on
the genome tended to hold more patents and attract funding from VCs as well as grants.
Specifically, startups holding nucleotide patents received VC funding at a higher monthly rate
than other biotech ventures. However, the difference in the rate decreased by 27% in the wake
of the initial SDNY decision. Figure 1 depicts how the likelihood of VC funding evolved in
the control and treatment groups during the sample period. Corroborating the difference in
the means, the trend line of the treatment groups shows an observable drop relative to the
control group in the period following the initial SDNY decision in 2010. We turn to regression
analysis to systematically quantify the differences indicated by the univariate statistics and
the plots.

4.1 Common trends

Before diving into the results from the regression analysis, we assess the common trends restriction
underpinning identification in the DiD method. The key identifying assumption is that the control
and the treated groups of new biotech ventures would have common trends in venture capital
funding. The standard approach to testing this assumption is to allow for treatment leads and
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Table 5. Comparison of treatment and control groups

Variable Control Treated Difference

Panel A: Before the SDNY ruling
VC funding (0/1) 0.020 0.031 0.011

(0.139) (0.172) (0.001)
Depreciated patent stock 0.284 1.500 1.215

(1.310) (2.812) 0.013
Citations per patent 0.639 1.740 1.101

4.617 5.486 1.101
Independent claims per patent 0.908 3.255 2.346

2.181 2.081 0.019
Cumulative VC funding (Mn USD) 7.019 24.156 17.137

21.582 45.415 0.209
NIH grants (Mn USD) 0.297 1.272 0.976

1.790 4.992 0.019
SBIR grants (Mn USD) 0.230 0.799 0.570

1.204 2.159 0.011
Number of firms 2355 400

Panel B: The intervening period between SDNY and SCOTUS ruling
VC funding (0/1) 0.018 0.026 0.008

0.133 0.159 0.001
Depreciated patent stock 0.510 2.488 1.978

1.793 4.311 0.022
Citations per patent 1.335 4.185 2.850

9.842 12.262 0.101
Independent claims per patent 1.010 3.171 2.161

2.178 1.881 0.021
Cumulative VC funding (Mn USD) 9.908 30.496 20.589

28.593 56.135 0.325
NIH grants (Mn USD) 0.501 2.313 1.813

2.623 7.386 0.034
SBIR grants (Mn USD) 0.388 1.467 1.079

1.758 3.601 0.020
Number of firms 2872 378

Figure 1. VC funding likelihood in control and treatment groups

lags. Instead of a single treatment effect, we include multiple leads of the treatment effect, i.e.
the treatment effect in periods before the intervention occurred. The test for the parallel trends
assumption is that the “lead” treatment effects are all equal to zero.

To substantiate the plausibility of the assumption of pre-existing trends, we considered the
period leading to the courts’ intervention and broke it down into half-yearly periods. We added
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Figure 2. Pre-treatment period trend

separate treatment effect interactions for each half-yearly period between 1996 and 2009 (the
second half of 2009 serves as the base period). We interacted the time dummies with the treatment
variables—nucleotide patents and nucleotide claims—estimating separate fixed effects linear
probability models with standard errors clustered at the firm level. From these three estimations,
the “lead” coefficients—the interaction coefficients of the treatment variable and the time
dummies—along with their 95% confidence interval bands are plotted in Figure 2: nucleotide
patents in Figure 2A and nucleotide claims in Figure 2B. These plots show no discernible trend in
the periods leading up to the treatment interval. Corroborating the evidence from these plots, tests
of whether the “lead” coefficients are all jointly equal to zero yielded F statistics of 1.47 (P = 0.06)
when the treatment variable is Nucleotide patents and 0.61 (P = 0.93) when the treatment variable
is Nucleotide claims.

Next, we discuss the results of our regression analyses. As previously mentioned, our analysis
considers three aspects of a startup’s patent portfolio: the number of affected patents in a startup’s
portfolio (Nucleotide patents) and the number of impacted nucleotide sequences (Nucleotide
claims). These three features allow us to triangulate the impact of Myriad litigation on the firms
owning such patents. We discuss the results of each of these aspects in that order. Throughout,
we report robust standard errors clustered at the startup level.

