COMPOSITIONS AND METHODS FOR INTRAMOLECULAR
NUCLEIC ACID REARRANGEMENT

BACKGROUND

We have previously described methods that enable tagging each of a population of
fragmented genomes and then combining them together to create a ‘population library’ that
can be processed and eventually sequenced as a mixture. The population tags enable
analysis software to parse the sequence reads into files that can be attributed to a particular
genome in the population. One limitation of the overall process stems from limitations of
existing DNA sequencing technologies. In particular, if fragments in the regions of interest
of the genome are longer than the lengths that can be sequenced by a particular technology,
then such fragments will not be fully analyzed (since sequencing proceeds from an end of a
fragment inward). Furthermore, a disadvantage of any sequencing technology dependent on
fragmentation is that sequence changes in one part of a particular genomic region may not be
able to be linked to sequence changes in other parts of the same genome (e.g., the same
chromosome) because the sequence changes reside on different fragments. (See Figure 5
and its description below).

The present invention removes the limitations imposed by current sequencing

technologies as well as being useful in a number of other nucleic acid analyses.

SUMMARY OF THE INVENTION
Aspects of the present invention are drawn to processes for moving a region of
interest in a polynucleotide from a first position to a second position with regard to a domain
within the polynucleotide, also referred to as a “reflex method” (or reflex process, reflex
sequence process, reflex reaction, and the like). In certain embodiments, the reflex method
results in moving a region of interest into functional proximity to specific domain elements
present in the polynucleotide (e.g., primer sites and/or MID). Compositions, kits and systems

that find use in carrying out the reflex processes described herein are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is best understood from the following detailed description when read
in conjunction with the accompanying drawings. It is emphasized that, according to

common practice, the various features of the drawings are not to scale. Indeed, the
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dimensions of the various features are arbitrarily expanded or reduced for clarity. Included
in the drawings are the following figures:

Figure 1: Panel A is a schematic diagram illustrating moving a first domain from one
site to another in a nucleic acid molecule using a reflex sequence. Panel B is a schematic
diagram depicting the relative position of primer pairs (A,-B, primers) that find use in
aspects of the reflex process described herein.

Figure 2 shows an exemplary embodiment of using binding partner pairs
{biotin/streptavidin) to isolate single stranded polynucleotides of interest.

Figure 3 is a schematic diagram illustrating an exemplary embodiment for moving a
primer site and a MID to a specific location in a nucleic acid of interest.

Figure 4 shows a schematic diagram illustrating an exemplary use of the reflex
process for gencrating a sample enriched for fragments having a region of interest (¢.g., from
a population of randomly fragmented and asymmetrically tagged polynucleotides).

Figure 5 shows a comparison of methods for identifying nucleic acid polymorphisms
in homologous nucleic acids in a sample (e.g., the same region derived from a chromosomal
pair of a diploid cell or viral genomes/transcripts). The top schematic shows two nucleic
acid molecules in a sample (1 and 2) having a different assortment of polymorphisms in
polymorphic sites A, B and C (A1, B1, C1 and C2). Standard sequencing methods using
fragmentation (left side) can identify the polymorphisms in these nucleic acids but do not
retain linkage information. Employing the reflex process described herein to identify
polymorphisms (right side) maintains linkage information.

Figure 6: Panel A is a schematic showing expected structures and sizes of nucleic
acid species in the reflex process; Panel B is a polyacrylamide gel showing the nucleic acid
species produced in the reflex process described in Example 1.

Figure 7: Panel A is a schematic showing the structure of the nucleic acid and
competitor used in the reflex process; Panel B is a polyacrylamide gel showing the nucleic
acid species produced in the reflex process described in Example 1.

Figure 8 shows a flow chart of a reflex process (left) in which the T7 exonuclease
step is optional. The gel on the right shows the resultant product of the reflex process either
without the T7 exonuclease step (lane 1) or with the T7 exonuclease step (lane 2).

Figure 9 shows an exemplary reflex process workflow with indications on the right
as to where purification of reaction products is employed (e.g., using Agencourt beads to

remove primer oligos).
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Figure 10 shows the starting material (left panel) and the resultant product generated
(right panel) using a reflex process without using a T7 exonuclease step (as described in
Example II). The reflex site in the starting material is a sequence normally present in the
polynucleotide being processed (also called a “non-artificial” reflex site). This figure shows
that the 755 base pair starting nucleic acid was processed to the expected 461 base pair
product, thus confirming that a “non-artificial” reflex site is effective in transferring an
adapter domain from one location to another in a polynucleotide of interest in a sequence
specific manner.

Figure 11 shows a schematic and results of an experiment in which the reflex process
is performed on a single large initial template (a “parent” fragment) to generate five different
products (“daughter” products) cach having a different region of interest (i.c., daughter
products are produced having cither region 1, 2, 3, 4 or 5).

Figure 12 shows a schematic and results of experiments performed to determine the
prevalence of intramolecular rearrangement during the reflex process (as desired) vs.
intermolecular rearrangement (MID switching).

Figure 13 shows a diagram of exemplary workflows for preparing material for and

performing the reflex process.

DEFINITIONS

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Still, certain elements are defined for the sake of clarity and ease of reference.

Terms and symbols of nucleic acid chemistry, biochemistry, genetics, and molecular
biology used herein follow those of standard treatises and texts in the field, e.g. Kornberg
and Baker, DNA Replication, Second Edition (W.H. Freeman, New York, 1992); Lehninger,
Biochemistry, Second Edition (Worth Publishers, New York, 1975); Strachan and Read,
Human Molecular Genetics, Second Edition (Wiley-Liss, New York, 1999); Eckstein, editor,
Oligonucleotides and Analogs: A Practical Approach (Oxford University Press, New York,
1991); Gait, editor, Oligonucleotide Synthesis: A Practical Approach (IRL Press, Oxford,
1984); and the like.

“Amplicon” means the product of a polynucleotide amplification reaction. That is,
it is a population of polynucleotides, usually double stranded, that are replicated from one
or more starting sequences. The one or more starting sequences may be one or more

copics of the same sequence, or it may be a mixture of different sequences. Amplicons
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may be produced by a variety of amplification reactions whose products are multiple
replicates of one or more target nucleic acids. Generally, amplification reactions producing
amplicons are “template-driven” in that base pairing of reactants, either nucleotides or
oligonucleotides, have complements in a template polynucleotide that are required for the
creation of reaction products. In one aspect, template-driven reactions are primer
extensions with a nucleic acid polymerase or oligonucleotide ligations with a nucleic acid
ligase. Such reactions include, but are not limited to, polymerase chain reactions (PCRs),
linear polymerase reactions, nucleic acid sequence-based amplification (NASBAs), rolling
circle amplifications, and the like, disclosed in the following references that arc
incorporated herein by reference: Mullis et al, U.S. patents 4,683,195; 4,965,188,;
4,683,202; 4,800,159 (PCR); Gelfand et al, U.S. patent 5,210,015 (real-time PCR with
“TAQMANT™” probes); Wittwer ct al, U.S. patent 6,174,670; Kacian et al, U.S. patent
5,399,491 (“NASBA”™); Lizardi, U.S. patent 5,854,033; Aono ct al, Japanese patent publ.
JP 4-262799 (rolling circle amplification); and the like. In one aspect, amplicons of the
invention are produced by PCRs. An amplification reaction may be a “real-time”
amplification if a detection chemistry is available that permits a reaction product to be
measured as the amplification reaction progresses, e.g. “real-time PCR” described below,
or “real-time NASBA?” as described in Leone et al, Nucleic Acids Research, 26: 2150-2155
(1998), and like references. As used herein, the term “amplifying” means performing an
amplification reaction. A ‘“reaction mixture” means a solution containing all the necessary
reactants for performing a reaction, which may include, but not be limited to, buffering
agents to maintain pH at a selected level during a reaction, salts, co-factors, scavengers,
and the like.

The term “assessing” includes any form of measurement, and includes determining
if an element is present or not. The terms “determining”, “measuring”, “evaluating”,
“assessing” and “‘assaying” are used interchangeably and includes quantitative and
qualitative determinations. Assessing may be relative or absolute. “Assessing the presence
of” includes determining the amount of something present, and/or determining whether it is
present or absent. As used herein, the terms “determining,” “measuring,” and “assessing,”
and “assaying” are used interchangeably and include both quantitative and qualitative
determinations.

Polynucleotides that are “asymmetrically tagged” have left and right adapter
domains that are not identical. This process is referred to generically as attaching adapters

asymmetrically or asymmetrically tagging a polynucleotide, ¢.g., a polynucleotide
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fragment. Production of polynucleotides having asymmetric adapter termini may be
achieved in any convenient manner. Exemplary asymmetric adapters are described in:
U.S. Patents 5,712,126 and 6,372,434, U.S. Patent Publications 2007/0128624 and
2007/0172839; and PCT publication W0O/2009/032167; all of which are incorporated by
reference herein in their entirety. In certain embodiments, the asymmetric adapters
employed are those described in U.S. Patent Application Ser. No. 12/432,080, filed on
April 29, 2009, incorporated herein by reference in its entirety.

As one example, a user of the subject invention may use an asymmetric adapter to
tag polynucleotides. An “asymmetric adapter” is one that, when ligated to both ends of a
double stranded nucleic acid fragment, will lead to the production of primer extension or
amplification products that have non-identical sequences flanking the genomic insert of
interest. The ligation is usually followed by subsequent processing steps so as to generate
the non-identical terminal adapter sequences. For example, replication of an asymmetric
adapter attached fragment(s) results in polynucleotide products in which there is at least
one nucleic acid sequence difference, or nucleotide/nucleoside modification, between the
terminal adapter sequences. Attaching adapters asymmetrically to polynucleotides (e.g.,
polynucleotide fragments) results in polynucleotides that have one or more adapter
sequences on one end (e.g., one or more region or domain, e.g., a primer site) that are
either not present or have a different nucleic acid sequence as compared to the adapter
sequence on the other end. It is noted that an adapter that is termed an “asymmetric
adapter” is not necessarily itself structurally asymmetric, nor does the mere act of attaching
an asymmetric adapter to a polynucleotide fragment render it immediately asymmetric.
Rather, an asymmetric adapter-attached polynucleotide, which has an identical asymmetric
adapter at each end, produces replication products (or isolated single stranded
polynucleotides) that are asymmetric with respect to the adapter sequences on opposite
ends (e.g., after at least one round of amplification/primer extension).

Any convenient asymmetric adapter, or process for attaching adapters
asymmetrically, may be employed in practicing the present invention. Exemplary
asymmetric adapters are described in: U.S. Patents 5,712,126 and 6,372,434; U.S. Patent
Publications 2007/0128624 and 2007/0172839; and PCT publication W0O/2009/032167; all
of which are incorporated by reference herein in their entirety. In certain embodiments, the
asymmetric adapters employed are those described in U.S. Patent Application Ser. No.

