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Attention: Scott A. Chambers, Associate Solicitor

Comments on Interim Guidelines on the Written Description Reguirement

The written comments presented herein represent the views of the Nationa! Institutes of
Health (NIH). The NIH is the lead agency within the Public Health Service (PHS) in
matters of technology transfer. In addition to providing patent and licensing services to
all institutes and Centers comprising the NIH, PHS lead agency status further
encompasses coordinating and facilitating technology transfer policy functions with the
Centers for Disease Control and Prevention (CDC) and the Food and Drug
Administration (FDA). Central responsibility within NIH for these technology transfer
functions has been delegated to the Office of Technology Transfer (OTT).

Summary

The U.S. Patent and Trademark Office (PTO) has set forth a workable outline for
analyzing applications for compliance with the written description requirements. There
appear to be significant deficiencies, however, in analyzing the proper relationship of the
preamble, transition phrase, and cizim body to determinations of genus versus species
claims. This determination is particularly critical to the application of the open-ended
transition phrase “comprising” to claims involving nucleic acids and amino acids. A
number of exampies are presented to clarify this relationship. Due to the highly
controversial nature of Expressed Sequence Tag (EST) applications related to its
potentially devastating impact on the biotechnology community and the relevancy of
these written description considerations to the patentability of EST claims employing
“comprising” language, the NIH requests that this issue be addressed specifically in the
final guidelines.

Introduction and Background to Federal Transfer of Biotechnology:

A) Legisiative Mandate for Federal Technology Transfer
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The Bayh-Dole Act of 1980, Pub. L. No. 96-517, 94 Stat. 3015, as amended, permits
recipients of federal grants and contracts to retain inteliectual property title to their
inventions. This act also permits exclusive licensing of Government-owned inventions.
In October 1986, Congress enacted the Federal Technology Transfer Act (FTTA), Pub. L.
99.502. 100 Stat. 1785, which amended the Stevenson-Wydler Innovation Act of 1980.
The FTTA, as amended, stimulates transfer of Government-owned technology by offering
incentives to both federal iaboratories/scientists and collaborating parmers in universities.
foundations (both profit and non-profit), or private industry. With regard to intramural
research, the FTTA obliges government scientists to report inventions having commercial
or health benefit potential for transfer to the private sector. To facilitate this obligation,
the FTTA provides incentives comprising cash awards and distribution of a portion of
licensing royalties back to the laboratory and inveators.

B) NIH Advancement of theTechnology Transfer Mandate

The NIH has engaged in considerable technology transfer activity consequent to the
initiatives promuigated by the FTTA. Since fiscal year 1987, the NIH has received over
900 issued patents, executed over 1,300 license agreements, generated about 200 million
doliars in royalties, and entered into about 400 Cooperative Research and Development
Awards (CRADAs). While significant, these activities reflect the transfer of only 2
fraction of the cutting-edge invention portfolio generated by the world's preeminent
public entity dedicated to the advancement of health care.

Beyond this intramural research contribution, the NIH fumds biomedical research at
universities and contractor-operated research facilities via research grants and contracts.
Funding of extramural grants and contracts constitutes approximately 85% of the 13-plus
billion dollar annual budget provided NIH for health research and development. As a
result of these two contributory streams, the NIH is the world's leading source and
underwriter of biomedical inventions.

A significant proportion of the NIH's intramural research and extramural fumding is
directed to genomics. This involvement extends to numerous aspects of genomic
diagnostics, therapeutics, and sequencing. Consequently, the NIH is a major stakeholder
mthegmomicmmdtheNH{hascommmsmhnminmypmposedguidelinﬁ
related to the examination and patentability of biomedical inventions describing nucleic
acid and amino acid sequences.

C) NIH Technology Transfer Policy Issues
NIH technology transfer policies related to both intramural inventions and funding of

extramural research are guided by the NIH mission to advance the public heaith. When
significant inteliectual property issues arise within the biotechnology community that
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impinge upon that public health mission. NIH exercises its leadership and stewardship
role.

A recent intellectual property concemn in this regard reiates to access by the non-profit
research community to research tools. NIH initisted a number of actions toward
ameliorating this concern. First, NIH modified its intramural patent and licensing
policies to insure that NIH's own technology transfer processes facilitate unencumbered
access to research tools. Second, the NIH Director convened a Research Tools Working
Group of technology transfer representatives from government, academia, and industry to
survey and anaiyze the issue, and to recommend steps to facilitate the unencumbered flow
of research tools and biological materiais to, from, and within the research community.
Release of the NIH guidelines implementing the recommendations of this work group is
scheduled for the end of this calendar year. Third, NIH and DuPont Pharmaceuticals
Company recently negotiated a Memorandum of Understanding providing non-profit
researchers frec access and elimination of “reach through™ options in non-commercial
research licenses related to a broad based research tool (Cre-lox technology). The
agrecment satisfies industry’s intellectual property and commercial interests; yet satisfies
the NIH and the academic community’s concerns regarding encumbrance of research
tools to the non-profit sector. It is expected that the general terms of this agreement will
become a model in the academic and government research communities. Fourth, NIH
and various members of the biotechnology and pharmaceutical communmities have been
engaged in dialogue to find ways to augment NIH's massive genome sequencing
initiatives. These initiatives include sequencing and placing into the public domain the
entire human genome, as well as libraries of expressed sequence tags (ESTs) and single
nucleotide polymorphisms (SNPs). The NIH considers ESTs and SNPs examples of
gonﬁcreseuchtoolswhichneedwbemadeavnﬂableformmcmbewdmsmhw
advance the public health.

Summary of Correspondence with the PTO Regarding Concerns Related to
Patenting of EST Sequences

As indicated above, the NIH has public health policy interests in partial DNA sequences
(i.e., ESTs) whose primary utility in the research community is as & tool to probe for
unknown genes. The NIH has voiced its intellectual property concerns regarding ESTs in
various fora, including communications to the U.S. Patent Office (PTO) and the Council
of the National Academy of Sciences (NAS). The following is a synopsis of relevant
considerations derived from such communications.

Soon after its February 14, 1997 public announcement that the PTO considered ESTs
patentable subject matter based upon their utility as probes, the Director of NIH (Dr.
Harold Varmus) communicated his deep public health concern that such patents may
have a chilling effect within the genomics industry. A health care issue may arise if
industry delays or refrains from investing in genomic research and development due to
uncertainty surrounding the scope of millions of secret EST claims at the PTO. Beyond
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the obvious financial concern of significant research investment potentially being
dominated by a substantially de minimis technical exercise, many in the indusiry are
fearful of the tangled web of overlapping intellectual properties that will stack against the
development of important genomic applications. Dr. Varmus’ communication was
supplemented by a letter from the NIH Office of Technology Transfer detailing the NIH
position on the utility issue of ESTs disclosed as probes for unknown genes. This
supplemental letter aiso discussed enablement (undue breadth) issues raised by potential
EST claims containing open-ended “comprising” language which broadens scope by
introducing random sequences of indetcrminate length. This undue breadth scenario was
compared to Examples A and B in the PTO Guidelines and Training Materials regarding
enablement in chemical and biotechnical applications. Copies of these letters are
enclosed.

On April 2, 1997, Commissioner Lehman responded to these NIH communications. The
Commissioner acknowledged the NIH concerns and indicated, “[m]ere aliegation of the
utility of an EST as a probe without further disclosure is not sufficient to meet the utility
and epablement criteria.” Commissioner Lehman elaborated that potential EST utilities
related to forensic identification, tissue type or origin identification, chromosome
mapping, chromosome identification, and tagging a gene of known and useful function.
These utilities were indicated to be potentially enabied “if supported by a sufficient
disclosure.” Related to the scope of EST claims, the Commissioner stated, “{u)nder
appropriate and limited circumstances, claims of a perceived broad scope that are
adequately supported by the disclosure under 35 USC 112 and the state of the art may be
patentable,...”

The above exchange of communications and other issues related to patenting of research
tools were discussed at the Council of the NAS. The NAS is a society of distinguished
schoiars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Under its charter granted
by Congress in 1863, the NAS is mandated to advise the federal government on scientific
and technical matters.