4.2 Linear probability estimations

We begin the discussion of our results with the linear probability estimations. They serve as
a useful starting point because they are transparent and easy to interpret (Wooldridge, 2010).
Table 6 shows the results of the analyses in which the treatment variable is Nucleotide patents
in columns 1 and 2, and Nucleotide claims in columns 3 and 4. The parameter of interest (δ)
is the coefficient of Nucleotide patents∗SDNY-SCOTUS interval in column 2 and Nucleotide
claims∗SDNY-SCOTUS interval in column 4.

The first treatment variable is Nucleotide patents. In column 2 (Table 6), the estimate of δ is
negative (P = 0.004), indicating firms patenting nucleotide sequences have experienced a drop in
the likelihood of receiving VC funding during the treatment interval. The interaction coefficient
is −0.0012, suggesting that during the treatment interval, the probability of VC funding to an
average biotech venture that filed for one nucleotide dropped by 0.1 percentage points per month
for each additional nucleotide patent. Given that the probability of VC funding to a startup is
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Table 6. Linear probability (LPM) estimations of the impact of the number of nucleotide patents and nucleotide
claims (treatment variables) on the probability of VC funding during the SDNY-SCOTUS interval (treatment interval).
The main parameters of interest are the interaction coefficients of these patent measures and the SDNY-SCOTUS
period indicator

Variables 1 2 3 4

Nucleotide patents × SDNY-SCOTUS interval −0.001
(0.000)
[0.004]

Nucleotide claims × SDNY-SCOTUS interval −0.0004
(0.00018)
[0.019]

Nucleotide patents 0.0004 0.001
(0.001) (0.001)
[0.455] [0.035]

Nucleotide claims 0.0001 0.0004
(0.0002) (0.0002)
[0.442] [0.083]

SDNY-SCOTUS interval 0.001 0.001 0.001 0.001
(0.001) (0.001) (0.001) (0.001)
[0.481] [0.265] [0.482] [0.301]

Age 0.006 0.006 0.006 0.006
(0.003) (0.003) (0.003) (0.003)
[0.051] [0.057] [0.051] [0.055]

Age squared −0.002 −0.002 −0.002 −0.002
(0.000) (0.000) (0.000) (0.000)
[0.000] [0.000] [0.000] [0.000]

Patent stock 0.002 0.002 0.002 0.002
(0.001) (0.001) (0.001) (0.001)
[0.104] [0.076] [0.096] [0.070]

Citations per patent −0.001 −0.001 −0.001 −0.001
(0.001) (0.001) (0.001) (0.001)
[0.164] [0.160] [0.166] [0.162]

Independent claims per patent 0.002 0.002 0.002 0.002
(0.001) (0.001) (0.001) (0.001)
[0.000] [0.000] [0.000] [0.000]

Cumulative VC funding −0.012 −0.012 −0.012 −0.012
(0.001) (0.001) (0.001) (0.001)
[0.000] [0.000] [0.000] [0.000]

NIH funding 0.000 0.000 0.000 0.000
(0.001) (0.001) (0.001) (0.001)
[0.581] [0.583] [0.594] [0.584]

SBIR funding 0.000 0.000 0.000 0.000
(0.001) (0.001) (0.001) (0.001)
[0.754] [0.761] [0.744] [0.747]

Constant 0.013 0.013 0.014 0.014
(0.010) (0.010) (0.010) (0.010)
[0.195] [0.198] [0.192] [0.191]

Firm-level fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
F value 17.38 17.05 17.32 16.7

[0.000] [0.000] [0.000] [0.000]

Notes: N = 309796 (firm-month observations). Clustered robust standard errors at the firm level are in parentheses
(clusters = 3601); P-values are in brackets. SBIR, Small Business Innovation Research; NIH, National Institutes of Health;
VC, venture capital; SDNY, Southern District of New York.