12/432,080, filed on April 29, 2009, incorporated herein by reference in its entirety.
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"Complementary" or "substantially complementary" refers to the hybridization or
base pairing or the formation of a duplex between nucleotides or nucleic acids, such as, for
instance, between the two strands of a double stranded DNA molecule or between an
oligonucleotide primer and a primer site on a single stranded nucleic acid. Complementary
nucleotides are, generally, A and T (or A and U), or C and G. Two single stranded RNA or
DNA molecules are said to be substantially complementary when the nucleotides of one
strand, optimally aligned and compared and with appropriate nucleotide insertions or
deletions, pair with at least about 80% of the nucleotides of the other strand, usually at least
about 90% to 95%, and more preferably from about 98 to 100%. Alternatively, substantial
complementarity exists when an RNA or DNA strand will hybridize under selective
hybridization conditions to its complement. Typically, selective hybridization will occur
when there is at least about 65% complementary over a stretch of at least 14 to 25
nucleotides, preferably at least about 75%, more preferably at least about 90%
complementary. See, M. Kanchisa Nucleic Acids Res. 12:203 (1984), incorporated herein
by reference.

“Duplex” means at least two oligonucleotides and/or polynucleotides that are fully
or partially complementary undergo Watson-Crick type base pairing among all or most of
their nucleotides so that a stable complex is formed. The terms “annealing” and
“hybridization” are used interchangeably to mean the formation of a stable duplex.
"Perfectly matched" in reference to a duplex means that the poly- or oligonucleotide
strands making up the duplex form a double stranded structure with one another such that
every nucleotide in each strand undergoes Watson-Crick base pairing with a nucleotide in
the other strand. A stable duplex can include Watson-Crick base pairing and/or non-
Watson-Crick base pairing between the strands of the duplex (where base pairing means
the forming hydrogen bonds). In certain embodiments, a non-Watson-Crick base pair
includes a nucleoside analog, such as deoxyinosine, 2, 6-diaminopurine, PNAs, LNA’s and
the like. In certain embodiments, a non-Watson-Crick base pair includes a “wobble base”,
such as deoxyinosine, 8-oxo-dA, 8-0x0-dG and the like, where by “wobble base” is meant
a nucleic acid base that can base pair with a first nucleotide base in a complementary
nucleic acid strand but that, when employed as a template strand for nucleic acid synthesis,
leads to the incorporation of a second, different nucleotide base into the synthesizing
strand (wobble bases are described in further detail below). A "mismatch" in a duplex
between two oligonucleotides or polynucieotides means that a pair of nucleotides in the

duplex fails to undergo Watson-Crick bonding.
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“Genetic locus,” “locus,” or "locus of interest" in reference to a genome or target
polynucleotide, means a contiguous sub-region or segment of the genome or target
polynucleotide. As used herein, genetic locus, locus, or locus of interest may refer to the
position of a nucleotide, a gene or a portion of a gene in a genome, including mitochondrial
DNA or other non-chromosomal DNA (e.g., bacterial plasmid), or it may refer to any
contiguous portion of genomic sequence whether or not it is within, or associated with, a
gene. A genetic locus, locus, or locus of interest can be from a single nucleotide to a
segment of a few hundred or a few thousand nucleotides in length or more. In general, a
locus of interest will have a reference sequence associated with it (see description of
"reference sequence" below).

“Kit” refers to any delivery system for delivering materials or reagents for carrying
out a method of the invention. In the context of reaction assays, such delivery systems
include systems that allow for the storage, transport, or delivery of reaction reagents (¢.g.,
probes, enzymes, etc. in the appropriate containers) and/or supporting materials (e.g.,
buffers, written instructions for performing the assay etc.) from one location to another. For
example, kits include one or more enclosures (¢.g., boxes) containing the relevant reaction
reagents and/or supporting materials. Such contents may be delivered to the intended
recipient together or separately. For example, a first container may contain an enzyme for
usc in an assay, while a second container contains probes.

“Ligation" means to form a covalent bond or linkage between the termini of
two or more nucleic acids, e.g. oligonucleotides and/or polynucleotides, in a
template-driven reaction. The nature of the bond or linkage may vary widely and the
ligation may be carried out enzymatically or chemically. As used herein, ligations
are usually carried out enzymatically to form a phosphodiester linkage between a 5’
carbon of a terminal nucleotide of one oligonucleotide with 3’ carbon of another
oligonucleotide. A varicty of template-driven ligation reactions are described in the
following references, which are incorporated by reference: Whiteley et al, U.S.
patent 4,883,750; Letsinger et al, U.S. patent 5,476,930; Fung et al, U.S. patent
5,593,826; Kool, U.S. patent 5,426,180; Landegren et al, U.S. patent 5,871,921; Xu
and Kool, Nucleic Acids Research, 27: 875-881 (1999); Higgins et al, Methods in
Enzymology, 68: 50-71 (1979); Engler et al, The Enzymes, 15: 3-29 (1982); and
Namsaraev, U.S. patent publication 2004/0110213.

“Multiplex Identifier” (MID) as used herein refers to a tag or combination of

tags associated with a polynucleotide whose identity (¢.g., the tag DNA sequence)
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can be used to differentiate polynucleotides in a sample. In certain embodiments, the
MID on a polynucleotide is used to identify the source from which the
polynucleotide is derived. For example, a nucleic acid sample may be a pool of
polynucleotides derived from different sources, (¢.g., polynucleotides derived from
different individuals, different tissues or cells, or polynucleotides isolated at different
times points), where the polynucleotides from each different source are tagged with a
unique MID. As such, a MID provides a correlation between a polynucleotide and
its source. In certain embodiments, MIDs are employed to uniquely tag cach
individual polynucleotide in a sample. Identification of the number of unique MIDs
in a sample can provide a readout of how many individual polynucleotides are
present in the sample (or from how many original polynucleotides a manipulated
polynucleotide sample was derived; see, ¢.g., U.S. Patent No. 7,537,897, issued on
May 26, 2009, incorporated herein by reference in its entirety). MIDs can range in
length from 2 to 100 nucleotide bases or more and may include multiple subunits,
where cach different MID has a distinct identity and/or order of subunits. Exemplary
nucleic acid tags that find use as MIDs are described in U.S. Patent 7,544,473, issued
on June 6, 2009, and titled "Nucleic Acid Analysis Using Sequence Tokens", as well
as U.S. Patent 7,393,665, issued on July 1, 2008, and titled “Methods and
Compositions for Tagging and Identifying Polynucleotides”, both of which are
incorporated herein by reference in their entirety for their description of nucleic acid
tags and their use in identifying polynucleotides. In certain embodiments, a set of
MIDs employed to tag a plurality of samples need not have any particular common
property (¢.g., Tm, length, base composition, ¢tc.), as the methods described herein
can accommodate a wide variety of unique MID sets. It is emphasized here that
MIDs need only be unique within a given experiment. Thus, the same MID may be
used to tag a different sample being processed in a different experiment. In addition,
in certain experiments, a user may use the same MID to tag a subset of different
samples within the same experiment. For example, all samples derived from
individuals having a specific phenotype may be tagged with the same MID, e.g., all
samples derived from control (or wildtype) subjects can be tagged with a first MID
while subjects having a disease condition can be tagged with a second MID (different
than the first MID). As another example, it may be desirable to tag different samples
derived from the same source with different MIDs (e.g., samples derived over time or

derived from different sites within a tissue). Further, MIDs can be generated in a
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varicty of different ways, ¢.g., by a combinatorial tagging approach in which one
MID is attached by ligation and a second MID is attached by primer extension.
Thus, MIDs can be designed and implemented in a variety of different ways to track
polynucleotide fragments during processing and analysis, and thus no limitation in
this regard is intended.

“Nucleoside" as used herein includes the natural nucleosides, including 2'-deoxy
and 2'-hydroxyl forms, e.g. as described in Kornberg and Baker, DNA Replication, 2nd Ed.
(Freeman, San Francisco, 1992). "Analogs" in reference to nucleosides includes synthetic
nucleosides having modified base moicties and/or modified sugar moicties, ¢.g. described
by Scheit, Nucleotide Analogs (John Wiley, New York, 1980); Uhlman and Peyman,
Chemical Reviews, 90: 543-584 (1990), or the like, with the proviso that they are capable
of specific hybridization. Such analogs include synthetic nucleosides designed to enhance
binding properties, reduce complexity, increase specificity, and the like. Polynucleotides
comprising analogs with enhanced hybridization or nuclease resistance properties are
described in Uhlman and Peyman (cited above); Crooke et al, Exp. Opin. Ther. Patents, 6:
855-870 (1996); Mesmacker et al, Current Opinion in Structual Biology, 5: 343-355
(1995); and the like. Exemplary types of polynucleotides that are capable of enhancing
duplex stability include oligonucleotide N3'—P5' phosphoramidates (referred to herein as
"amidates"), peptide nucleic acids (referred to herein as "PNAs"), oligo-2'-O-
alkylribonucleotides, polynucleotides containing C-5 propynylpyrimidines, locked nucleic
acids (“LNAs”), and like compounds. Such oligonucleotides are either available
commercially or may be synthesized using methods described in the literature.

“Polymerase chain reaction,” or “PCR,” mcans a reaction for the in vitro
amplification of specific DNA sequences by the simultaneous primer extension of
complementary strands of DNA. In other words, PCR is a reaction for making multiple
copies or replicates of a target nucleic acid flanked by primer sites, such reaction comprising
one or more repetitions of the following steps: (i) denaturing the target nucleic acid, (ii)
annealing primers to the primer sites, and (iii) extending the primers by a nucleic acid
polymerase in the presence of nucleoside triphosphates. Usually, the reaction is cycled
through different temperatures optimized for each step in a thermal cycler instrument.
Particular temperatures, durations at each step, and rates of change between steps depend on
many factors well-known to those of ordinary skill in the art, e.g. exemplified by the
references: McPherson et al, editors, PCR: A Practical Approach and PCR2: A Practical
Approach (IRL Press, Oxford, 1991 and 1995, respectively). For example, in a conventional
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PCR using Taq DNA polymerase, a double stranded target nucleic acid may be denatured at
a temperature >90°C, primers annealed at a temperature in the range 50-75°C, and primers
extended at a temperature in the range 72-78°C. The term “PCR” encompasses derivative
forms of the reaction, including but not limited to, RT-PCR, real-time PCR, nested PCR,
quantitative PCR, multiplexed PCR, and the like. Reaction volumes range from a few
hundred nanoliters, e.g. 200 nL, to a few hundred puL, e.g. 200 uL. “Reverse transcription
PCR,” or “RT-PCR,” means a PCR that is preceded by a reverse transcription reaction that
converts a target RNA to a complementary single stranded DNA, which is then amplified,
¢.g. Tecott et al, U.S. patent 5,168,038, which patent is incorporated hercin by reference.
“Real-time PCR” means a PCR for which the amount of reaction product, i.e. amplicon, is
monitored as the reaction proceeds. There are many forms of real-time PCR that differ
mainly in the detection chemistries used for monitoring the reaction product, ¢.g. Gelfand et
al, U.S. patent 5,210,015 (“TAQMANT”); Wittwer ct al, U.S. patents 6,174,670 and
6,569,627 (intercalating dyes); Tyagi et al, U.S. patent 5,925,517 {(molecular beacons);
which patents are incorporated herein by reference. Detection chemistries for real-time PCR
are reviewed in Mackay et al, Nucleic Acids Research, 30: 1292-1305 (2002), which is also
incorporated herein by reference. “Nested PCR” means a two-stage PCR wherein the
amplicon of a first PCR becomes the sample for a second PCR using a new set of primers, at
least one of which binds to an interior location of the first amplicon. As used herein, “initial
primers” in reference to a nested amplification reaction mean the primers used to generate a
first amplicon, and “secondary primers” mean the one or more primers used to generate a
second, or nested, amplicon. “Multiplexed PCR” means a PCR wherein multiple target
sequences (or a single target sequence and one or more reference sequences) are
simultaneously carried out in the same reaction mixture, e.g. Bernard et al, Anal. Biochem.,
273:221-228 (1999)(two-color real-time PCR). Usually, distinct sets of primers are
employed for each sequence being amplified.