The NAS has a long standing interest in the intellectual property aspects of research tools
used in molecular biology. Since 1993, the NAS has conducted two major workshops on
this issue, including one on ESTs. Further, the NAS has published a 1997 National
Research Council report on the subject of research tools.

Pursuant to these discussions, Dr. Bruce Alberts, President of the NAS, also.
communicated with Commissioner Lehman. Dr. Alberts’ June 19, 1997 correspondence
reiterated the concerns of NIH, and sought clarification of the Commissioner’s statement
above regarding the possibility of EST claims of broad scope. Furthermore, Dr. Alberts
urged the PTO to question the potential enabled utilities proposed in the Lehman letter to
Harold Varmus. Communicating on behalf of the Council of the NAS, Dr. Alberts stated
the following:
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[dlisclosure of DNA sequence alone is plainly insufficient to enable
scientists to use an EST for any of these purposes. Data about the exact
chromosomal site from which a DNA fragment arose are needed for
mapping; data about unique expression in a particular tissue or
physiological state arc needed for tissue typing or diagnosis; and data
about polymorphism among individuals are needed for forensic uses.

In the PTO response to this NAS representation of the state of art related to the
enabiement of the indicated EST utilities, Commissioner Lehman indicated the
foliowing:

The NAS has urged the USPTO to question whether the EST patent
applications have applied a sufficient enabling disclosure regarding
exact chromosomal sites, unique expression in & particular tissue, or
polymorphism among individuals to enable the use of these DNA
sequences for mapping, tissue typing, or forensic use. Considerations
such as these are clearly within the scope of 35 U.S.C. §112 and are
fully considered in accordance with the Jn re Wand's decision in the
enablement determination of every claimed invention.

In each of the above communications from the Commissioner, the PTO appears to
acknowledge the reievance of the NIH and NAS legal and scientific positions regarding
the utility and potential scope of EST claims. As appropriate, the PTO responses imply
the issues would be examined on a case by case basis consistent with the relevant case
law and published PTO guidelines on utility and enablement. More recently, however,
PTO presentztions at various public meetings, such as the 1998 Annual Mecting of the
Biotechnology Industry Organization (BIO), indicate a perceptible hardening regarding
the EST issue. Despite its predisposition against per se rules in the examination process,
the PTO appears to be contemplating accepting broad disclosure of any or all of the above
identified potential utilities as satisfying the 35 USC 101 requirement for all claimed
ESTs. Furthermore, such presentations indicate generalized willingness to apply broad
scope “comprising” language in EST claims. NIH finds most disturbing these
mpmsmuﬁonsofapownﬁdlywolvingpoﬁcymwm'dawepﬁngmimymdbroadchim
scope per se for EST patent applications despite significant NIH/NAS legal and scientific
arguments that should militate against such general considerations and conclusions. The
NIH believes developments in case law on written description also militate against the
issuance of broad EST claims containing open “comprising” transition language.

It was anticipated that the pending interim guidelines on the written description
requirement of 35 USC 112 might shed light on the rationale underiying the PTO’s
intentions regarding these controversial issues. However, specific mention of this class of
invention involving nucleic acid sequences is conspicuously absent from these interim
guidelines. The failure to address this subject is particularly disturbing considering the
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huge number of ESTs pending at the PTO, and the serious concemns raised about ESTs
by varied groups interested in the well being and continued development of the
biotechnology community. In addition to the public health issues raised by the NIH and
the technical and science policy issues raised by the NAS, BIO, and numerous other
biotechnology and pharmaceutical companies have aiso raised concerns about issuance of
broad EST patents

The NIH requests that written description issues related to EST claims be formally
addressed, including examples, in the Final Guidelines on Written Description. To the
extent there are significantly divergent opinions expressed to the PTO regarding written
description issues related to ESTs, it would be appropriate to enumerate these views, as
wel] as the PTO’s evaluation of the same in arriving at its final guideline determinations.
Toward that end, the NIH submits the following comments related to the written
description guidelines generally, as well as their application specifically to EST claims.

Specific Comments on the Interim Guidelines

A) General Outline of Criteria to be Analyzed

The PTO is commended for its clarity regarding the basic outline of steps and points for
consideration in determining whether a disclosure complies with the written description
requirement of Section 112, first paragraph. Asmdxmed,thewnttendescnptlon
requirement is satisfied when the specification describes the claimed invention in
sufficient detail to conclude the inventor had possession of the claimed invention at the

time of filing.

The interim-guidelines succinctly indicate that a proper analysis requires evaluation of the
entire application including the specification and the scope of each claim. This evaluation
is conducted from the perspective of one skilled in the art at the time the application was
filed. Each claim is given its broadest reasonable interpretation, and all parts of the claim
(i.e., preamble, transitional phrase, and body) are considered. Also analyzed are the field
of the invention and the ievel of predictability in the art; where the level of predictability
in the art is inversely related to the amount of disclosure necessary to demonstrate
possession of the claimed invention. It is noted that this array of elements markedly
ovcrlapsﬂnelnre Wands factors for undue experimentation employed when determining
enablement’.

The guidelines instruct that each species claim should be analyzed to determine if either
the entire structure is described or sufficient identifying characteristics are disclosed. For
eachgcnusclmmananalogous determination is made regarding the presence of a
representative number of species examples described either by complete structure or
sufficient identifying characteristics. Again, validating a genus claim by evaluating a

' In re Wands, 8 USPQ2d 1400 (Fed. Cir. 1988)
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representative number of species is analogous to the procedure used to determine
enablement of a genus claim. See identification of this analogy recited in Untversiy of
California v. Eli Lilly and Co.”

In this regard, the general overview provided by the interim guidelines represents well the
relationship between written description and enablement. In particular, it refiects how the
written description requirement is broader than the enablement requirement of Section
112, which is subsumed within the description of the invention and, thereby, satisfies a
separate and distinct purpose in demonstrating possession of the invention.’

B) Genes, mRNA, and cDNA as Preamble Terms

The interim guidelines go to particular lengths to establish a distinction between two sets
of preambie terms. One set consists of the terms “gene”, “mRNA”, and “cDNA”. The
PTO interprets each of these terms as representing a small genus of specific structures
which include, in addition to the amino acid coding region, such elements as promoters,
enhancers, and other regulatory elements. It is the PTO contention that all such
subcomponents of these preambie terms must be described to satisfy the written
description requirement.

This ad hoc interpretation establishes per se definitions of widely used molecular biology
terms which are commonly used in patent law and molecular biology to mean different
things depending on the particular context. Contrary to the interim guideline’s
interpretation, the most generally used context of these terms refers only to the coding
portion of the molecules. This context is supported both in common patent usage and in
case law.

Judge Rich provided an extensive background section on the molecular biology involved
in protein synthesis in Jn re O Farrell *. Nowhere does Judge Rich make the distinctions
regarding the substructures suggested above. More recently, Judge Lourie provided an
expanded background description of this topic in /n re Deuel’. In that case, the claimed
invention relates 1o isolated and purified DNA and cDNA molecules. While this case
resolves an issue of obviousness, it derives its decision based upon analogous
considerations regarding treating DNA/cDNA claims as chemical structures defined by
their specific structure (e.g., sequence), rather than by their function or method of making.
Needless to say, no distinction in cDNA substructure was given any consideration in
evaluating the claims.

Finally, Example N: DNA in the previously mentioned “Training Materials for
Examining Patent Applications with Respect to 35 U.S.C. Section 112, First Paragraph-

2 University of California v. Eli Lilly and Co., 43 USPQ2d 1398, 1406 (Fed. Cir. 1997)
} Vas-Cath, Inc. v. Mahurkar, 19 USPQ2d 1111 (Fed. Cir. 1991)

4 Inre O'Farrell, 7 USPQ2d 1673 (Fed. Cir. 1988)

5 In re Deuel, 34 USPQ2d 1210 (Fed. Cir. 1995)
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Enablement Chemical/Biotechnical Applications™ describes and claims both DNA and
cDNA molecules. The cDNA claims are in open “comprising” format reciting a specific
nucleotide sequence or fragments of a specified length. It is clear from this common
claim usage that the cDNA is intended to represent, and be synonymous with, the coding
region of the molecule. Respondent is not aware of any patents where the substructure
composition of cDNA, mRNA, or genes was a significant issue in determining aspects of
patentability, or in determining what structures were deemed in the possession of the
inventor.