2% before the initial SDNY decision, the drop represents a 5% monthly decline in the likelihood
of receiving VC funding. Similarly, in column 4, in which the treatment variable is Nucleotide
claims, the estimate of δ is −0.0004 (P = 0.019), indicating a two percentage point decline per
month in the likelihood of VC funding for each additional nucleotide claim.
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4.3 Conditional random effects probit estimations

We now move on to the CRE probit specifications. In these nonlinear specifications, the sign of
the interaction term coefficient equals the sign of the treatment effect, but the coefficient does not
indicate the magnitude of the effect. For computing the average treatment effect on the treated in
the CRE probit estimation of equation (1), we use the following formula (Puhani, 2012):

Φ
[
α0 + δ

(
SDNY − SCOTUS interval ∗ Xitm

) + θ
(
SDNY − SCOTUS interval

)

+ γ Xitm + βZitm + ζZ
_

]
− Φ

[
α0 + θ

(
SDNY − SCOTUS interval

) + γ Xitm + βZitm + ζZ
_

]
(2)

where Φ is the standard normal cumulative distribution function. We use the scaled coefficient
estimates for these calculations (Wooldridge, 2010, p. 617).

Table 7 reports CRE probit specifications estimating the pooled effect during the SDNY-
SCOTUS interval (i.e. equation 1). Before diving into the results, we note that the panel standard
deviation (σ ) is 0.53 (P = 0.016), corroborating the choice of the random effects specification.25 In
addition, a likelihood ratio test suggests that introducing the treatment interaction term improves
the explanatory power of the models reported in columns 2 (P = 0.004) and 4 (P = 0.014) relative
to those reported in columns 1 and 3.

In column 2 (Table 7), the treatment variable is Nucleotide patents. In this model, the
interaction coefficient of Nucleotide patents∗SDNY-SCOTUS interval (i.e. δ) is negative and
significant (P = 0.002). Consistent with the effect found in the LPM specifications, the negative
sign suggests that startups in the treated set were less likely to receive VC funding relative
to startups that did not file nucleotide patents. Using the formula (2), we compute treatment
effects while holding the control variables at their sample means. Measured this way, the average
treatment effect for a startup with one nucleotide sequence patent between 2010 and 2013 is
−0.001 (P = 0.002), which amounts to a 4.5% monthly decline in the likelihood of receiving VC
funding. Similarly, in column 4, wherein the treatment variable is Nucleotide claims, the estimate
of δ is −0.007 (P = 0.003), which translates to a 1.75% decline in the likelihood of VC funding
for a single nucleotide composition claim.

Given the challenge of interpreting effects in non-linear models such as probit (Hoetker, 2007),
we plot the average treatment effects over relevant ranges of each treatment variable. We use the
10th–95th percentile range for Nucleotide patents and Nucleotide claims. We plot these effects
in 2012 with the control variables at their means (Hoetker, 2007). Vertical bars indicate the 95%
confidence interval. Figure 3A plots the average treatment effects over the range representing
the 10th—90th percentile range of Nucleotide patents. We note that the effect size increases
monotonically with the number of nucleotide patents in a biotech venture’s portfolio. The
average decrease in the likelihood of VC funding lies between 5% (10th percentile) and 40%
(90th percentile). Such a monotonic decline in the likelihood of VC funding is also observed for
Nucleotide claims. Figure 3B shows that the percentage decline in the likelihood of VC funding
increases from 2% to 15% as the number of claims implicated in the patents at risk increases
from the 10th to the 90th percentile.

4.4 Additional analyses

We performed several additional analyses to probe the extent of the impact of the Myriad
litigation on the financing of startups in the biotechnology industry. We disaggregate the effects
during the litigation interval based on the key milestones indicated in Table 2. We report this
disaggregated analysis in Table 8. In this table, the parameters of interest are the coefficients
of the interaction between the two treatment variables, i.e. Nucleotide patents and Nucleotide
claims, and the four sub-intervals demarcated by the decisions by the SDNY, the Court of Appeals,
and the SCOTUS. This disaggregated analysis reveals that the negative effect of the uncertainty
stoked by the litigation was stronger after the CAFC invalidated the SDNY decision and after

25 The panel standard deviation refers to the unobserved heterogeneity assumed to be distributed N(0,σ 2) in random
effects models.
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Table 7. Conditional random effects (CRE) probit estimations of the impact of nucleotide patents and nucleotide
claims (treatment variables) on the probability of VC funding during the SDNY-SCOTUS interval (treatment interval).
The main parameters of interest are the interaction coefficients of these patent measures and the SDNY-SCOTUS
period indicator