“Quantitative PCR” means a PCR designed to measure the abundance of one or more
specific target sequences in a sample or specimen. Quantitative PCR includes both absolute
quantitation and relative quantitation of such target sequences. Quantitative measurements
are made using one or more reference sequences that may be assayed separately or together
with a target sequence. The reference sequence may be endogenous or exogenous to a
sample or specimen, and in the latter case, may comprise one or more competitor templates.
Typical endogenous reference sequences include segments of transcripts of the following

genes: B-actin, GAPDH, B;-microglobulin, ribosomal RNA, and the like. Techniques for
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quantitative PCR are well-known to those of ordinary skill in the art, as exemplified in the
following references that are incorporated by reference: Freeman et al, Biotechniques, 26:
112-126 (1999); Becker-Andre et al, Nucleic Acids Research, 17: 9437-9447 (1989);
Zimmerman ct al, Biotechniques, 21: 268-279 (1996); Diviacco ¢t al, Gene, 122: 3013-3020
(1992); Becker-Andre et al, Nucleic Acids Research, 17: 9437-9446 (1989); and the like.
“Polynucleotide” or “oligonucleotide” is used interchangeably and each means a
linear polymer of nucleotide monomers. Monomers making up polynucleotides and
oligonucleotides are capable of specifically binding to a natural polynucleotide by way of a
regular pattern of monomer-to-monomer interactions, such as Watson-Crick type of base
pairing, base stacking, Hoogsteen or reverse Hoogsteen types of base pairing, wobble base
pairing, or the like. As described in detail below, by “wobble base” is meant a nucleic acid
basec that can base pair with a first nucleotide base in a complementary nucleic acid strand
but that, when employed as a template strand for nucleic acid synthesis, leads to the
incorporation of a second, different nucleotide base into the synthesizing strand. Such
monomers and their internucleosidic linkages may be naturally occurring or may be
analogs thereof, e.g. naturally occurring or non-naturally occurring analogs. Non-naturally
occurring analogs may include peptide nucleic acids (PNAs, e.g., as described in U.S.
Patent 5,539,082, incorporated herein by reference), locked nucleic acids (LNAs, e¢.g., as
described in U.S. Patent 6,670,461, incorporated herein by reference), phosphorothioate
internucleosidic linkages, bases containing linking groups permitting the attachment of
labels, such as fluorophores, or haptens, and the like. Whenever the use of an
oligonucleotide or polynucleotide requires enzymatic processing, such as extension by a
polymerase, ligation by a ligase, or the like, one of ordinary skill would understand that
oligonucleotides or polynucleotides in those instances would not contain certain analogs of
internucleosidic linkages, sugar moieties, or bases at any or some positions.
Polynucleotides typically range in size from a few monomeric units, e.g. 5-40, when they
are usually referred to as “oligonucleotides,” to several thousand monomeric units.
Whenever a polynucleotide or oligonucleotide is represented by a sequence of letters
(upper or lower case), such as "ATGCCTG," it will be understood that the nucleotides are
in 53" order from left to right and that "A" denotes deoxyadenosine, "C" denotes
deoxycytidine, "G" denotes deoxyguanosine, and "T" denotes thymidine, “I” denotes
deoxyinosine, “U” denotes uridine, unless otherwise indicated or obvious from context.
Unless otherwise noted the terminology and atom numbering conventions will follow those

disclosed in Strachan and Read, Human Molecular Genetics 2 (Wiley-Liss, New York,
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1999). Usually polynucleotides comprise the four natural nucleosides (e.g.
deoxyadenosine, deoxycytidine, deoxyguanosine, deoxythymidine for DNA or their ribose
counterparts for RNA) linked by phosphodiester linkages; however, they may also
comprise non-natural nucleotide analogs, e.g. including modified bases, sugars, or
internucleosidic linkages. It is clear to those skilled in the art that where an enzyme has
specific oligonucleotide or polynucleotide substrate requirements for activity, e.g. single
stranded DNA, RNA/DNA duplex, or the like, then selection of appropriate composition
for the oligonucleotide or polynucleotide substrates is well within the knowledge of one of
ordinary skill, especially with guidance from treatises, such as Sambrook ct al, Molecular
Cloning, Second Edition (Cold Spring Harbor Laboratory, New York, 1989), and like
references.

“Primer” means an oligonucleotide, either natural or synthetic, that is capable, upon
forming a duplex with a polynucleotide template, of acting as a point of initiation of
nucleic acid synthesis and being extended from its 3” end along the template so that an
extended duplex is formed. The sequence of nucleotides added during the extension
process is determined by the sequence of the template polynucleotide. Usually primers are
extended by a DNA polymerase. Primers are generally of a length compatible with their
use in synthesis of primer extension products, and are usually are in the range of between 8
to 100 nucleotides in length, such as 10 to 75, 15 to 60, 15 to 40, 18 to 30, 20 to 40, 21 to
50, 22 to 45, 25 to 40, and so on, more typically in the range of between 18-40, 20-35, 21-
30 nucleotides long, and any length between the stated ranges. Typical primers can be in
the range of between 10-50 nucleotides long, such as 15-45, 18-40, 20-30, 21-25 and so
on, and any length between the stated ranges. In some embodiments, the primers are
usually not more than about 10, 12, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40,
45, 50, 55, 60, 65, or 70 nucleotides in length.

Primers are usually single-stranded for maximum efficiency in amplification, but
may alternatively be double-stranded. If double-stranded, the primer is usually first treated to
separate its strands before being used to prepare extension products. This denaturation step is
typically affected by heat, but may alternatively be carried out using alkali, followed by
neutralization. Thus, a “primer” is complementary to a template, and complexes by hydrogen
bonding or hybridization with the template to give a primer/template complex for initiation
of synthesis by a polymerase, which is extended by the addition of covalently bonded bases
linked at its 3' end complementary to the template in the process of DNA synthesis.
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A “primer pair” as used herein refers to first and second primers having nucleic
acid sequence suitable for nucleic acid-based amplification of a target nucleic acid. Such
primer pairs generally include a first primer having a sequence that is the same or similar
to that of a first portion of a target nucleic acid, and a second primer having a sequence that
is complementary to a second portion of a target nucleic acid to provide for amplification
of the target nucleic acid or a fragment thereof. Reference to “first” and “second” primers
herein is arbitrary, unless specifically indicated otherwise. For example, the first primer
can be designed as a “forward primer” (which initiates nucleic acid synthesis from a 5° end
of the target nucleic acid) or as a “reverse primer” (which initiates nucleic acid synthesis
from a 5” end of the extension product produced from synthesis initiated from the forward
primer). Likewise, the second primer can be designed as a forward primer or a reverse
primer.

“Primer site” (e.g., a sequencing primer site, and amplification primer site, etc.) as
used herein refers to a domain in a polynucleotide that includes the sequence of a primer
{c.g., a sequencing primer) and/or the complementary sequence of a primer. When present
in single stranded form (e.g., in a single stranded polynucleotide), a primer site can be
either the identical sequence of a primer or the complementary sequence of a primer.

When present in double stranded form, a primer site contains the sequence of a primer
hybridized to the complementary sequence of the primer. Thus, a primer site is a region of
a polynucleotide that is either identical to or complementary to the sequence of a primer
(when in a single stranded form) or a double stranded region formed between a primer
sequence and its complement. Primer sites may be present in an adapter attached to a
polynucleotide. The specific orientation of a primer site can be inferred by those of
ordinary skill in the art from the structural features of the relevant polynucleotide and/or
context in which it is used.

“Readout” means a parameter, or parameters, which are measured and/or detected
that can be converted to a number or value. In some contexts, readout may refer to an actual
numerical representation of such collected or recorded data. For example, a readout of
fluorescent intensity signals from a microarray is the address and fluorescence intensity of a
signal being generated at each hybridization site of the microarray; thus, such a readout may
be registered or stored in various ways, for example, as an image of the microarray, as a
table of numbers, or the like.

“Reflex site”, “reflex sequence™ and equivalents are used to indicate sequences in a

polynucleotide that are employed to move a domain intramolecularly from its initial location
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to a different location in the polynucleotide. The sequence of a reflex site can be added to a
polynucleotide of interest (e.g., present in an adapter ligated to the polynucleotide), be based
on a sequence naturally present within the polynucleotide of interest (e.g., a genomic
sequence in the polynucleotide), or a combination of both. The reflex sequence is chosen so
as to be distinct from other sequences in the polynucleotide (i.c., with little sequence
homology to other sequences likely to be present in the polynucleotide, e.g., genomic or sub-
genomic sequences to be processed). As such, a reflex sequence should be selected so as to
not hybridize to any sequence except its complement under the conditions employed in the
reflex processes herein described. As described later in this application, the complement to
the reflex sequence is inserted on the same strand of the polynucleotide (e.g., the same strand
of a double-stranded polynucleotide or on the same single stranded polynucleotide) in a
particular location so as to facilitate an intramolecular binding event on such particular
strand. Reflex sequences employed in the reflex process described herein can thus have a
wide range of lengths and sequences. Reflex sequences may range from 5 to 200 nucleotide
bases in length.

“Solid support™, “support”, and “solid phase support” arec used interchangeably and
refer to a material or group of materials having a rigid or semi-rigid surface or surfaces. In
many embodiments, at least one surface of the solid support will be substantially flat,
although in some embodiments it may be desirable to physically separate synthesis regions
for different compounds with, for example, wells, raised regions, pins, etched trenches, or
the like. According to other embodiments, the solid support(s) will take the form of beads,
resins, gels, microspheres, or other geometric configurations. Microarrays usually comprise
at least one planar solid phase support, such as a glass microscope slide.

“Specific” or “specificity” in reference to the binding of one molecule to another
molecule, such as a labeled target sequence for a probe, means the recognition, contact, and
formation of a stable complex between the two molecules, together with substantially less
recognition, contact, or complex formation of that molecule with other molecules. In one
aspect, “specific” in reference to the binding of a first molecule to a second molecule means
that to the extent the first molecule recognizes and forms a complex with another molecule
in a reaction or sample, it forms the largest number of the complexes with the second
molecule. Preferably, this largest number is at least fifty percent. Generally, molecules
involved in a specific binding event have areas on their surfaces or in cavities giving rise to
specific recognition between the molecules binding to each other. Examples of specific

binding include antibody-antigen interactions, enzyme-substrate interactions, formation of
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duplexes or triplexes among polynucleotides and/or oligonucleotides, biotin-avidin or biotin-
streptavidin interactions, receptor-ligand interactions, and the like. As used herein, “contact”
in reference to specificity or specific binding means two molecules are close enough that
weak noncovalent chemical interactions, such as Van der Waal forces, hydrogen bonding,
base-stacking interactions, ionic and hydrophobic interactions, and the like, dominate the
interaction of the molecules.