Adoption of the PTO’s new definitions of cDNA, mRNA, and gene for puzposes of
written description considerations potentially could destabilize the economic infrastruture
of the biotechnology community. Innumerable patents have issued claiming genes,
cDNAs, and mRNAs without regard to the PTO’s new interpretation of claim language.
Correspondingly, numerous business arrangements have been predicated upon such
claims. Most, if not all, of those business deals would now be cloaked with uncertainty
were these interim guidelines adopted. Such problems would far outweigh any benefit in
waging a semantic debate over a per se definition of the structure of these molecules.

Representative of this curious parsing of molecular terminology, the interim guidelines
provide a confusing interpretation of the following claim: “A gene comprising SEQ ID
NO: 1”. This claim is described as being viewed as a species claim with a
combination/subcombination relationship between the preamble and the body. In reality
this is a genus ¢laim based upon the open “comprising” transition phrase. This claim
truly would be a species claim if redrafted using the transition phrase “consisting of”.
Contrasting these two situations, it is clear that the genus/species nature of a claim is
driven by the nature of the transition phrase and the body of the claim, not by the
preambie.

If the body of the claim does not correspond well with the preamble term, this may
represent a problem of definiteness under 35 USC 112, second paragraph; not the first
paragraph of Section 112. A more appropriate consideration is if the “comprising” term
eniarges the scope of the SEQ ID NO: 1 structure such that it is not enabled or does not
support possession of the structure under the written description requirement.

C) Nucleic Acid, DNA, and RNA as Preamble Terms

The interim guidelines propose that substitution of more general preamble terms, such as
composition, nucleic acid, DNA, and RNA somehow creates a genus claim. The specific
example of this phenomenon is the claim construction, “A nucleic acid comprising SEQ
ID: 1.” The interim guidelines interpret the generic nature of this claim to reside in the
term “nucleic acid.” Each member of the genus “nucleic acid” is considered under the
interim guidelines to be a combination containing the subcombination “SEQ ID NO: 17
(which is a fragment of the nucleic acid). The interim guidelines proffer that the generic
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nature of the term “nucieic acid™ prevents a written description problem because one
skilled in the art can readily envision a sufficient number of members of the claimed
genus to provide written description support for the genus. A footnote “16” to pages
1405-1406 of the previously mentioned University of California v. Eli Lilly and Co.

CAFC decision is recited to support this proposition.

Respondent has carefully reviewed this case, including the specified pages, and finds no
mention of written description support for generic claims arising from envisioning genus
members based on preamble terms such as composition, nucleic acid, DNA, or RNA.
The issue addressed on pages 1405 to 1406 of this case is that a disclosure of rat nsulin
¢DNA is not sufficient to support generic claims to vertebrates or mammais. Substitution
of the term nucleic acid for cDNA does not remedy this deficiency. There is nothing in
the term nucleic acid that envisions sufficient numbers of insulin sequences
corresponding to different vertebrate or mammalian species so as 1o provide written
description suppart for the genus. The only way to remedy the deficiency is to disclose
the actual sequences of a representative number of species to support the genus; rather
than wordsmith the preamble of the claim.

D) What Defines Species Versus Genus Claims?

The distinction between species and genus claims is an important cancept in the interim
guideline, because genus claims require additional considerations. At least in
unpredictable arts such as chemical and biotechnology inventions, genus claims
additionally require sufficient description of a representative number of species to support
possession (written description) of the genus. The interim guidelines provide littie
direction and guidance toward distinguishing species from genus claims. As discussed
above, where the interim guidelines address this issue between preamble terms such as
cDNA and DNA, they appear to confuse the issue more than elucidate it. The generic
nature or scope of a claim is determined by the interplay of the transition phrase and the
limiting embodiments of the material representing the body of the claim. The following
examples will attempt to illustrate this.

1) On page 1406 of University of California v. Eli Lilly and Co., Judge Lourie
sets forth a description of a classical chemical generic claim.

filn claims involving chemical materials, generic formulae usually
indicate with specificity what the generic claims encompass. One
skilled in the art can distinguish such a formuia from others and can
identify many of the species that the claims encompass. Accordingly,
such a formula is normally an adequate description of the claimed
genus.

In such a scenario, the generic formulae may be a three-ring heterocyclic nucleus of
specified structure with two defined substituent R-groups (e.g., halogen and alkyl R-
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groups) at specified locations on the nucleus. Species are envisioned or identified by
substituting different members of each R-group (e.g., substituting a bromine or a chlorine
as the halogen R-group). Enlarging the breadth of the claim by using “comprising” as the
transition phrase permits inclusion of other unrelated compounds or materials (e.g.. 2
solvent) without changing the generic formula. Such included unrelated compounds or
materials need not be identified to satisfy the written description requirement. Similarly.
choice of preamble phrases generally will not change the nature of the defined genenc
formula. For example, defining the preamble broadly as a composition, rather than a
three-ring heterocyclic compound, does not permit adding a fourth ring or a third R-group
to the defined nucleus. A person skilled in the heterocyclic art can distinguish this
generic composition and species encompassed therein from others by its formula.
Accordingly, the formula is an adequate written description of the claimed genus.

2) The first example in Section C(2) of the interim guidelines describes an
isolated double-stranded DNA defined by sufficient identifying characteristics (i.e., size,
cleavage map, and source from which the DNA is derived) that one skilled in the art
would recognize from these characteristics that the inventor was in possession of the
claimed material. This is a species claim regardiess of the nature of the transition phrase
associated with the claim. Changing the transition phrase from “consisting of” to
“comprising” would broaden the scope of the claim by permitting additional unstated
subject matier, but would not change the combination of characteristics that define this
species of double stranded DNA.

3) The relationship described in the examples 1 and 2 above differs dramatically
when the formula defining the invention in the body of the claim is a nucleic acid or
amino acid sequence. In these cases, “consisting of” transitional language limits the claim
to the recited nucleic acid or amino acid sequence. Substitution of “comprising™
transitional language creates a generic sequence formula which permits additional
unstated subject matter as previously. However, this open-ended language also permits
the length of the nucleic acid or amino acid sequence to be expanded at either or at both
ends. The magnitude of this lengthening of the original structure is indeterminate, and
the identity of each added nucleotide or amino acid is unknown. The magnitude of this
type of modification of the core sequence can be tempered by limiting the size of the
claimed moiety (e.g., nucleic acid limited to 40 nucleotides), and by limiting the nature of
the additional sequence (e.g., at a defined position in the amino acid sequence permit only
lysines to be added to the carboxy end of the molecule).

The interim guidelines succinctly expiain the inverse correlation between predictability in
the art and the amount of disclosure necessary to satisfy the written description
requirement. A generic formula must provide a reasonable expectation that species
within that genus structure will exhibit similar function corresponding to the disclosed
utility(ies) of the invention. Sufficient examples of species must be provided by the
disclosure to support and validate possession (written description) and enablement of that
level of predictability between structure and function. The broader the structure of the
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genus and/or the more unpredictable the state of the art related to the invention. the more
examples are required of the disclosure to establish that relationship. To better
understand the dramatic consequences to the predictability of this structure-function
relationship caused by comprising language in ucleic acid or amino acid sequence
formulae, it may be instructive to analogize the effect of comparable modifications to
more traditional generic chemical formulae.

In the context of exampie 1 above (generic three-ring heterocyclic formula), the
analogous enhancement of claim scope would involve adding an indeterminate number of
undefined rings to the nucleus of the molecule or adding an indeterminate number of new
R-group substituents of undefined nature onto the nucieus. Such additional rings or R-
groups would dramatically alter the sgucture-function relationship defining the claimed
molecule. In other words, four-ring; seven-ring, or ninety-ring heterocyclic compounds
would not be expected to exhibit the same function(s) or utility(ies) characteristic of a
three-ring heterocyclic structure. Similarly, three-ring heterocyclic compounds having
five, nine, or twelve substituent R-groups of undefined nature would not be expected to
exhibit the same functions as species encompassed by the two defined R-groups of
example 1. It is unlikely that any disclosure could support the possession or enablement
of essentially an infinite array of possible structures in support of a real world patentable

utility.