Variables 1 2 3 4

Nucleotide patents ∗ SDNY-SCOTUS interval −0.019
(0.006)
[0.002]

Nucleotide claims ∗ SDNY-SCOTUS interval −0.008
(0.003)
[0.003]

Nucleotide patents 0.006 0.017
(0.007) (0.006)
[0.365] [0.006]

Nucleotide claims 0.003 0.007
(0.003) (0.003)
[0.360] [0.012]

SDNY-SCOTUS interval 0.024 0.034 0.024 0.032
(0.028) (0.028) (0.028) (0.028)
[0.392] [0.231] [0.394] [0.247]

Age 0.012 0.011 0.012 0.011
(0.016) (0.016) (0.016) (0.016)
[0.450] [0.487] [0.446] [0.483]

Age squared −0.047 −0.047 −0.048 −0.047
(0.009) (0.009) (0.009) (0.009)
[0.000] [0.000] [0.000] [0.000]

Patent stock 0.022 0.025 0.022 0.025
(0.015) (0.015) (0.015) (0.015)
[0.147] [0.095] [0.136] [0.086]

Citations per patent −0.011 −0.011 −0.011 −0.011
(0.011) (0.010) (0.011) (0.010)
[0.312] [0.287] [0.313] [0.286]

Independent claims per patent 0.043 0.043 0.043 0.043
(0.011) (0.011) (0.011) (0.011)
[0.000] [0.000] [0.000] [0.000]

Cumulative VC funding −0.147 −0.148 −0.147 −0.148
(0.015) (0.015) (0.015) (0.015)
[0.000] [0.000] [0.000] [0.000]

NIH funding 0.005 0.005 0.005 0.005
(0.013) (0.013) (0.013) (0.013)
[0.693] [0.688] [0.707] [0.687]

SBIR funding 0.050 0.050 0.050 0.050
(0.022) (0.022) (0.022) (0.022)
[0.025] [0.025] [0.024] [0.025]

Constant −3.522 −3.522 −3.521 −3.52
(0.383) (0.383) (0.383) (0.383)
[0.000] [0.000] [0.000] [0.000]

Firm-level average effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Log-likelihood −26238 −26234 −26238 −26235
Wald chi-squared 610.77 635.29 610.03 624.45
Sigma 0.530 0.530 0.530 0.530

(0.016) (0.016) (0.016) (0.016)

Notes: N = 309,796 (firm-month observations). Clustered robust standard errors at the firm level are in parentheses
(clusters = 3601); P-values are in brackets. VC, venture capital; SBIR, Small Business Innovation Research; NIH, National
Institutes of Health; SDNY, Southern District of New York.

the same court affirmed its original decision. We infer this effect from the negative interaction
coefficient of Nucleotide patents ∗ CAFC1 (P = 0.004 and 0.010 in the LPM and CRE models,
respectively) and Nucleotide patents ∗ CAFC2 (P = 0.000 in both models). The estimates from the
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Figure 3. Average treatment effects on the likelihood of VC funding

CRE model suggest that for a startup with one nucleotide patent, the negative effect amounts to
a decline in the likelihood of VC funding by 6.7% (P = 0.01) after the CAFC’s original decision
and by 10% (P = 0.000) after the CAFC’s affirmation. The models with Nucloetide claims yielded
similar results (see Table 8).

As a further empirical check on the identification conditions, we test the hypothesis that the
effects we examine were not present in the period before the court system’s intervention. To verify
this, we considered pre-intervention data only, i.e. before 2010, and identified two time periods
of the same length as the duration of the Myriad litigation. The first period fell between January
2000 and December 2004 (Placebo period 1), whereas the second period fell between January
2002 and December 2006 (Placebo period 2). We reanalyzed our data using these two placebo
periods instead of the SDNY-SCOTUS interval used in the previous analysis. We report the results
of these analyses in Table 9. We note that the interaction effects of interest in the nucleotide
patent specification are insignificant. Taken together, the results of the placebo specifications show
that the factors driving patent eligibility uncertainty after the courts intervened do not affect the
likelihood of VC funding before 2010.