As used herein, the term “Ty,” is used in reference to the “melting temperature.” The
melting temperature is the temperature (e.g., as measured in °C) at which a population of
double-stranded nucleic acid molecules becomes half dissociated into single strands. Several
equations for calculating the Ty, of nucleic acids are known in the art (see e.g., Anderson and
Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization (1985). Other
references (e.g., Allawi, H.T. & Santal.ucia, J., Jr., Biochemistry 36, 10581-94 (1997))
include alternative methods of computation which take structural and environmental, as well
as sequence characteristics into account for the calculation of Ty,.

“Sample” means a quantity of material from a biological, environmental, medical, or
patient source in which detection, measurement, or labeling of target nucleic acids is sought.
On the one hand it is meant to include a specimen or culture (e.g., microbiological cultures).
On the other hand, it is meant to include both biological and environmental samples. A
sample may include a specimen of synthetic origin. Biological samples may be animal,
including human, fluid, solid (e.g., stool) or tissue, as well as liquid and solid food and feed
products and ingredients such as dairy items, vegetables, meat and meat by-products, and
waste. Biological samples may include materials taken from a patient including, but not
limited to cultures, blood, saliva, cercbral spinal fluid, pleural fluid, milk, lymph, sputum,
semen, needle aspirates, and the like. Biological samples may be obtained from all of the
various families of domestic animals, as well as feral or wild animals, including, but not
limited to, such animals as ungulates, bear, fish, rodents, etc. Environmental samples include
environmental material such as surface matter, soil, water and industrial samples, as well as
samples obtained from food and dairy processing instruments, apparatus, equipment,
utensils, disposable and non-disposable items. These examples are not to be construed as
limiting the sample types applicable to the present invention.

The terms "upstream” and "downstream" in describing nucleic acid molecule
orientation and/or polymerization are used herein as understood by one of skill in the art. As
such, "downstream" generally means proceeding in the 5’ to 3' direction, i.c., the direction in

which a nucleotide polymerase normally extends a sequence, and "upstream” generally
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means the converse. For example, a first primer that hybridizes "upstream” of a second
primer on the same target nucleic acid molecule is located on the 5' side of the second primer
{and thus nucleic acid polymerization from the first primer proceeds towards the second
primer).

It is further noted that the claims may be drafted to exclude any optional element. As
such, this statement is intended to serve as antecedent basis for use of such exclusive

terminology as “solely”, “only” and the like in connection with the recitation of claim

clements, or the use of a “negative” limitation.

DETAILED DESCRIPTION OF THE INVENTION

The invention is drawn to compositions and methods for intramolecular nucleic acid
rearrangement that find use in various applications of genetic analysis, including sequencing,
as well as general molecular biological manipulations of polynucleotide structures.

Before the present invention is described, it is to be understood that this invention is
not limited to particular embodiments described, as such may, of course, vary. It is also to
be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically disclosed. Each smaller range
between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within the invention. The upper and
lower limits of these smaller ranges may independently be included or excluded in the range,
and each range where either, neither or both limits are included in the smaller ranges is also
encompassed within the invention, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or
both of those included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, some potential and
preferred methods and materials are now described. All publications mentioned herein are

incorporated herein by reference to disclose and describe the methods and/or materials in
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connection with which the publications are cited. It is understood that the present disclosure
supersedes any disclosure of an incorporated publication to the extent there is a
contradiction.

It must be noted that as used herein and in the appended claims, the singular forms
"a", "an", and "the" include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to "a nucleic acid" includes a plurality of such nucleic acids
and reference to "the compound" includes reference to one or more compounds and
cquivalents thereof known to those skilled in the art, and so forth.

The practice of the present invention may employ, unless otherwise indicated,
conventional techniques and descriptions of organic chemistry, polymer technology,
molecular biology (including recombinant techniques), cell biology, biochemistry, and
immunology, which are within the skill of the art. Such conventional techniques include
polymer array synthesis, hybridization, ligation, and detection of hybridization using a label.
Specific illustrations of suitable techniques can be had by reference to the example herein
below. However, other equivalent conventional procedures can, of course, also be used.
Such conventional techniques and descriptions can be found in standard laboratory manuals
such as Genome Analysis: A Laboratory Manual Series (Vols. 1-1V), Using Antibodies: A
Laboratory Manual, Cells: A Laboratory Manual, PCR Primer: A Laboratory Manual, and
Molecular Cloning: A Laboratory Manual (all from Cold Spring Harbor Laboratory Press),
Stryer, L. (1995) Biochemistry (4th Ed.) Freeman, New York, Gait, “Oligonucleotide
Synthesis: A Practical Approach” 1984, IRL Press, London, Nelson and Cox (2000),
Lehninger, A., Principles of Biochemistry 3 Ed., W. H. Freeman Pub., New York, N.Y. and
Berg ct al. (2002) Biochemistry, 5™ Ed., W. H. Freeman Pub., New York, N.Y , all of which
are herein incorporated in their entirety by reference for all purposes.

The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual publication dates
which may need to be independently confirmed.

As summarized above, aspects of the present invention are drawn to the use of a
‘reflex’ sequence present in a polynucleotide (¢.g., in an adapter structurc of the
polynucleotide, in a genomic region of the polynucleotide, or a combination of both) to
move a domain of the polynucleotide intra-molecularly from a first location to a second

location. The reflex process described herein finds use in any number of applications, ¢.g.,
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placing functional elements of a polynucleotide (e.g., sequencing primer sites and/or MID
tags) into proximity to a desired sub-region of interest.
Nucleic Acids

The reflex process (as described in detail below) can be employed for the
manipulation and analysis of nucleic acid sequences of interest from virtually any nucleic
acid source, including but not limited to genomic DNA, complementary DNA (cDNA),
RNA (ec.g., messenger RNA, ribosomal RNA, short interfering RNA, microRNA, etc.),
plasmid DNA, mitochondrial DNA, synthetic DNA, ctc. Furthermore, any organism,
organic material or nucleic acid-containing substance can be used as a source of nucleic
acids to be processed in accordance with the present invention including, but not limited to,
plants, animals (¢.g., reptiles, mammals, insects, worms, fish, etc.), tissue samples, bacteria,
fungi (e.g., ycast), phage, viruses, cadaveric tissue, archacological/ancient samples, ctc. In
certain embodiments, the nucleic acids in the nucleic acid sample are derived from a
mammal, where in certain embodiments the mammal is a human.

In certain embodiments, the nucleic acid sequences are enriched prior to the reflex
sequence process. By enriched is meant that the nucleic acid is subjected to a process that
reduces the complexity of the nucleic acids, generally by increasing the relative
concentration of particular nucleic acid species in the sample (e.g., having a specific locus of
interest, including a specific nucleic acid sequence, lacking a locus or sequence, being within
a specific size range, etc.). There are a wide variety of ways to enrich nucleic acids having a
specific characteristic(s) or sequence, and as such any convenient method to accomplish this
may be employed. The enrichment (or complexity reduction) can take place at any of a
number of steps in the process, and will be determined by the desires of the user. For
example, enrichment can take place in individual parental samples (e.g., untagged nucleic
acids prior to adaptor ligation) or in multiplexed samples (e.g., nucleic acids tagged with
primer sites, MID and/or reflex sequences and pooled; MID are described in further detail
below).

In certain embodiments, nucleic acids in the nucleic acid sample are amplified prior
to analysis. In certain of these embodiments, the amplification reaction also serves to enrich
a starting nucleic acid sample for a sequence or locus of interest. For example, a starting
nucleic acid sample can be subjected to a polymerase chain reaction (PCR) that amplifies
one or more region of interest. In certain embodiments, the amplification reaction is an
exponential amplification reaction, whereas in certain other embodiments, the amplification

reaction is a linear amplification reaction. Any convenient method for performing
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amplification reactions on a starting nucleic acid sample can be used in practicing the subject
invention. In certain embodiments, the nucleic acid polymerase employed in the
amplification reaction is a polymerase that has proofreading capability (c.g., phi29 DNA
Polymerase, Thermococcus litoralis DNA polymerase, Pyrococcus furiosus DNA
polymerase, ctc.).

In certain embodiments, the nucleic acid sample being analyzed is derived from a
single source (e.g., a single organism, virus, tissue, cell, subject, etc.), whereas in other
embodiments, the nucleic acid sample is a pool of nucleic acids extracted from a plurality of
sources (e.g., a pool of nucleic acids from a plurality of organisms, tissues, cells, subjects,
etc.), where by "plurality"” is meant two or more. As such, in certain embodiments, a nucleic
acid sample can contain nucleic acids from 2 or more sources, 3 or more sources, 5 or more
sources, 10 or more sources, SO or more sources, 100 or more sources, 500 or more sources,
1000 or more sources, 5000 or more sources, up to and including about 10,000 or more
sources.

In certain embodiments, nucleic acid fragments that are to be pooled with nucleic
acid fragments derived from a plurality of sources (¢.g., a plurality of organisms, tissues,
cells, subjects, etc.), where by "plurality” is meant two or more. In such embodiments, the
nucleic acids derived from each source includes a multiplex identifier (MID) such that the
source from which the cach tagged nucleic acid fragment was derived can be determined. In
such embodiments, each nucleic acid sample source is correlated with a unique MID, where
by unique MID is meant that each different MID employed can be differentiated from every
other MID employed by virtue of at least one characteristic, e.g., the nucleic acid sequence
of the MID. Any type of MID can be used, including but not limited to those described in
co-pending U.S. Patent Application Serial Number 11/656,746, filed on January 22, 2007,
and titled "Nucleic Acid Analysis Using Sequence Tokens", as well as U.S. Patent
7,393,665, issued on July 1, 2008, and titled “Methods and Compositions for Tagging and
Identifying Polynucleotides”, both of which are incorporated herein by reference in their
entirety for their description of nucleic acid tags and their use in identifying polynucleotides.
In certain embodiments, a set of MIDs employed to tag a plurality of samples need not have
any particular common property (e.g., Tm, length, base composition, etc.), as the asymmetric
tagging methods (and many tag readout methods, including but not limited to sequencing of
the tag or measuring the length of the tag) can accommodate a wide variety of unique MID

sets.
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In certain embodiments, cach individual polynucleotide (¢.g., double-stranded or
single-stranded, as appropriate to the methodological details employed) in a sample to be
analyzed is tagged with a unique MID so that the fate of each polynucleotide can be tracked
in subsequent processes (where, as noted above, unique MID is meant to indicate that each
different MID employed can be differentiated from every other MID employed by virtue of
at least one characteristic, e.g., the nucleic acid sequence of the MID). For example (and as
described below), having each nucleic acid tagged with a unique MID allows analysis of the
sequence of each individual nucleic acid using the reflex sequence methods described herein.
This allows the linkage of sequence information for large nucleic acid fragments that cannot
be sequenced in a single sequencing run.

Reflex Sequence Process

As summarized above, aspects of the present invention include methods and
compositions for moving a domain in a polynucleotide from a first location to a second
location in the polynucleotide. An exemplary embodiment is shown in Figure 1A.