Examples A and B in the previously mentioned Training Materials for Enablement
reinforce aspects of this marked enbancement of structural scope created through use of
“comprising” transitional language in claims drawn to nucleic acid sequences. Both
examples present related fact patterns involving claims reciting open “comprising”
language and Markush groups containing specific Sequence ID numbers corresponding to
three disclosed nucleotide sequences. Both examples rely upon hybridization involving
the claimed sequences to effect the disclosed utility. Both examples cite a pair of
literature references, Sambrook et al. and Wallace et al., for their teaching that
mismatches within an oligonucieotide probe impart unpredictability to the hybridization
process. Both examples explain how the “comprising” language markedly broadens the
scope of the nucleic acid sequences by introducing additional random sequence of
indeterminate length. In view of the teachings of Sambrook et al. and Wallace et al., the
introduction of random base sequence was deemed to skew the predictability of structure
to function sufficiently to render the claims nonenabled. Both examples recommended
limiting the claim scope by using “consisting of” transitional claim language to satisfy the
undue breadth probiem.

The independent and distinct nature of the written description and the enablement
requirements of Section 112, first paragraph contempiates situations where a chemical
formula or a nucleic acid/amino acid sequence is described adequately so as to
demonstrate possession at the time of filing, but that same disclosure fails to teach how to
make or use (enable) the possessed invention. The distinctions between these two
elements of Section 112 converge, however, where lack of enablement results from undue
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breadth of claim structure (e.g., Examples A and B. above). Circumstances of undue
breadth likely will invoke aiso a deficiency in the written description requirement. In
both cases, there is failure to disclose sufficient numbers of species corresponding to the
overly broad genus to support possession or enablement. The disclosure required for
both possession and enablement is inversely correiated to similar levels of predictability
in the art. Additional considerations drawn to the scope of claims, nature and field of
invention, and level of skill in the art are similar when analyzing the same overly broad
claims for possession and enablement.

This convergence of enablement and written description considerations is exemplified in
in In re Fisher®. Claim 4 of Fisher is drawn to an adrenocorticotrophic hormone
(ACTH) preparation. The claim construction involves open-ended “containing” ianguage
(analogous to “comprising” language) with a limitation that the preparation is
characterized as containing polypeptide of at least 24 amino acids having an enumerated
sequence. The court indicated the open ended claim construction broadens the ciaim such
that “the claimed subject matter is in no way limited by the presence, absence or sequence
of amino acids beyond the 24™ position.” While this claim language was deemed definite
under the second paragraph of Section 112, it raised questions of sufficiency of disclosure
under the first paragraph of that section. The court ruled that the application failed to
support ACTH preparations with other (i.c., greater) than 39 amino acids. Consequently,
the specification was deemed to lack sufficient supporting description to compiy with the
requirements of 35 U.S.C. 112, first paragraph. Related to this lack of a sufficient
supporting description, the claims were also found to be not enabled. This exemplifies
the “broader” nature of the description requirement, wherein the lack of description was
manifested also in the inability to make or obtain the invention.

The rationale for finding a written description deficiency in open-ended nucieotide/amino
acid sequence claims, wherein the range of possible sequence structures far exceeds those
taughtorcnntemplatedbyﬂacspeclﬁcanontsmconoeﬂwnhahneofmorerecem
decxslons from the CAFC. Specifically, the decisions in Amgen v. Chugai’ and Fiers v.
Sugano’®, as well as University of California v. Eli Lilly and Co. require a close
correlation between defined sequence structure and the written description requirement.

Consistent with requiring precise and narrow disclosure of nucleic acid and amino acid
sequences for purposes of written description and enablement, the CAFC also narrowly
interprets pucleic acid structure considerations relative to determinations of obviousness.
See In re Belf and In re Deuel. Referring to In re Bell and In re Deuel, the CAFC in
University of California v. Eli Lilly and Co. stated the following position on the
relationship of written description of sequences to reaching conclusions of obviousness:

¢ In re Fisher, 166 USPQ 18,23 (CCPA 1970)

? Amgen Inc. v. Chugai Pharmaceutical Co., Ltd., 18USPQ2d 1016 (Fed. Cir. 1991)
* Fiers v. Sugano, 25USPQ24 1601 (Fed. Cir. 1993)

® In re Bell, 26 USPQ2d 1529 (Fed Cir. 1993)
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[a) prior art disclosure of the amino acid sequence of a protein does not

_ necessarily render particular DNA molecules encoding the protein
obvious because the redundancy of the genetic code permits one to
hypothesize an enormous number of DNA sequences coding for the
protein. Thus, a fortiori, a description that does not render a claimed
invention obvious does not sufficiently describe that invention for
purposes of § 112, T 1.

Thus. the court does not view a DNA sequence to be in the possession of an inventor for
purposes of the written description requirement even when it is within the rubric of 2
known protein sequence and the array of codon correspondences defined by the genetic
code. Consequently, it is most unlikely the court would consider the infinite population
of possible nucleic acid sequences encompassed within the scope of open-ended
“comprising” claim constructions to be in the possession of inventors based upon the
disclosure of a fragmentary and minor subset of that population.

It should be noted that the above analysis regarding possession of a nucleic acid sequence
based upon open-ended "comprising” claim language does not entail consideration of the
breadth or nature of the preamble phrase of the claim. In view of the significance of the
relationship between the transition phrase and the body of the claim (nucleotide or amino
acid sequence) in determining the scope of the genus structure, considerations related to
the preambie phrase are not controlling. The preoccupation of the interim guidelines with
comparative analyses of different preamble phrases at the expense of the considerations
enumerated above is misplaced, and makes the interim guidelines seriously deficient.

E) Written Description Considerations Related to EST Claims

EST product claims likely will be expressed in one of two major formats and in numerous
formats of intermediate scope. Regardiess of the format, the preamble will likely take
multiple forms such as EST, cDNA, cDNA fragment, gene fragment, composition, DNA,
DNA fragment, nucleic acid, polynucleotide, or probe. In its simpiest form, the narrow
scope format will be; “A [preambie phrase] consisting of SEQ ID NO: [ ].” This should
represent a species claim falling within the “safe harbor” criteria described under Section
C(1) of the interim guidelines, and the written description requirement would be satisfied-

The other major format represents a broad scope format. In its simplest form, the broad
scope format will be, “A [preamble phrase] comprising SEQ ID NO: {].” This represents
a genus claim of infinitely broad scope as there is no limitation on the number or
sequence of nucleotides that may be added to the 5’ or 3’ ends of the disclosed SEQ ID
NO: [ ] formula. Clearly, there will be a myriad of species that are not specifically
described in the specification. The scope and level of unpredictability of the structure is
so large that the person skilled in the art cannot envisage sufficient species to place the
genus in possession of the inventor at the time of filing. The rationale for this conclusion
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is based upon the examples and discussion developed above regarding application of the
“comprising” transition phrase to claims drawn to nucleic acid or amino acid sequences.

Particular atiention is directed to EST claims whose patentable utility is predicated upon
the capacity of the EST sequence to function as a hybridization probe. Such utilities may
include use of ESTs in forensic identification, tissue type or origin identification,
chromosome mapping, chromosome identification, and tagging a gene of known and
useful function. Dr. Alberts’ communication of June 19, 1997 addressed considerations
related 1o the enablement of such hybridization events. The examples and discussion
presented in this response address additional considerations, such as mismatches within a
nucleic acid probe, that impart unpredictability to the hybridization process. Specifically,
reference is made to Examples A and B from the Training Materials for Enablement and
the Sambrook et al. and Wallace et al. articles cited therein. The next article (48) in
Methods in Enzymology, (Volume 152) after Wallace et al. is by William 1. Wood, and is
titled, “Gene Cloning Based on Long Oligonucleotide Probes'® (copy enclosed). On
page 443, Wood states:

[o]nly probes of 17 or longer can be used to screen high-complexity
libraries (e.g., a human genomic library). This is because the
complexity of the mammalian genome is such that an exact match of
any 16-base sequence wouid be expected at random. When a pool of
sequences is used, the number of faise positives can be a problem.