Furthermore, our main analyses quantify the effects of the Myriad litigation by considering the
absolute number of impacted patents regardless of the size of the patent portfolio of the biotech
venture. Our results remain consistent when we consider the relative size of the impacted set
of nucleotide patents. Normalizing for portfolio size, we find that a startup with a third of its
portfolio in nucleotide patents experienced a 10%–13% decline in the likelihood of receiving
VC funding. Our results also remain robust when we use the number of affected patent families
instead of the number of affected patents.

Finally, we examined the heterogeneity of the negative effects of the Myriad litigation on
VC financing of startups. Specifically, we probed the extent to which the quality of the patent
portfolio and the possession of methods-based nucleotide patents alleviate the adverse effects
of the litigation. To capture the quality of the underlying innovations, we calculated and used
citation-weighted patent counts as a moderator (e.g. Trajtenberg, 1990). Based on the text
of the independent claims, we count the number of methods-based nucleotide patents and
interact that variable with the Case duration dummy variable. We did not find any evidence
in favor of the alleviating effects of these two aspects of the patent portfolio of the startups.
Because Myriad Genetics was a diagnostics firm, we also tested whether the negative effects
were more pronounced among diagnostics firms, but did not find evidence favoring that
view. Overall, these results indicate that the patent eligibility uncertainty arising from the
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Table 8. Effects of nucleotide patents and nucleotide claims on the probability of receiving VC funding during sub-
intervals of the AMP v. Myriad Genetics litigation. The intervals are: (1) 04/2010–07/2011 (SDNY-CAFC); (2) 08/2011–
04/2012 (CAFC1); (3) 05/2012–08/2012 (CAFCr ) (4) 09/2012–06/2013 (see Table 2)

Variables LPM CRE LPM CRE

Nucleotide patents ∗ SDNY-CAFC 0.000 −0.009
(0.001) (0.007)
[0.528] [0.205]

Nucleotide patents ∗ CAFC1 −0.002 −0.027
(0.001) (0.011)
[0.004] [0.010]

Nucleotide patents ∗ CAFCr −0.001 −0.013
(0.001) (0.013)
[0.428] [0.300]

Nucleotide patents ∗ CAFC2 −0.002 −0.041
(0.000) (0.012)
[0.000] [0.000]

Nucleotide claims ∗ SDNY-CAFC 0.000 −0.004
(0.000) (0.003)
[0.598] [0.233]

Nucleotide claims ∗ CAFC1 −0.001 −0.010
(0.000) (0.005)
[0.045] [0.032]

Nucleotide claims ∗ CAFCr 0.000 −0.008
(0.000) (0.006)
[0.278] [0.228]

Nucleotide claims ∗ CAFC2 −0.001 −0.013
(0.000) (0.005)
[0.001] [0.004]

Control variables Yes Yes Yes Yes
Firm level fixed effects Yes No Yes No
Firm level average effects No Yes No Yes
Year fixed effects Yes No Yes No

Notes: N = 309,796 (firm-month observations). Clustered robust standard errors at the firm level are in parentheses
(clusters = 3601); P-values are in brackets. CAFC, Court of Appeals for the Federal Circuit; VC, venture capital; LPM,
linear probability; CRE, correlated random effects.

Table 9. Placebo models of the impact of nucleotide patents (treatment variable) on the probability of VC funding
during the placebo interval (treatment interval). We use two intervals: Interval 1 (2000–2004) and interval 2 (2002–
2006). The main parameters of interest are the interaction coefficients of these patent measures and the placebo
interval indicator

Variables Interval 1 Interval 2

LPM CRE LPM CRE

Nucleotide patents × Placebo interval 0.001 0.021 0.001 0.016
(0.002) (0.025) (0.001) (0.011)
[0.467] [0.393] [0.095] [0.142]

Nucleotide patents 0.002 0.021 0.001 0.019
(0.001) (0.006) (0.001) (0.007)
[0.013] [0.001] [0.031] [0.005]

Placebo interval 0.002 0.985 −0.001 1.019
(0.010) (0.383) (0.011) (0.381)
[0.845] [0.010] [0.955] [0.007]

Controls Yes Yes Yes Yes
Firm effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes

Notes: N = 177,754 (firm-month observations). Clustered robust standard errors are in parentheses (clusters = 2711);
P-values are in brackets. LPM, linear probability; CRE, correlated random effects; VC, venture capital.
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Myriad litigation had a broad-based impact on the VC financing of startups holding nucleotide
patents.