Figure 1A shows a single stranded polynucleotide 100 comprising, in a 5’ to 3”
orientation, a first domain (102; the domain to be moved); a reflex sequence 104; a nucleic
acid sequence 106 having a site distal to the first domain (Site A), and a complement of the
reflex sequence 108 (positioned at the 3” terminus of the polynucleotide). The steps of the
reflex method described below will move the first domain into closer proximity to Site A. It
is noted here that the prime designation in Figure 1A denotes a complementary sequence of a
domain. For example, First Domain’ is the complement of the First Domain.

In Step 1, the reflex sequence and its complement in the polynucleotide are annealed
intramolecularly to form polynucleotide structure 112, with the polynucleotide folding back
on itself and hybridizing to form a region of complementarity (i.e., double stranded
reflex/reflex’ region). In this configuration, the 3’ end of the complement of the reflex
sequence can serve as a nucleic acid synthesis priming site. Nucleic acid synthesis from this
site is then performed in extension Step 2 producing a complement of the first domain at the
3’ end of the nucleic acid extension (shown in polynucleotide 114; extension is indicated
with dotted arrow labeled “extend”).

Denaturation of polynucleotide 114 (e.g., by heat) generates linear single stranded
polynucleotide 116. As shown in Figure 1, resultant polynucleotide 116 contains a
complement of the first domain at a position proximal to Site A (i.e., separated by only the

complement of the reflex sequence). This resultant polynucleotide may be used for any
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subsequent analysis or processing steps as desired by the user (e.g., sequencing, as a
template for amplification (linear, PCR, etc.), sequence specific extraction, etc.).

In alternative embodiments, the first domain and reflex sequence are removed from
the 5° end of the double-stranded region of polynucleotide 114 (shown in polynucleotide
118; removal is shown in the dotted arrow labeled “remove”). Removal of this region may
be accomplished by any convenient method, including, but not limited to, treatment (under
appropriate incubation conditions) of polynucleotide structure 114 with T7 exonuclease or
by treatment with Lambda exonuclease; the Lambda exonuclease can be employed so long
as the 5” end of the polynucleotide is phosphorylated. If the region is removed
enzymatically, resultant polynucleotide 118 is used in place of polynucleotide 116 in
subsequent steps (e.g., copying to reverse polarity).

In certain embodiments, polynucleotide 116 or 118 is used as a template to produce a
double stranded polynucleotide, for example by performing a nucleic acid synthesis reaction
with a primer that primes in the complement of the first domain. This step is sometimes
referred to as copying to reverse polarity of a single stranded polynucleotide, and in some
instances, the double-stranded intermediate product of this copying is not shown (see, ¢.g.,
Figure 3). For example, copying to reverse the polarity of polynucleotide 116 results in
single-stranded polynucleotide 120 having, in a 5’ to 3’ orientation, the first domain (122);
the reflex sequence (124); the complement of polynucleotide 106 (oriented with the
complement of Site A (Site A’; 126) proximal to the reflex sequence); the complement of the
reflex sequence (128); and the complement of the first domain (130).

In certain embodiments, the first domain in the polynucleotide comprises one or
more clements that find use in one or more subsequent processing or analysis steps. Such
sequences include, but are not limited to, restriction enzyme sites, PCR primer sites, linear
amplification primer sites, reverse transcription primer sites, RNA polymerase promoter
sites (such as for T7, T3 or SP6 RNA polymerase), MID tags, sequencing primer sites, ctc.
Any convenient clement can be included in the first domain and, in certain embodiments, is
determined by the desires of the user of the methods described herein.

As an exemplary embodiment, suppose we want to sequence a specific
polynucleotide region from multiple genomes in a pooled sample where the polynucleotide
region is too long to sequence in a single reaction. For example, sequencing a
polynucleotide region that is 2 kilobases or more in length using Roche 454 (Branford, CT)
technology, in which the length of a single sequencing run is about 400 bases. In this

scenario, we can design a set of left hand primers (A,) and right hand primers (B,) specific
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for the polynucleotide region that are positioned in such a way that we can obtain direct
sequences of all parts of the insert, as shown in Figure 1B. Note that the polynucleotide
shown in Figure 1B (140) has a domain (142) containing a primer site and an MID denoting
from which original sample(s) the polynucleotide is derived. Site 142 thus represents an
example of a First Domain site such identified as 122 in the Figure 1A. The polynucleotide
also includes a reflex site (144), which can be part of the polynucleotide region itself (e.g., a
genomic sequence), added in a ligated adapter domain along with the primer site and the
MID (an artificial sequence), or a combination of both (a sequence spanning the
adapter/polynucleotide junction).

It is noted here that polynucleotide 140 can be categorized as a precursor to
polynucleotide 100 in Figure 1A, as it does not include a 3’ reflex sequence complementary
to the reflex site (domain 108 in Figure 1A). As detailed below, polynucleotide 140 can be
converted to a polynucleotide having the structural configuration of polynucleotide 100, a
polynucleotide suitable as a substrate for the reflex process described herein (e.g., by primer
extension using a B, primer and reversal of polarity).

In an exemplary embodiment, each A,-B,, primer pair defines a nucleic acid region
that is approximately 400 bases in length or less. This size range is within the single-
sequencing run read length of the current Roche 454 sequencing platform; a different size
range for the defined nucleic acid region may be utilized for a different sequencing platform.
Thus, ecach product from cach reflex process can be sequenced in a single run. It is noted
here that primer pairs as shown in Figure 1B can be used to define regions 1 to 5 shown in
Figure 3 (described in further detail below).

In certain embodiments, to obtain the first part of the sequence of the polynucleotide
region (i.e., in the original structure, that part of the polynucleotide closest to the first
domain), we only need a right hand primer (e.g., Bo) and we do not need to transfer the MID
as it is within reach of this sequencing primer (i.c., the MID is within 400 bases of
sequencing primer By). All other B, primers have the reflex sequence added to their 5° ends
(“R” element shown on B primers) so that they read 5° reflex-B,. However, in certain
embodiments, the By primer does include the reflex sequence and is used in the reflex
process (along with a corresponding Ay primer) as detailed below.

As described above, we obtain a single stranded polynucleotide having, in the 5° to
3’ orientation, a primer site (e.g., for Roche 454 sequencing), an MID, a reflex sequence and
the polynucleotide to be sequenced. Numerous methods for obtaining single-stranded

polynucleotides of interest have been described and are known in the art, including in U.S.
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Patent 7,217,522, issued on May 15, 2007; U.S. Patent Application 11/377,462, filed on
March 16, 2006; and U.S. Patent Application 12/432,080, filed on April 29, 2009; each of
which is incorporated by reference herein in their entirety. For example, a single stranded
product can be produced using linear amplification with a primer specific for the primer site
of the template. In certain embodiments, the primer includes a binding moiety to facilitate
isolation of the single stranded nucleic acid of interest, e.g., to immobilize the top strand on a
binding partner of the binding moiety immobilized on a solid support. Removal of a
hybridized, non-biotinylated strand by denaturation using heat or high pH (or any other
convenient method) serves to isolate the biotinylated strand. Binding moieties and their
corresponding binding partners are sometimes referred to herein as binding partner pairs.
Any convenient binding partner pairs may be used, including but not limited to biotin/avidin
(or streptavidin), antigen/antibody pairs, ctc.

It is noted here that while the figures and description of the reflex process provided
herein depict manipulations with regard to a single stranded polynucleotide, it is not
necessarily required that the single stranded polynucleotide described or depicted in the
figures be present in the sample in an isolated form (i.e., isolated from its complementary
strand). In other words, double stranded polynucleotides may be used where only one strand
is described/depicted, which will generally be determined by the user.

The implementation of a single strand isolation step using the methods described
above or variations thereof (or any other convenient single strand isolation step) will
generally be based on the desires of the user. One example of isolating single stranded
polynucleotides is shown in Figure 2. In this Figure, a starting double stranded template
(with 5’ to 3° orientation shown as an arrow) is denatured and primed with a biotinylated
synthesis primer specific for the primer site. After extension of the primer (i.e., nucleic acid
synthesis), the sample is contacted with a solid support having streptavidin bound to it. The
biotin moiety (i.c., the binding partner of streptavidin) on the extended strands will bind to
the solid-phase streptavidin. Denaturation and washing is then performed to remove all non-
biotinylated polynucleotide strands. If desired, the bound polynucleotide, which can be used
in subsequent reflex process steps (e.g., as a template for B,, primer extension reactions),
may be cluted from the streptavidin support. Alternatively, the bound polynucleotide may
be employed in subsequent steps of the desired process while still bound to the solid support
(e.g., in solid phase extension reactions using B, primers). This process, with minor
variations depending on the template being used and the identity of the desired single

stranded polynucleotide, may be employed at any of a number of steps in which a single
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stranded product is to be isolated. It is noted that in certain embodiments, substrate bound
biotinylated polynucleotide can be used to produce and isolate non-biotinylated single
stranded products (i.c., by eluting the non-biotinylated products while leaving the
biotinylated templates bound to the streptavidin on the solid support). Thus, the specifics of
how binding partners are used to isolate single stranded polynucleotides of interest will vary
depending on experimental design parameters.

Additional single-stranded isolation/production methods include asymmetric PCR,
strand-specific enzymatic degradation, and the use of in-vitro transcription followed by
reverse transcriptase (IVT-RT) with subsequent destruction of the RNA strand. As noted
above, any convenient single stranded production/isolation method may be employed.

To the single stranded polynucleotide shown in Figure 1B we anneal one of the B,
primers having the appended reflex sequence, denoted with a capital “R” (e.g., B;) and
extend the primer under nucleic acid synthesis conditions to produce a copy of the
polynucleotide that has a reflex sequence at its 5’ end. A single stranded copy of this
polynucleotide is then produced to reverse polarity using a primer specific for the primer site
in the first domain’ (complement of the first domain 102). The resulting nucleic acid has
structure 100 shown in Figure 1A, where the first domain 102 includes the primer site and
the MID. Site A (110) in Figure 1 is determined by the specificity of the 5’ reflex-B, primer
used.

The reflex process (e.g., as shown in Figure 1) is then performed to produce a
product in which the primer site and the MID are now in close proximity to the desired site
(or region of interest (RO1)) within the original polynucleotide (i.e., the site defined by the
primer used, ¢.g., By). The resulting polynucleotide can be used in subsequent analyses as
desired by the user (e.g., Roche 454 sequencing technology).

It is noted here that, while not shown in Figure 1A and 1B, any convenient method
for adding adapters to a polynucleotide to be processed as described herein may be used in
the practice of the reflex process (adapters containing, ¢.g., primer sites, polymerase sites,
MIDs, restriction enzyme sites, and reflex sequences). For example, adapters can be added
at a particular position by ligation. For double stranded polynucleotides, an adapter can be
configured to be ligated to a particular restriction enzyme cut site. Where a single stranded
polynucleotide is employed, a double stranded adapter construct that possesses an overhang
configured to bind to the end of the single-stranded polynucleotide can be used. For
example, in the latter case, the end of a single stranded polynucleotide can be modified to

include specific nucleotide bases that are complementary to the overhang in the double
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stranded adaptor using terminal transferase and specific nucleotides. In other embodiments,
PCR or linear amplification methods using adapter-conjugated primers is employed to add
an adapter at a site of interest. Again, any convenient method for producing a starting
polynucleotide may be employed in practicing the methods of the subject invention.