This teaching highlights serious problems related to broad EST genus claims reciting
“comprising” as the transitional phrase. As indicated previously, such claims include the
recited EST sequence corresponding to the SEQUENCE ID NO plus additional nucleic
acid sequence attached to either or both ends of the molecule. This additional nucleic acid
sequence is of indeterminate length and random sequence composition. Notwithstanding
the specificity of the original SEQUENCE ID sequence corresponding to the disclosed
EST, Wood teaches that additional overlapping sequences of at least 16 bases would
hybridize randomly to regions throughout the genome. Random hybridization leads to
false positives, and reduces the predictability of the EST claim structure relative to its
disclosed function (utility). This random hybridization problem raises serious questions
regarding the enablement of any disclosed utility that relies upon specific hybridization of
the disclosed SEQUENCE ID structure.

From the perspective of the written description requirement, proportionately more
examples of species sequences must be described in the specification as the size and
unpredictability of the EST genus structure increases beyond the specific SEQUENCE ID
structure. Since “comprising” transition language supports the introduction of an infinite
amount of random sequence, such “comprising” genus claims will require a very large
number of described species sequences to demonstrate possession of the claimed genus.

1° W.1. Wood, Methods in Erzymology 152, 443-447 (1987).
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The broad ciaim breadth discussed above is a function of the “comprising” transitional
phrase and the body of the claim. The nature of the preamble phrase has an insignificant
effect upon the nature of this claim scope. It is important to acknowledge this distinction
regarding the contribution of the preamble phrase, because the interim guidelines are
confusing in this regard. The interim guidelines appear to establish a per se rule that a
genus claim in the format: “DNA, or nucieic acid, or composition comprising
SEQUENCE ID NO: []” satisfies the written description requirement, because one
skilled in the art can readily envision a sufficient number of members of the claimed
genus. This representation regarding envisioning 2 sufficient number of members is
recited to be related to the less specific, generic preamble language. There is no basis in
fact or case law for this representation. By contrast, it is at odds with the controlling case
Jaw cited in this response. This representation is misleading, and draws attention away
from the undue breadth of the genus claims, as well as the claim elements (“comprising™
language in conjunction with the SEQUENCE ID NO: formula of the claim body) most
responsibie for establishing the breadth of the genus ciaims. In the Final Guideiines, the
PTO is requested to address fully the relationship of written description to this claim
scope issue. The treatment of this subject must address the relationship of “comprising”
transition language to nucleic acid and amino acid sequences expressed as SEQUENCE
ID NOs.

Thank you for the opportunity to present the views of the NIH. Please feel free to contact
us, if we can be of further assistance,

Jack Spiegel, Ph.D

Director, Division of

Technology Transfer & Development
Office of Technology Transfer
National Institutes of Health

(301) 496-7056 X289
js45h@nih.gov

3 Enclosures
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NH lssues and Coneems:

Like manv m the biotechnology research and intaliecruat properry cornmumines. the NTH is ooth
surpnsed and disappomted by media revorts indicating e USPTO now finds the use of ESTsas
propes 1o be a specific utiimy in sansfaeuon of Section 101 requirements. Typicaliv. the icennry of
the gene corresponding 10 an EST is not known. NIH sciemists. as well as many in the academic
commumity (i.¢.. those of ordinary skill in this ar), view such bare EST sequence disciosures as
providing isttle or no pracucal {reai worid) value toward advancing discovery mn the hurnan gepome
art. Potenual vaiue for EST seguences dentves from firture research refating EST sequences to
genes or protems of known funcuon. At best, therefore. ESTs TEPTESENt 2 POOT Tesearch toql.

The refative mert ofthscdiscovmcsasmm:hmolsshouldnmmiﬁmammcirpubhc
disciosure m any forum. including sciemnific Intcrature, dazabases, or parenrs. The narure of such
disciosures foliows from the formars. poiicies. and stanmres governmg or established by each forum.
Wemmmmmdmmﬁmmmwmofpubﬁcdﬁcm
agamst the nigix to exciude orhers from the clammned mvention for a limited period of time. We
appreciate 2iso the mission of the USPTO to admimser the patent statustes and rules to esmblish in
&chpamgmﬁe&ppmpﬁmquﬁpmqwbemmpubﬁcdk:h&mnﬂﬁghsﬂfmhsmm
w.mmmmmmmmmdmmmm1
arts.

mmﬁmmsmpmamnomMMmmmmm
cmmdmmmmhhﬁmghsmﬂmqwmwmm In this regard,
NIH has concemns along two lines. First, we believe the wility of the rypical EST invermtion may
Dot meset the threshold criteria of wtility set forth in 35 USC 101, Our second coneern is more
crincal. IfESTinvunionsdosa:jsf}':hespeciﬁcuﬂityreqmofpmhw, weare
m&ﬂowthMwm&humbﬂmbamm
thzvalueofESTdisdosumandﬁ:escnpeofmhsiomryclaimpm in other words, we
amconwmdhowﬁwPTOappﬁes:hemhhmmddescﬁpﬁmpmﬁsioasoﬁS USC 11210
establish a proper claim breadth for EST inventions.

Asmdiamdpmﬂmsly.thcmmlongerhasapmpﬁmpmiﬁmhmms.
Mm,memmmﬁwﬂo.hummmmhmmrdﬂmorﬁﬂmofmy
particular appiicant or company in this arena_ Rather, the NTH commumicares our concerns in this
regard, bmntmsasiﬁwmﬂmpmibﬂhyﬂmpmidmswiﬂachimmpebmd
mmmmmmmmmmmwmmmmw
quid pro quo in favor of the patentes. Th:spmﬁcpmnlgaﬁmofﬂzisimhahnumyhve
smoucﬁmngmmm&mmmmmmmdmm
therapeunc products reiated to human genomics. Clearly, this simuarion could negarivelv affect the
public heaith, and the advancement ofthepublichnhhisthemda:eofthisagmcy.

Ourprhmrymmﬂ!is@fiisthnanmvspedesof “submarine™ patent not be spawn by
unduly broad patents routinely issued in the EST arg, This may arise through the congruence of
two conditions. Theﬁ:srinvolvesﬁ:empem:imin:hcanﬂmthemwiﬂismESTpm
rmﬁmly,\ﬂmﬂ:euﬂkyofﬂ::wmmdmgmismtmyudahnmpcishmd
enough to encompass the entire gene. Th:semndmdiﬁmmydﬂelopnamoﬁhc
msqmmﬁﬁmpnﬁu,\wmb}'wm‘mm:mmmdm'm'be
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examuned DeT appilcauon. T ae remammg SEQUETICES Are WINErawn f7om CONSIGeraton pending
filing of a Divisionai appiication. The net effect of this restmcuon process mav de muliions of
confidennal EST sequences iving in “limbo™ within the PTO.

Upon subsequent and independent discovery of the complers gene, possessing a cimucaily andior
commercially significant uniny. appiicant resurrects the corresponding withdrawn EST species.
The patent issumg on that Divisional potemialiy could biock or rerard deveiopment of the
significant public heaith invention. The economics of this situation mav be resoived within the
marketpiace for mdividual cases. and this should not be the preoceupation of the PTO: or the NIH.
However, a health care 1ssue 1s created if industry delavs or refrains from investung m this
1mponant endeavor because of rampant uncerminty surrounding the existencs of submarine ESTs
luriang within the PTO.  This should be a concern not ontv 1o the NTH mandate, but aiso to the
mandae of the PTO.

Paent procedures should not encourage submarine patents that undermme the pursuit of invention,
In parucular, submarnne ESTs portray a singuiarly unsarisfactory perceprion of 2 secret disclosure
of de mnimis wtiliry, whose only reat funcrion is to iay in predatory wait and feed off tarer
deveioped mvenmons with significant heaith care wility. While it may fall within the four corners of
lgﬂpmpmmﬁmpm@um,ﬁs%dwma&mhmdsmmm
useful arts. The means by which the PTO can affect this process is to circumvent the perception
that useiess parasitic inventions are hibernating in the Cenmal Files of the PTO. The public must
feei confident the PTO“illissuepmonlyfmm\ﬁﬁnhhnsmm:inswpe
with their specific “real worid” utilities.