5. Conclusion

This paper considers the impact of patent eligibility uncertainty on startups’ ability to attract
VC funding. To the extent that the claims of a startup’s patent are subject to enforceability
problems, the scope of protection is unclear, making it difficult for potential investors to ascertain
the startup’s ability to commercialize its innovations. This uncertainty can dissuade VC investors
from investing in startups. We study these effects in the context of the biopharmaceutical industry.
We leverage AMP v. Myriad Genetics, a landmark litigation in the biopharmaceutical industry,
which put the spotlight on the subject matter eligibility of nucleotide sequence patents. The court
system’s intervention broke USPTO’s 30-year practice of granting patents to nucleotide sequences.
The divergence in the opinions across different levels of the court system threw thousands of
patents involving nucleotide sequences into disarray. We evaluate the impact of patent eligibility
uncertainty arising from questions over the subject matter eligibility of nucleotide patents. Our
study documents that AMP v. Myriad Genetics had a substantial adverse effect on the likelihood
of startups holding patents impacted by the litigation.

By evaluating the effects of AMP v. Myriad Genetics on VC funding, our analysis provides initial
evidence of the impact of patent eligibility uncertainty on startup financing. However, eligibility
uncertainty can also impact startups in other markets, such as the markets for technology. More
generally, the central problem we attempted to tackle is associated with the impact of patent scope
on financial investments. Future research can build on our approach and findings to investigate
and uncover the effects of the probabilistic scope of patents on innovation investments.
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Appendix

We illustrate the steps we take to identify nucleotide sequence patents using patent number 5747282
granted in 1998 to Myriad Genetics. We tabulate the essential information of the patent in the table
below.

Data field Data

Patent number 5747282
Title 17Q-linked breast and ovarian cancer susceptibility gene
Illustrative claims 1. An isolated DNA coding for a BRCA1 polypeptide, said polypeptide having

the amino acid sequence set forth in SEQ ID NO:2.
2. The isolated DNA of claim 1, wherein said DNA has the nucleotide sequence
set forth in SEQ ID NO:1.

CPC classification C07K 14/4702 (20130101); C07K 14/4703 (20130101); C07K 14/82
(20130101); C12Q 1/6886 (20130101); A61K 38/00 (20130101); A61K 48/00
(20130101); A01K 2217/05 (20130101); C12Q 2600/136 (20130101); C12Q
2600/172 (20130101)

(Source: https://patft.uspto.gov/netahtml/PTO/search-bool.html; Accessed: 10 June, 2022).

Steps

1. Identify patents which refer to a nucleotide sequence in the main claim.

• In the example above, claim one refers to a nucleotide sequence as indicated by the tag
“SEQ ID NO”.

2. Verify whether the claim is about the sequence and not about a process or a method related to
a sequence.

• In the example above, the text of claim one states that the claim is on “an isolated DNA”.
3. Verify whether the CPC classification of the patent includes nucleotide sequences.

• In the example above, one of the CPC main groups under which the patent is classified is
C07K 14. We reproduce below the CPC classification definition of group C07K 14. Per this
description, this group covers “genes and other polynucleotides”.

CPC Classification Definition.
C07K 14/00 Peptides having more than 20 amino acids; Gastrins; Somatostatins; Melanotropins;

Derivatives thereof.
Definition statement.
This place covers:

• Polymers of amino acids linked by peptide bonds, and compositions containing them.
• Genes and other polynucleotides coding for peptides.
• Non-coding nucleic acid sequences, e.g. promoters, operators, derived from genes or operons

coding for peptides.
• Fragments of peptides and nucleic acids encoding peptides (fragments smaller than 21 amino

acids are classified with the parent peptides
• Methods for preparation and purification of specific peptides are classified with these peptides.
• General methods are classified in C07K 1/00.
• Fusion proteins
• Crystallized proteins
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Figure A1. Transformers model classification performance in training

• Hybrid peptides (classified according to their peptide component)
Source: https://www.cooperativepatentclassification.org/sites/default/files/cpc/definition/C/defini

tion-C07K.pdf; Accessed on: 10 June, 2022.
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