In certain embodiments, the nucleic acid may be sequenced directly using a
sequencing primer specific for the primer site. This sequencing reaction will read through
the MID and desired site in the insert.

In certain embodiments, the polynucleotide may be isolated (or fractionated) using an
appropriate A, primer (e.g., when using B, as the first primer, primer A; can be used). In
certain embodiments, the A, primed polynucleotide is subjected to nucleic acid synthesis
conditions to produce a copy of the fragment produced in the reflex process. In certain of
these embodiments, the A, primer has appended on its 5° end a primer site that can be used
in subsequent steps, including sequencing reactions. Providing a primer site in the A, primer
allows amplifying and/or sequencing from both ends of the resultant fragment: from the
primer site in the first domain 102 and the primer site in the A, primer (not shown in Figure
1B). Because of the position of the primer sites and their distance apart (i.e., less than one
sequencing run apart), sequencing from both ends will usually capture the sequence of the
desired site (or ROI) and the sequence of the MID, which can be used for subsequent
bioinformatic analyses, e.g., to positively identify the sample of origin. It is noted here that
while sequencing in both directions is possible, it is not necessary, as sequencing from either
primer site alone will capture the sequence of the ROT as well as its corresponding MID
sequence.

Note that in certain embodiments, the first fragment obtained by
amplification/extension from primer By directly, the polarity of the ROI in the resulting
fragment is reversed as compared to the ROI in fragments obtained by primers B1-B,. This
is because the Bg-generated fragment, unlike the B1-B, generated fragments, has not been
subjected to a reflex process which reverses the orientation of the ROI sequence with respect
to the first domain/reflex sequence (as described above). Therefore, the By primer may have
appended to it a primer site (e.g., at its 5° end) that can be used for subsequent amplification
and/or sequencing reactions (e.g., in Roche 454 sequencing system) rather than a reflex
sequence as with primers B;-B,. However, in certain embodiments, as noted above, the
reflex process may be used with a corresponding By-A, primer pair as described above, i.e.,
using a By primer having a 5’ reflex sequence and a corresponding A primer with its

corresponding 5’ adapter domain (e.g., a primer site).
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It is noted here that because the particular sections of sequence to be analyzed are
defined by the A,-B, primer pairs (as shown and described above), a much higher sequence
specificity is achieved as compared to using previous extraction methods that employ only a
single oligo binding event (¢.g., using probes on a microarray).

Figure 3 provides a detailed flow chart for an exemplary embodiment that employs
reflex sequences for use in sequencing multiple specific regions in a polynucleotide (i.e.,
regions 1, 2, 3,4 and 5 in an 11kb region of lambda DNA).

A single parent DNA fragment 202 is generated that includes adapter domains (i.c., a
Roche 454 sequencing primer site, a single MID, and a reflex sequence) and the sequence of
interest. In the example shown, the sequence of interest is from lambda DNA and the reflex
sequence is present on the top strand (with its complement shown in the bottom strand).
Any convenient method for producing this parent DNA fragment may be used, including
amplification with a primer that includes the adapter domains (e.g., using PCR), cloning the
fragment into a vector that includes the adapter domains (e.g., a vector with the adapter
domains adjacent to a cloning site), or by attaching adapters to polynucleotide fragments
(c.g., fragment made by random fragmentation, by sequence-specific restriction enzyme
digestion, or combinations thereof). While only a single fragment with a single MID is
shown, the steps in Figure 3 are applicable to samples having multiple different fragments
each with a different MID, e.g., a sample having a population of homologous fragments
from any number of different sources (e.g., different individuals). Figure 3 describes the
subsequent enzymatic steps involved in creating the five daughter fragments in which
regions 1, 2, 3, 4 and 5 (shown in polynucleotide 204) are rearranged to be placed within a
functional distance of the adapter domains (i.c., close enough to the adapter domains to be
sequenced in a single Roche 454 sequencing reaction). Note that certain steps are shown for
region 4 only (206).

In step 1, the five regions of interest are defined within the parent fragment (labeled 1
to 5 in polynucleotide 204) and corresponding primer pairs are designed for each. The
distance of each region of interest from the reflex sequence is shown below polynucleotide
204. The primer pairs are designed as described and shown in Figure 1B (i.e., the A,-B,
primer pairs). For clarity, only primer sites for region 4 are shown in Figure 3 (“primer
sites” surrounding region 4). In step 2, sequence specific primer extensions are performed
(only region 4 is shown) with corresponding B, primers to produce single stranded
polynucleotides having structure 208 (i.e., having the reflex sequence on the 5° terminus).

As shown, the B, primer for region 4 will include a sequence specific primer site that primes
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at the 3’-most primer site noted for region 4 (where “3’-most” refers to the template strand,
which in Figure 3 is the top strand).  This polynucleotide is copied back to produce
polynucleotide 210 having reversed polarity (e.g., copied using a primer that hybridizes to
the 454A” domain). Polynucleotide 210 has structure similar to polynucleotide 100 shown at
the top of Figure 1. Step 4 depicts the result of the intramolecular priming between the
reflex sequence and its complement followed by extension to produce the MID’ and 454A°
structures at the 3° end (polynucleotide 212). In the embodiments shown in Figure 3,
polynucleotide 212 is treated with T7 exonuclease to remove double stranded DNA from the
5’ end (as indicated above, this step is optional). The polynucleotide formed for region 4 is
shown as 216 with polynucleotides for the other regions also shown (214).

It is noted here that the formation of each of the polynucleotides 214 may be
accomplished either in separate reactions (i.e., structure with region 1 in proximity to the
adapter domains is in a first sample, the structure with region 2 in proximity to the adapter
region is in a second sample, etc.) or in one or more combined sample.

In step 6 the polynucleotides 214 are copied to reverse polarity to form
polynucleotides 218. In step 7, each of these products are then primed with the second
primer of the specific primer pair (see A, primers as shown in Figure 1B) each having a
second Roche 454 primer site (454B) attached at the 5° end, and extended to form products
220. Steps 6 and 7 may be combined (e.g., in a single PCR or other amplification reaction).

In summary, Figure 3 shows how the reflex process can be employed to produce five
daughter fragments 220 of similar length (e.g., ~500 bp) each of which contain DNA
sequences that differ in their distance from the reflex sequence in the starting structure 202
while maintaining the original MID.

Figure 4 shows another exemplary use of the reflex process as described herein. In
the embodiment shown in Figure 4, a target sequence (i.c., containing region of interest “E”)
is enriched from a pool of adapter-attached fragments. In certain embodiments, the
fragments are randomly sheared, selected for a certain size range (e.g., DNA having a length
from 100 to 5000 base pairs), and tagged with adapters (e.g., asymmetric adapters, e.g., as
described in US Patent Application Ser. No. 12/432,080, filed on April 29, 2009). The
asymmetric adaptor employed in Figure 4 contains a sequencing primer site (454A, as used
in the Roche 454 sequencing platform), an MID, an X sequence, and an internal stem region
(ISR), which denotes the region of complementarity for the asymmetric adapter that is
adjacent to the adapter attachment site (see, ¢.g., the description in US Application Ser. No.

12/432,080, filed on April 29, 2009, incorporated herein by reference in its entirety). The X
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sequence can be any sequence that can serve as a binding site for a polynucleotide
containing the complement of the X sequence (similar to a primer site). As described below,
the X sequence allows for the annealing of an oligonucleotide having a 5’ overhang that can
serve as a template for extension of the 3 end of the adaptor oligonucleotide. The
sequencing direction of the sequencing primer site (454 A primer site in structure 401 of
Figure 4) is oriented such that amplification of the adapter ligated fragment using the
sequencing primer site proceeds away from the ligated genomic insert. This has the effect of
making the initial asymmetric adapter ligated library ‘inert’ to amplification using this
primer, e.g., in a PCR reaction.

To extract a region of interest (the “E” region), the library is mixed with an
oligonucleotide (403) containing a 3° X’ sequence and a target specific priming sequence
(the 1’ sequence) under hybridization/annealing conditions. The target specific sequence 1’
is designed to flank one side of the region of interest (the 1’ sequence adjacent to E in the
genomic insert; note that only the E-containing polynucleotide fragment is shown in Figure
4), much like a PCR primer. After annealing primer 403, the hybridized complex is
extended, whereby all of the adaptor tagged fragments will obtain the complement of the
target specific sequence (i.e., the 1 sequence) on the 3 end (see structure 405; arrows denote
the direction of extension).

Extended products 405 are then denatured and the 1/1° regions allowed to hybridize
intramolecularly in a reflex process priming event, after which nucleic acid extension is
performed to form structure 407 (extension is from the 1 priming site; shown with an arrow).
This reflex reaction creates a product (407) that, unlike its parent structure (405), has a
sequencing primer site (454A) that is oriented such the extension using this primer sequence
proceeds towards the region of interest. Thus, in the absence of a priming and extension
reflex reaction, extension with a sequencing primer will not generate a product containing
the region of interest (the E region). In other words, only E-region containing target
polynucleotides will have a 454A sequence that can amplify genomic material (structure
407).

After completing the reflex process (using 1/1” as the reflex sequences), a PCR
amplification reaction is performed to amplify the region of interest (with associated adapter
domains). However, before performing the PCR reaction, the fragment sample is
“inactivated” from further extension using terminal transferase and ddNTPs. This
inactivation prevents non-target adaptor tagged molecules from performing primer extension

from the 3° primer 1 site. Once inactivated, a PCR reaction is performed using a sequencing
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primer (i.e., 454 A primer 409) and a second primer that primes and extends from the
opposite side of the region of interest (i.e., primer 411, which includes a 5° 454B sequencing
primer site and a 3’ “2” region that primes on the opposite end of E from the 1 region). Only
fragments that have undergone the reflex process and contain the E region will be suitable
templates for the PCR reaction and produce the desired product (413).

Thus, the process exemplified in Figure 4 allows for the movement of an adapter
domain (e.g., containing functional elements and/or MID) into proximity to a desired region
of interest.

The reflex process described herein can be used to perform powerful linkage analysis
by combining it with nucleic acid counting methods. Any convenient method for tagging and
/or counting individual nucleic acid molecules with unique tags may be employed (see, ¢.g.,
U.S. Patent 7,537,897, issued on May 26, 2009; U.S. Patent 7,217,522, issued on May 15,
2007, U.S. Patent Application 11/377,462, filed on March 16, 2006; and U.S. Patent
Application 12/432,080, filed on April 29, 2009; each of which is incorporated by reference
herein in their). All of this can be conducted in parallel thus saving on the cost of labor, time
and materials.

In one exemplary embodiment, a large collection of sequences is tagged with MID
such that each polynucleotide molecule in the sample has a unique MID. In other words,
each polynucleotide in the sample (e.g., cach individual double stranded or single stranded
polynucleotide) is tagged with a MID that is different from every other MID on every other
polynucleotide in the sample. In general, to accomplish such molecular tagging the number
of distinct MID tags to be used should be many times greater than the actual number of
molecules to be analyzed. This will result in the majority of individual nucleic acid
molecules being labeled with a unique ID tag (see, e.g., Brenner et al., Proc. Natl. Acad.
Sci. USA. 2000 97(4):1665-70). Any sequences that then result from the reflex process on
that particular molecule (e.g., as described above) will thus be labeled with the same unique
MID tag and thus inherently linked. Note that once all molecules in a sample are
individually tagged, they can be manipulated and amplified as much as needed for
processing so long as the MID tag is maintained in the products generated.