We believe the PTO can foster this public confidence by practicing consistemiy the guideimes
regarding Section 101 and 112 issues it has already promulgared. What foliows is intended to be
mmmﬁ:smmm\vhhammtmﬂmm
progress of science and useful public heairth args.

ltisgmﬂyanepwdthummismpmuﬁmyhﬁwmchpmbeumhmmmm
amlyz:urmk:aﬁmlpmdnagmofmhmﬁmcdm(uﬁlﬂy). Indeed, most practitioners in
this ant believed the issue was resoived with release of the USPTO Utility Guidelines. along with
its Legai Anaivsis Supponing Utility Examinazion Guidelines. and supporting documentation
available through the USPTO Home Page.

One such supporting document, titied: “Synopsis of Application of Utility Guidelines With
Exampies™ defines ~Specific utility” in part as follows:

- practical utility which defines a “real worid™ context of use.
Utilities which require or constitute cxrryving out further research -
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10 Jdenury or r2asonasiv confirm a “raai worid” context of uss
are not “specific uniitiss”

In the instant case. the context of use 2s 2 prode fas no “real worid” meanme unui ths gene for
which the EST is a probe 1s idenmifies: 1.¢.. fimctionaliy characterized. A gene With Do associated
biological function has no “reai worid” meaning. Consequemiy, there can be no “specitc uriliry™
in prooing a gene of unknown diologicai fincnon. &t requires further research to ascrioe a
biological function to an unimown gens probed by an EST in order 1o provide “real world™ context.
This deficiency in EST invennons follows from the fimdamenmi Supreme Court ruling m Srenner
v. Manson. 383 U.S. 519. 148 USPQ 689 that “a patent is oot a buntng license. it is not a reward
for the search, but compensanon for ns successful conelusion. ™ This theme was advanced also bv
the Federal Circuit in In re Brana. 34 USPO2d 1436 (Fed.Cir. | 995). Most recemiy, the Count of
Appeais for the Federal Circunt in Genenrech v. Novo Nordisk, Case 96-14-40. decided March 13.
1997 invaiidated a Genemeach paiem on cieavadie fusion sumng, “Genemech is anempring 10
bmam:mdap@lmﬁnmnhlhgdkdmnﬁd:nmdm
someone else’s solution of the probiem. This it carmmot do.”

maowwmmmmmmumm“spsﬁcmmmumu
as exampies illustranng the lack of “specific urility” resulting from a need for further research 1o
idenmify or reasonably confirm a “real world” comext of use. The insazt EST scenario is
m\ﬁmm&mmbmummﬁmdomﬁm“mﬁcuﬁﬁds.“
Onesuchcmxpleis“awodofampingfurmm&gamﬁlﬂmhselfhasm‘spedﬁc
unliry™. Thisiscmsismm:husmngSTuapmbewmyuridﬂnifyagm:tthhas
nospeciﬁcuﬁhr}'.beanseﬂmgmeh:snokm\mbiohgialﬁm The second exampie is “a
metbod of making & material that irself has no ‘specific urility™. This is consistent with using an
ESTasapmbetomhagmetba:ishseiflmnospedﬁ: ality, becanse the gene has no known
biological function. The last exampie is most cogemt and defines “a claim to an imermediate
pmduaformhmﬁngaﬁmlpmmahsnomwnmiﬁty”. Indeed, an EST probe for an
unimmmg:nemybeeunsid:redanm%rmhmhngaﬁmlpmdm In this case,
ﬂwﬁmlprnd:m(i.ewthemh:mmgm)isapmdnnwiﬁimho“nuﬁmy.

mhnmphmdhgﬁﬂmofmeWMpmmmblkha“spxiﬁcnﬁhy"kh
concert with the probanve case law. See in re Joly, 153 USPQ 45 (CCPA 1967) wherein Judge
Rich mstructs
"‘ﬁnmciusionisinsapableﬁm.jusnsth:pmcdaluﬁﬁ:}'of
ﬂemupmpmduadbyadmialpmm“ismmun’nidm"
h:snbﬁshingpambiﬁtyofdnpm [Bremmer v. Manson} 383
U.S. 519, 148 USPQ 689, 5o the practicat utility of the compound. or
compomds.pmducedﬁmnachmnl“hnemwdine,"ﬂu“m'
merial"insuchaprocess,isanssmlelcnminmhlishhg
parentability of that intermediate, it seems clear that, if a process of
producingapmduaafan!yconjecnnﬂuseisnmﬂdf“usﬁﬂ”,withh
Section 101, it cannor be said that the starting materiais for such a
process—i.c., the presemtiy claimed intermediarss—are “useful * It is
that ﬁ“mrh."mm.ormbeusdmpﬂuumwpm
of no known use. Nor is it enough that the product disclosed 1 be ™ -
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ootamed from the intermegiare oelongs 1o some ciass of compounds which
DOW IS. Or n the QUTuTe mugNt be. the subject of researcn 1o Geermumes some
specific use ===

We conciude that appellants have not discharged their burden to show
thar the ciatmea subject matter is “useful” WIhin the requirements of
Secuon 10! :

Finaily, foliowing the “Syvnopsis of Appitcation of Unility Guidelmes™ are a sez of 12 exampies of
common biotechnoiogy invenmion scenatios desioned 1o walk the sxammer/reader through the
disclosure fact parern ciaims, and analysis of relevant wility issues. Exampie 9 is parucuiariy

proper.

mmkmamdm@shdmmmde&imﬁnmornnﬁfymm
g@c&ﬁwwwwWOmmmm*wﬁcuﬂ&y". It appears
Mam&nmappﬁaﬁmof&mguid:!hshﬂsmﬁemdmimﬁmﬁ?fpmbshnm
“specific wutility™ under Section 101 ifﬂ:econ'espmdinggmsismhmnorhsno‘spedﬁc

112, first paragraph, since the specification cannot cuable one skilled in the a7t to use 22 imvention
that is not useful. Neison v. Bowier. 206 USPQ 881 (CCPA 1980). Therefore, ESTs failing the
above“spsiﬁcuﬁﬁq"‘tmnpmhsmwnmshwdbcmddudmpambbab
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unger we exabiement provision of 35 USC 112, In the event me PTO desms anv or ail ESTs
sansfy the uniiny requirements for patentapiiity, tne followmg argumems are sex fontn regardme
breadth of clamm scope.

On November 3, 1996, training mazerial and guidelines anaiogous to the wmility guidelines were
mdeavaihbhmthcpubﬁconthePTOHmhge. Inctuded in the materials are rwo exampies
MhA&B}MMﬁ:mMMWmW@mm
Mdmgm.cmm&ﬁmmbmm“m“mm
Mmmmsmmmwmmm
mleoﬁdepmbemmgingbummmdﬁmboddshhg:h.wﬁchh}tﬁdiz
specifically 10 2 defined targer of known wtiliry, The second example differs by eliminaring the
ﬁmcdmiﬁnﬁnﬁondmmthespeciﬁ:iryofhybﬁdinﬂm.ﬁahmhsmapakof
ﬁmnmr:&um.Smbmkuﬂ.andehuud,furﬁ&ndﬁngmmm
anohgmucbondcpmbemnunptﬁmb:hwwthehybndmu:m

mmmmmmmm&“m"mwymm
m&mpmmmwmmm&mm in view
cfﬂ:eﬂ:hhgscf&mbmknai.andWaﬂmuaLmﬂhgthe:&unfbnmﬁmm:hhgm
probe specificity, thcimnducdonofnndmbueseq:mhmahybﬁdizzﬁmpmbe“mld
WWMwiﬁmﬁfymMaﬂMﬂmwwm
satisfying the functional (specificity) requirements of the ciaim. Therefore, bybridizston-probe
mmmw“m"wwumpmmmss
USC 112, 1* paragraph. Bothmmplesinmarcph:hgtheopm-uﬂed“campﬁsing"lmgng:
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The second exampie mdicares tas nesd for functional clamm itmmanons diresied to e specificin
and utinty of the prode. Tae lack of such funcnonal limitarions exacerpates the Secuon | 121
paragrapn deficienties associated with “comprising” language by inrogucme additionas

enabjememt issues drawn to faliure to teach how to use all the probes encompassed by the ciaim.

c casion of Guidelines 1o EST Iovems

Mh}hmm&miummﬁommmMstmmm
a prove utiinry. Esrsqumm.mmpmdingmmhmvngmargmafmmmfmcum
(specific uzilny), reiate © at least Exampie 2. above. Regardiess the breadth of claim language, we
submut this scenario fails the “how to use™ considerations of emabiement under Secnon 112, 1*
pangmphbymchh:gth:useomeSTmoiaympmbespadﬁauyformmnmm. i
apmbedosnmbindspeciﬁtahy,howanhbedisﬁngmﬁedﬁmotherpmbs? If the EST does
bmsmmmmmmmqum-ﬁmmmmw
species. lthleﬁmmumommm:hhgsofﬁespedﬁaﬁmmd:ﬁmaﬂthe
mofawmtmmw,mMmd&mm- It is not
mmcmmkmmmmwmdmmmhmwmaMh}tm
pmbe.m&emlﬂa.mis\\nmdﬁnhmthemofmmmmmim

EST sequences Mmmofmnwmmmjmmm“spﬁﬁcuﬁlhy"cﬁdm
described previously, bmdnconupmdto&cminomﬁnadintheﬁrahybﬁd&nﬂmmb,
above. Cmsequ@y,ESTprodnnmdModofm:hhsuﬂdued“misﬁngof'
language drawn o specific Sequence ID Numbers should be free of Section 112 emabiemnemnr
mmmmm\xmmmmmmmmme
mvennan, including the best mode. Introducing open “comprising” claim language, of course,
would trigger the above indicated “Undue Breadth” rejection under Secrion 112, I* paragraph.
Th:hmodncdmofmmmodemdahubmadﬁnghngmgg,hm,mchudhﬁcmﬁm
ﬁmwmummﬁm-,awwmwm,m,wu
ana.lyz:ifunmhxcbmd:hmaclai:nb}'chimhui:nsingm&m}’omauﬁnre
Wmmwmmmwmh@h 1, above.

citations discussed in Exampie 1, above. It would be expected, therefore, that any ciaim
bmdmmm“whmwww“w&gmbmm
issues. mmmmm&mmmmmmmmmm
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D. i | Copsid

As mgdicared previously, “comprisme” claim language encompasses additional random DNA
sequences different from those specifically disclosed in the applicaton. Applicants cannot descripe
or envisage the sTTucture of these additional sequences. Conscguemmly, the specificarion must be
defecuve under the “descripnon” requiremem of Section 112, 1* paragrapbh. This merpremanion is
1n copeert with 2 line of Federal Circunt decisions invoiving nucieic acid and amino acid strucnres.
See Fiers v. Sugano. 25 USPQ2d 160! (Fed.Cir.] 993) and Amgen Inc. v.Chuga1 Pharmaceuncal
Co. Lid.. 18 USPQ2d 1016 (Fed.Cir.1991). Also see Jn re Bell, 26 USPQ2d 1529
(Fed.Cir.1993} and in re Deuel, 34 USPQ2d 1210 (Fed Cir.1995) regarding related issues drawg
1o weanng nucieic acids as chemical structures. thcrm:.ﬂnﬁmmmmmhﬂzm
mmmwmmmummdmmmm
claimed. Admmndmmdsﬁmmmmnﬁdempmapmpu
search ufthcpﬁormishwﬁdalsomdﬁﬂammhcf 35USC 112

msumry,theNH{bdievaESTseqummformnpmhsm:mnﬁsfythcmﬁzy
requirememts under Section 101 uniess the EST sequences correspond to genss of known funcricn.
Fm&mdmmmmwumm“m@wm
bmdmingofthescupeofESTchhnsbeymdthedisdmedSeq:m D Number. We feela
msqmofimhgbrmdchﬂsmﬁﬂsmupmbsmuhomgmmldbeﬂz
umgmunf“suhmrmc“pmhavingachimngeﬁaond:nbpmof gesomic products for

established during the last two vears.

ImﬁWmmmﬁmdmNm I agam hope this commumicarion
iniﬁa::mgomgd:alogbmmuuruﬁeamﬁmmm. Pleace feel free 1o comact me
if I can be of any assistance.

Phone: (301) 496-7056 X289
FAX: (301)402-0220

E-Mail: js45hZnih gov
cc: Dr. Harold E. Varmmus

Dr. Michael M. Gonresman
Dr. Maria C. Freire
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[48]) Gene Cloning Based on Long Oligonucieotide Probes
By WiLLiam [. Woop

The most commoniy used technique for gene cloning has been to
utilize otigonucleotide probes based on protein sequence data. Of course
this approach requires characterized and purified protein so that at least a
portion of amino acid sequence can be determined and used to infer the
corresponding DNA sequence. Based on the amino acid segquence infor-
mation. either short or long oligonucieotide probes can be svnthesized
chemicaily.

Short probes are typically 11-20 bases in length and are poois of 8-32
{or more) sequences including all of the possible codon choices for each
amino acid. There are three disadvantages of short probes. (1) They can
generaliy only be used in regions of Jow codon redundancy: otherwise the
pooi size becomes unmanageable. (2) The amino acid sequence must be
correct. A singic mismatch is generally sufficient 10 prevent hybridization
of the probe. (3) Only probes of 17 or longer can be used to screen high-
compiexity libraries (e.g.. a human genomic library). This is because the
compiexity of the mammaiian genome is such that an exact match of any
16-base sequence would be expected at random. When a pool of se-
quences is used, the number of false positives can be a probiem. In some
cases this difficuity can be overcome by using two nearby short probes.
neadvanugeofshonprobesisthatiﬁheproteinsequencedaman
correct, the probe should hybridize faithfully as all the codon choices are
covered. Also, the exact hybridization conditions used need not be deter-
mined empirically when tetramethylammonium chloride is used! (see aiso
this volume [49]).

Long probes on the other hand are typically 30-100 nucleotides long
and are a singic sequence based on a best guess for each codon. The iong
probe approach was first used o screen for three different genes: bovine
tryspin inhibitor,? human insulin-like growth factor 1.’ and human factor
IX.* There are three advantages of long probes. (1) Any stretch of amino
acid sequence 10 or longer can be used: regions of low redundancy while

' W. 1. Wood, J. Gitschier. L. A. Lasky. and R. M. Lawn. Proc. Nasl. Acad. Sci. US.A.
&2, 1585 (1989).

5. Anderson and 1. B. Kingsion. Proc. Natl. Acad. Sci. U.S.A. 80, 6838 {1943).

Y A. Ullrich. C. H. Berman, T.J. Dull. A. Gray. and 1. M. Lee. EMBO J. 3, 36] (1984),

‘ M.Jaye. H. de Is Salie. F. Schamber, A. Ballard. V. Kohij, A. Findeli. P. Tolstoshev. and
1. P. Lecocq, Nucleic Acids Res. 11, 2325 (1983).

Copyrgiut £ 1987 by Acatemuc Press. inc.
Al ngins of repregucaes i aev form reserved.
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always a help are not especially imponiant. (2) The amino acid sequence
need not be absolutely comrect. An erroneous amino acid or two can be
tolerated.>¢ (3) These probes can be used to screen high-complexity i
branes with fewer faise positives. The oniy disadvantage of iong probes is
the uncertaimy of the codon choice. With the right codon choice even a
30-mer will hybridize very specifically in a high compiexity library screen.
However, if the codon choices are completely incorrect. the probe will
never hybridize under any conditions.

In spite of the uncertainties over codon selection. the long probe ap-
proach is currently the method of choice in screening for genes based on
protein sequence data. This is not to say that pools of short oligonu-
cleotides do not have utility. The wisest course in screening for any new
gene is 1o pursue all the avenues possibie consistent with the available
time, energy, and manpower. However. the utility of the long. singie
sequence probes has been demonstrated repeatedly for the screening of
high-complexity libraries stariing with any stretch of protein sequence
data,

A variety of codon usage information can be used depending on the
particular gene to be screened. A number of workers have used the codon
usage table for mammalian genes compiled by Grantham er al.” It is also
possible 10 use the codon frequency of a gene already cloned from the
same or a rclated family. The most extensive consideration of the codon
usage probiem is given by Lathe® which includes considerations 1o reduce
the number of CG base pairs in adjacent codons and other optimizations.
It shouid also be noted that some workers have used long probes which
are pools of 8 or 16 sequences covering several common codon choices at
a few-of the amino acids.*' In some respects this approach encompasses
some of the best features of the long and short probe approaches.