For example, we might want to sequence one thousand viral genomes (or a specific
genomic region) or one thousand copies of a gene present in somatic cells. After tagging
each polynucleotide in the sample with a sequencing primer site, MID and reflex sequence
(as shown in the figures and described above), we use the reflex process to break each

polynucleotide into lengths appropriate to the sequencing procedure being used, transferring

-29 -

10x Genomics, Inc. Exhibit 2009

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00958

Page 00029



the sequencing primer site and MID to each fragment (as described above). Obtaining
sequence information from all of the reflex-processed samples can be used to determine the
sequence of each individual polynucleotide in the starting sample, using the MID sequence
to defining linkage relationships between sequences from different regions in the
polynucleotide being sequenced. Using a sequencing platform with longer read lengths can
minimize the number of primers to be used (and reflex fragments generated).

The advantages noted above are shown in Figure 5. This figure shows a comparison
of methods for identifying nucleic acid polymorphisms in homologous nucleic acids in a
sample (¢.g., the same region derived from a chromosomal pair of a diploid cell or viral
genomes/transcripts). The top schematic shows two nucleic acid molecules in a sample (1
and 2) having a different assortment of polymorphisms in polymorphic sites A, B and C (A1,
B1, C1 and C2). Standard sequencing methods using fragmentation (left side) can identify
the polymorphisms in these nucleic acids but do not retain linkage information. Employing
the reflex process described herein to identify polymorphisms (right side) maintains linkage
information. It is noted that not all domain structures and steps are shown in the reflex
process for simplicity.

Kits and Systems

Also provided by the subject invention are kits and systems for practicing the subject
methods, as described above, such vectors configured to add reflex sequences to nucleic acid
inserts of interest and regents for performing any steps in the cloning or reflex process
described herein (e.g., restriction enzymes, nucleotides, polymerases, primers, exonucleases,
etc.). The various components of the kits may be present in separate containers or certain
compatible components may be precombined into a single container, as desired.

The subject systems and kits may also include one or more other reagents for
preparing or processing a nucleic acid sample according to the subject methods. The
reagents may include one or more matrices, solvents, sample preparation reagents, buffers,
desalting reagents, enzymatic reagents, denaturing reagents, where calibration standards such
as positive and negative controls may be provided as well. As such, the kits may include one
or more containers such as vials or bottles, with each container containing a separate
component for carrying out a sample processing or preparing step and/or for carrying out
one or more steps of a nucleic acid variant isolation assay according to the present invention.

In addition to above-mentioned components, the subject kits typically further include
instructions for using the components of the kit to practice the subject methods, e.g., to

prepare nucleic acid samples for perform the reflex process according to aspects of the
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subject methods. The instructions for practicing the subject methods are generally recorded
on a suitable recording medium. For example, the instructions may be printed on a substrate,
such as paper or plastic, etc. As such, the instructions may be present in the kits as a package
insert, in the labeling of the container of the kit or components thereof (i.e., associated with
the packaging or sub-packaging) etc. In other embodiments, the instructions are present as an
electronic storage data file present on a suitable computer readable storage medium, e.g. CD-
ROM, diskette, etc. In yet other embodiments, the actual instructions are not present in the
kit, but means for obtaining the instructions from a remote source, ¢.g. via the internet, arc
provided. An example of this embodiment is a kit that includes a web address where the
instructions can be viewed and/or from which the instructions can be downloaded. As with
the instructions, this means for obtaining the instructions is recorded on a suitable substrate.

In addition to the subject database, programming and instructions, the kits may also
include one or more control samples and reagents, ¢.g., two or more control samples for use
in testing the kit.

Utility

The reflex process described herein provides significant advantages in numerous
applications, a few of which are noted below (as well as described above).

For example, as described above, certain aspects of the reflex process define the
particular sections of sequence to be analyzed by a primer pair, as in PCR (e.g., the two
oligos shown as A,-B, in Figure 1B). This results in higher sequence specificity as
compared to other extraction methods (e.g., using probes on a microarray) that only use a
single oligo sequence. The separation of the probes defines a length that can be relatively
uniform (hence making subsequent handling including amplification more uniform) and can
also be tailored to the particular sequencing platform being employed.

Further, as described above, aspects of the present invention can be used to analyze
homologous genomic locations in a multiplexed sample (i.c., a sample having
polynucleotides from different genomic samples) in which the polynucleotides are tagged
with the MID. This is possible because the reflex process, which operates intramolecularly,
maintains the MID thus linking any particular fragment to the sample from which it
originates.

Finally, as the reflex processes described herein function intramolecularly, one can
determine the genetic linkage between different regions on the same large fragment that are
too far apart to be sequenced in one sequence read. Such a determination of linkage may be

of great value in plant or animal genetics (e.g., to decide if a particular set of variations are
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linked together on the same stretch of chromosome) or in viral studies (e.g., to determine if
particular variations are linked together on the same stretch of a viral genome/transcripts,

e.g., HIV, hepatitis virus, etc.).

EXAMPLES
Example 1

Figures 6 and 7 provide experimental data and validation of the reflex process
described herein using synthetic polynucleotide substrates.
METHODS
Substrate:

The 100 base oligonucleotide substrate (as shown diagrammatically in Figure 6A) was
synthesized with internal fluorescein-dT positioned between the REFLEX and REFLEX”
sequences. This label provides convenient and sensitive method of detection of
oligonucleotide species using polyacrylamide gel electrophoresis.

Extension reactions:

Reactions were prepared which contained 1 uM of the 100 base oligonucleotide
substrate, 200 uM dNTPs, presence or absence of 1 uM competitor oligonucleotide, 0.5 ul
of each DNA polymerase (“DNAP”): Vent (NEB, 2 units/ul), Taq (Qiagen HotStarTaq 5
units/ul) and Herculase (Stratagene), and made up to 50 ul with the appropriate commercial
buffers for each polymerase and dH,0. For Taq titrations 0.5 ul, 1 ul, 2 ul, and 3 ul enzyme
was used in the same 50 ul volume. Reactions were heated in a Biometra thermocycler to 95
°C for 15 minutes (Taq) or 5 minutes (Herculase, Vent), followed by 55 °C or 50 °C for 30
seconds, and a final incubation at 72 °C for 10 minutes.

T7 exonuclease digestions:

Reactions were prepared with 10 ul extension reactions above, 0.5 ul T7 exonuclease
(NEB, 10 units/ul), and made up to 50 pl using NEB Buffer 4 and dH,0. Reactions were
incubated at 25 °C for 30 minutes.

Gel Electrophoresis analysis:

An 8% denaturing polyacrylamide gel was used to analyze reaction species. 0.4 ul
of extension reactions, and 2 ul of digestion reactions were loaded and ran at 800V for ~1.5
hours. Gels were analyzed for fluorescein using an Amersham/General Electric Typhoon

imager.
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RESULTS

Figure 6A shows the structure of each stage of reflex sequence processing with the
expected nucleic acid size shown on the left. The initial single stranded nucleic acid having
a sequencing primer site (the Roche 454 sequencing primer A site; listed as 454A); an MID;
a reflex sequence; the insert; and a complement of the reflex sequence is 100 nucleotides in
length. After self-annealing and extension, the product is expected to be 130 nucleotides in
length. After removal of the double stranded region from the 5° end, the nucleic acid is
expected to be 82 bases in length.

Figure 6B shows the results of three experiments using three different nucleic acid
polymerases (Vent, Herculase and Taq, indicated at the top of the lanes). The temperature at
which the annealing was carried out is shown at the top of each lane (either 50°C or 55°C).
The sizes of the three nucleic acids as noted above are indicated on the left and right side of
the gel.

As shown in figure 6B, extension appears to be most efficient under the conditions
used with Herculase (Herculase is a mixture of two enzymes: modified Pfu DNAP and
Archaemax (dUTPase)). Most (or all) of the initial 100 base pair nucleic acid are converted
to the 130 base pair product (see lanes 6 and 7). However, after T7 exonuclease digestion
the 3°-5' exonuclease activity of Herculase results in partial digestion of the desired 82 base
product (note bands at and below the 82 base pairs in lanes 8 and 9).

Taq, which lacks 3’-5' exonuclease activity, shows a stronger band at the expected
size of the final product after T7 exonuclease digestion (see lane 13).

Figure 7 shows the effect on the reflex process of increasing amounts of Taq
polymerase as well as the use of a reflex sequence competitor (schematically shown in
Figure 7A).

As shown in lanes 2 to 5, increased Taq concentration improves extension to ~90%
conversion of the starting nucleic acid (see lane 5). Lanes 7 to 8 show that T7 exonuclease
digestion does not leave a perfect 82 base product. This may be due to collapse of dsDNA
when T7 exonuclease has nearly completed its digestion from the 5° end in the double
stranded region of the fold-back structure. It is noted that in many embodiments, the removal
of a few additional bases from the 5’ end of the polynucleotide will not interfere with
subsequent analyses, as nucleotide bases at the 5' end are often removed during subsequent
steps.

As shown in Lanes 11-14, addition of a competitor (which can interfere with

annecaling of the reflex sequences to form the fold-back structure) results in only a small
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decrease (~5-10%) of fully extended product. Thus, as expected, the intramolecular reaction
is heavily favored. Although not shown, we have observed that the competitor
oligonucleotide also gets extended by the same amount (~5-10%).

The concentration of the competitor, the concentration of the reflex substrate, and the overall
genetic complexity, will all likely affect specific results. The experiments shown in Figures
6 and 7 demonstrate that the core parts of the reflex processes as described herein is
functional and can be implemented.

Example 11

Figure 8 shows the reflex workflow (diagram at left) and exemplary results of the
workflow (gel at right) for a specific region of interest (ROI). The starting material is a
double stranded nucleic acid molecule (700) that contains a 454 A primer site, an MID, a
reflex site, and a polynucleotide of interest having three ROIs (2, 3 and 4) at different
locations therein. This starting material was subjected to reflex processes (as described in
above) specific for ROI 2 as shown in the diagram at the left of the figure, both with and
without the use of a T7 exonuclease step (the T7 exonuclease step is shown in the diagram is
indicated as “Optional™).

Completion of all steps shown in the reflex process should result in a double stranded
polynucleotide of 488 base pairs (702) with or without the T7 exonuclease step.

As shown in the gel on the right of Figure 8, the 488 base pair product was produced
in reflex processes with and without the T7 exonuclease step.

Figure 9 shows an exemplary protocol for a reflex process based on the results
discussed above. The diagram shows specific reflex process steps with indications on the
right as to where purification of reaction products is employed (e.g., using Agencourt SPRI
beads to remove primer oligos). One reason for performing such purification steps is to
reduce the potential for generating side products in a reaction (e.g., undesirable amplicons).
While Figure 9 indicates three purification steps, fewer or additional purification steps may
be employed depending on the desires of the user. It is noted that the steps of reversing
polarity, reflex priming and extension, and “stretch out” (or denaturation) / second reversing
polarity step can be performed without intervening purification steps.