The probe can be labeied by any of the standard technigues including
end labeling, filling in with the Kienow fragment of DNA polymerase |
(used with two long oligonucleotides that have 12- to 15-base overlap),
cloning in M13 and primer extending across the probe region, and even

! A. Ullrich, J. R. Bell. E. Y. Chen, R. Herrera, L. M. Petruzelli, T. . Dull, A. Gray. L.
Coussens, Y.-C. Liso. M. Tsubokawa, A. Mason. P. H. Seeburg. C. Grunfeid. 0. M.
Rosen. and J. Ramachsndran. Naiure {Loadon) 313, 756 (1985).

¢ D. Pennica. G. E. Nedwin. J. S. Hayflick. P. H. Seeburg. R. Derynck. M. A. Palladino.
W. J. Kobr. B. B. Aggarwai. and D. Goedde!. Naiure (London) 312, 724 (1984).

T R. Grantham, C. Garier. M. Gouy. M. Jacobzone, and R. Mercier. Nucieic Acids Res. 9,
43 (1981).

YR, Lathe. J. Mol. Biol. 153, | {1985),

*P. H. Seeburg and J. P. Adeiman, Nature (London) 311, 666 {1984).

*1.1. Tooie, J. L. Knopf. J. M. Wozney. L. A. Sultzman. J. L. Buecker, D. D. Pittman.
R.J. Ksufman. E. Brown. C. Shoemaker. E. C. Orr. G. W. Amphiett. W. Barry Foster.
M. L. Coe, G. J. Knutson. D. N. Fass, and R. M. Hewick, Nasure (London) 312. 342
(1984).
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Fic. |. Loog probe hybridization to genomic blots. Two Jong probes for human factor
VI were hybridized 10 genomic biows of DNA. containing | and 4 X chromosomes. "' Since
facsor VIII was known 1o be on the X chromosome, authentic hybridization is indicated by &
relative ntensity of 1 : 4 rather than | : } for the austosomes. Human genomic DNA. 5 ug. was
digessad with EcoRl or BamH, separated elecuopboretically in an agarose gel, and trans-
ferred w nitroceliniose. Lane 1. EcoRl male DNA: lane 2. EroR] 46, XXXXY DNA: lane M.
markers. end-labeled AMNindIll and X174 Haelll: anc 3. BomHl maie DNA: iane 4,
BamH] 46.)X00(XY DNA. The hybridization was as described in the text. The biots were
washed in | x $SC. 0.15 SDS at the iemperature indicared. (A) A 36-mer end-labeied probe:
(B) an 81-mer probe, cloned in M13 and iabeled by fili-in reaction.
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TABLE 1
SELECTED LisT OF GENES IS0LATED WITH Long Proars
Oligoauicieotide
Prowein iength (bases) March* Reference

Trypsm inhiortor 86 . 3X11x8... 2
Insubin-like growth 54 . 5X1Ex2x9%8xS... 3

facior |
Factor 1X 52 o JexSxl2 4
Transformng growth 74 o MX2X6... 12

factor o
Lansiniring-hormone- k-] o T T 9

releasing hormone
Tumor mecrosis factor o 42 .Bxf7... 6
Factor VIII » - X2 10... 11
Insubin receptor o &3 1ixlx11x3x10... s
insuim recepior 2 5 Sxl2... 5
B-Adrenerpc recepror B Iy 13

-Nmmmnmmamwmm.mmumx.m
lhudm(...)hdhuanmdlhemvhhmm.

end labeling a series of shon overiapping oligonucieotides and ligating
them together 1o make a long probe.’ (See this volume [10) for labeling
methods.)

The iabeled probes can be used to screen any available cDNA or
genomic library in a plasmid or phage vector. The most common current

Commonly used screening conditions are to hybridize in 6x SS8C, 50
mM sodium phosphate (pH 6.8), Sx Denhardt's solution. 0.1 g/liter
boiled.sonimedsalmonspemDNA.Zﬂ%formmide.md 10% dextran
sulfate at 42° and to wash in 0.2 SSC, 0.1% SDS at 37°.* Prior to screen-
ing a library for the gene, ilisoﬁcninfomﬁvemhybﬁdizethepmbes 10
monﬁcblotslodeterminewhethcrauniquehandmbeobsmed.
Thuebloumbeusedfortwopmposes:(l)lotestdiﬁemtmh
eondiﬁonswﬂndthemoststﬁngemwuhpouible(seeahothisvolumc
[43,45,61)) and (2) to determine which of several long probes is the most
likelytohensefm.thuseliminningsomeprobesashnvinginsm:iem
speciﬁchymbeofﬁmheruu(espedanyinscmningmmich'bnﬁes).
Figure ] shows the hybridization of two oligonucieotide probes to human
EcoRl- and BamH]I-digested DNA." The probes were hybridized under
" W. 1. Wood. D. J. Capon. C. C. Simonsen. D. L. Eaion, J. Gitschier . B. Keyt. P. H.

Sesburg, D. H. Smith. P. Hollingshead. K. L. Wion. E. Deiwan. E. . D. Tuddenham.
G. A. Vehar. and R. M. Lawn. Natwre (London) 312, 330 (1584),
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the conditions given above and washed in } x SSC. 0.1% SDS at 34°. 40°.
and 46°. Probe A. a 36-mer. clearly is much more suitable than probe B.
an 81-mer. from another portion of the same protein. A screen of a ge-
nomic library with probe A isolated the derived clones easily. A screen
with probe B was not attempted because of the large number of hvbndiz-
ing bands. Another exampie of genomic biots with long probes has been
published.’

Table 1 lists several examples where long probes based on protein
sequence data have been used 1o clone new genes.'™!"? The table is not
intended 1o be complete but purports to show the kinds of sequence match
necessary for suitabie hybridization. Of primary importance in obtaining
adequate hybridization is the number of nucleotides in a row which match
rather than the percentage homoiogy, although ciearly two regions sepa-
rated by a single mismaich hybridize better than the longer of the two
regions alone.

12 R. Derynck. A. B. Robenis. M. E. Winkler. E. Y. Chen. and D. V. Goeddel. Cell (Cam-
bridge, Mass.) 38, 287 (1984).

B R. A. F. Dixon. B. K. Kobilka. D. J. Strader. J. L. Benovic. H. G. Dohiman. J. Frielie,
M. A. Bolanowski. C. D. Beonert, E. Rands. R. E. Diehl. R. A. Mumford. E. E. Slater.
1. S. Sigal. M. G. Caron. R. ). Lefkowitz, and C. D. Strader. Natwre (London) 321, 75
{1986).

[49) Hybridization of Genomic DNA to Oligonucleotide
Probes in the Presence of Tetramethylammonium Chloride

Bv ANTHONY G. DILELLA and Savio L. C. Woo

In this chapter we present a powerful method for the hybridization of
genomic DNA to AT-rich oligonucieotide probes. The method utilizes
tetramethylammonium chloride (TMA), a reagent which binds AT-rich
DNA polymers' while concomitantly abolishing the preferential melting
of AT versus GC base pairs.Z2 Thus, hybridization of these probes 10
genomic DNA (Southern blots) or to recombinant DNA libraries is a
function of probe length; it occurs in 2 manner indecpendent of base com-
position.? The technique is particularly well suited for detecting and dis-

1], T. Shapiro, B. S. Sannard, and G. Feiscnfeld. Biochemistry §, 3233 (1989}
*W. B. Melchior and P. H. von Hippel. Proc. Nail. Acad. Sci. U.S.A. 70, 298 (1973).
YW, |. Wood. J. Gitschier. L. A. Lasky. and R. M. Lawn. Proc. Natl. Acad. Sci. US.A.

&2, 1585 (1985).
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