The protocol shown in Figure 9 includes the following steps:

annealing a first primer containing a 5' reflex sequence (or reflex tail, as noted in the
figure) specific for the 3’ primer site for the R’ region to the starting polynucleotide and

extending (the primer anneals to the top strand at the primer site at the right of R in
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polynucleotide 902, indicated with a *; this step represents the first denature, anneal and
extend process indicated on the right);

after purification, adding a 454A primer and performing three cycles of denaturing,
annealing and extending: the first cycle results in the copy-back from the 454A primer to
reverse the polarity of the strand just synthesized; the second cycle breaks apart the double
stranded structure produced, allows the reflex structure to form and then extend; the third
cycle results in another copy-back using the same 454A primer originally added;

after purification, adding a second primer specific for the second primer site for the
R’ region having a 5' 454B tail (this primer anneals to the primer site 3’ of the R’ region in
polynucleotide 904, indicated with a *) and denaturing, annealing and extending resulting in
a polynucleotide product having 454A and 454B sites surrounding the MID, the reflex
sequence, and R’. Note that the first primer specific for the R’ region and the second primer
specific for the R’ region define its boundaries, as described above and depicted in Figure
1B);

after another purification, adding 454A and 454B primers and performing a PCR
amplification reaction.

Example III

As described above, a reflex sequence can be an “artificial” sequence added to a
polynucleotide as part of an adapter or can be based on a sequence present in the
polynucleotide of interest being analyzed, e.g., a genomic sequence (or “non-artificial™).

The data shown in prior Examples used ““artificial” reflex sites. In this Example, the
reflex site is a genomic sequence present in the polynucleotide being analyzed.

The starting material is a double stranded DNA containing a 454A site, an MID and a
polynucleotide to be analyzed. The 454A and MID were added by adapter ligation to parent
polynucleotide fragments followed by enrichment of the polynucleotide to be analyzed by a
hybridization-based pull-out reaction and subsequent secondary PCR amplification (see
Route 1 in Figure 13). Thus, the reflex site employed in this example is a sequence normally
present at the 5° end of the subject polynucleotide (a genomic sequence). The
polynucleotide being analyzed includes a region of interest distal to the 454A and MID
sequences that is 354 base pairs in length.

This starting double stranded nucleic acid is 755 base pairs in length. Based on the
length of each of the relevant domains in this starting nucleic acid, the reflex process should

result in a product of 461 base pairs.
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Figure 10 shows the starting material for the reflex process (left panel) and the
resultant product generated using the reflex process (right panel; reflex process was
performed as described in Example 11, without using a T7 exonuclease step). A size ladder
is included in the left hand lane of each gel to allow estimation of the size of the test
material. This figure shows that the 755 base pair starting nucleic acid was processed to the
expected 461 base pair product, thus confirming that a “non-artificial” reflex site is effective
in moving an adapter domain from one location to another in a polynucleotide of interest in a
sequence specific manner.

Example IV

Figure 11 shows a schematic of an experiment in which the reflex process is
performed on a single large initial template (a “parent” fragment) to generate 5 different
products (“‘daughter” products) cach having a different region of interest (i.c., daughter
products are produced having cither region 1, 2, 3, 4 or 5). The schematic in Figure 11
shows the starting fragment (11,060 base pairs) and resulting products (each 488 base pairs)
generated from cach of the different region of interest-specific reflex reactions (reflex
reactions are performed as described above). The panel (gel) on the bottom of Figure 11
shows the larger starting fragment (Lane 1) and the resulting daughter products for each
region-specific reflex reaction (lanes 2 to 6, with the region of interest noted in each in the
box), where the starting and daughter fragments have the expected lengths. Sequencing of
the products confirmed the identity of the region of interest in each of the reflex products
shown in the gel. These results demonstrate that multiple different reflex products can be
generated from a single, asymmetrically tagged parent fragment while maintaining the
adapter domains (c.g., the primer sites and MID).

Example V

Figure 12 details experiments performed to determine the prevalence of
intramolecular rearrangement (as desired in the reflex process) vs. intermolecular
rearrangement. Intermolecular rearrangement is undesirable because it can lead to the
transfer of an MID from one fragment to another (also called MID switching). MID
switching can occur if a reflex sequence in a first fragment hybridizes to its complement in a
second fragment during the reflex process, leading to appending the MID from the second
fragment to the first fragment. Thus, intermolecular rearrangement, or MID switching,
should be minimized to prevent the transfer of an MID from one fragment in the sample to

another, which could lead to a misrepresentation of the source of a fragment.
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To measure the prevalence of MID switching under different reflex conditions,
fragments having different sizes were generated that included two different MIDs, as shown
in the top panel of Figure 12. The common sequence on these fragments serves as the
priming site for the first extension reaction to add the second reflex sequence (see, ¢.g., step
2 of Figure 3). Three exemplary fragments are shown in Figure 12 for each different
fragment size (i.e., 800 base pairs with an MIDB and MIDA combination; 1900 base pairs
with MIDC and MIDA combination; and 3000 base pairs with MIDD and MIDA
combination). For each MID family (A, B, C and D), there are 10 different members (i.c.,
MIDA had 10 different members, MIDB has 10 different members, etc.). A sect of 10 dual
MID fragments for each different size fragment (i.e., 800, 1900 and 3000 base pairs) were
generated, where the MID pairs (i.e., MIDA/MIDB, MIDA/MIDC, and MIDA/MIDD) were
designated as 1/1, 2/2, 3/3, 4/4, 5/5, 6/6, 7/7, 8/8, 9/9, and 10/10. All 10 fragments of the
same size were then mixed together and a reflex protocol was performed.

Due to the domain structure of the fragments, a successful reflex process results in
the two MIDs for cach fragment being moved to within close enough proximity to be
sequenced in a single read using the Roche 454 sequencing platform (see the reflex products
shown in the schematic of Figure 12). The reflex reactions for each fragment size were
performed at four different fragment concentrations to determine the effect of this parameter,
as well as fragment length, in the prevalence of MID switching. The reflex products from
each reaction performed were subjected to 454 sequencing to determine the identity of both
MIDs on each fragment, and thereby the proportion of MID switching that occurred.

The panel on the bottom left of Figure 12 shows the rate of MID switching (Y axis,
shown in % incorrect {or switched) MID pair) for each different length fragment at each
different concentration (X axis; 300, 30, 3 and 0.3 nM). As shown in this panel, the MID
switch rate decreases with lower concentrations, as would be expected, because
intermolecular, as opposed to intramolecular, binding events are concentration dependent
(i.c., lower concentrations lead to reduced intermolecular hybridization/binding). In
addition, the MID switch rate decreases slightly with length. This is somewhat unexpected
as the ends of longer DNA fragments are effectively at a lower concentration with respect to
one another. The reasons for why we do not sce this is probably because the production of
reflex priming intermediates continues during the final PCR, which means that reflex
priming reactions are happening continuously which contributes to MID switching. It is
probably the case that the shorter reflex products are able to undergo a higher rate of

'‘background' reflexing, and therefore increase the overall MID switch rate a little.
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These results demonstrate that MID switching can be minimized (e.g., to below 2%,
below 1% or even to nearly undetectable levels) by altering certain parameters of the
reaction, e.g., by reducing fragment concentration and/or fragment length.

The panel on the bottom right of Figure 12 shows the frequency of MID switching in
the reflex process for the 800 base pair fragments (i.e., MIDA/MIDB containing fragments).
In this figure, the area of each circle is proportional to the number of reads containing the
corresponding MIDA and MIDB species (e.g., MIDA1/MIDB1; MIDA1/MIDB2; etc.).
Thus, a circle representing 200 reads will be 40 times larger in terms of area than a circle
representing 5 reads.

As noted above, the MIDA/MIDB combinations having the same number (shown on
the X and Y axis, respectively) represent the MIDA/MIDB combinations present in the
sample prior to the reflex process being performed (i.e., MIDA/MIDB combinations 1/1, 2/2,
3/3, 4/4,5/5, 6/6,7/7, 8/8, 9/9, and 10/10 were present in the starting sample). All other
MIDA/MIDB combinations identified by Roche 454 sequencing were the result of MID
switching.

This figure shows that the MID switching that occurs during the reflex process is
random, i.c., that MID switching is not skewed based on the identity of the MIDs in the
reaction).

Exemplary Reflex Protocols

Figure 13 shows a diagram of exemplary protocols for performing the reflex process
on pools of nucleic acids, for example, pools of nucleic acids from different individuals,
cach of which are labeled with a unique MID. In Route 3, a pooled and tagged extended
library is subjected directly to a reflex process. In Route 2, the pooled library is enriched by
target-specific hybridization followed by performing the reflex process. In Route 1 employs
enrichment by PCR amplification. As shown in Figure 13, PCR enrichment can be
performed directly on the pooled tagged extended library or in a secondary PCR reaction
after a hybridization-based enrichment step has been performed (as in Route 2) to generate
an amplicon substrate that is suitable for the reflex process. Additional routes for preparing
a polynucleotide sample for performing a reflex process can be implemented (e.g., having
additional amplification, purification, and/or enrichment steps), which will generally be
dependent on the desires of the user.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to

those of ordinary skill in the art in light of the teachings of this invention that certain changes
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and modifications may be made thereto without departing from the spirit or scope of the
appended claims.

Accordingly, the preceding merely illustrates the principles of the invention. It will
be appreciated that those skilled in the art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody the principles of the invention
and are included within its spirit and scope. Furthermore, all examples and conditional
language recited herein are principally intended to aid the reader in understanding the
principles of the invention and the concepts contributed by the inventors to furthering the art,
and are to be construed as being without limitation to such specifically recited examples and
conditions. Moreover, all statements herein reciting principles, aspects, and embodiments of
the invention as well as specific examples thercof, are intended to encompass both structural
and functional equivalents thereof. Additionally, it is intended that such equivalents include
both currently known equivalents and equivalents developed in the future, i.c., any ¢lements
developed that perform the same function, regardless of structure. The scope of the present
invention, therefore, is not intended to be limited to the exemplary embodiments shown and
described herein. Rather, the scope and spirit of present invention is embodied by the

appended claims.
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CLAIMS

That which is claimed is:
1. A method of moving a domain in a nucleic acid, the method comprising:

a) annealing a reflex sequence in a polynucleotide strand in a sample with a
complement of the reflex sequence present in the polynucleotide strand, wherein the
polynucleotide strand comprises the following in a 5° to 3° orientation:

a first domain;

the reflex sequence;

a polynucleotide of interest; and

the complement of the reflex sequence, wherein the complement of the reflex
sequence is present at the 3’ end of the polynucleotide strand; and

b) extending from the 3’ end of the complement of the reflex sequence through the
first domain to produce a double stranded region;

whereby a complement of the first domain is present at the 3° end of the extended

polynucleotide strand, thereby moving the first domain in the polynucleotide strand.

2. The method of claim 1, wherein the first domain comprises a multiplex identifier (MID).

3. The method of claim 1, wherein the first domain comprises a primer site.

4. The method of claim 1, wherein the reflex sequence is from 10 to 50 nucleotides in length.

5. The method of claim 1, wherein the reflex sequence comprises an RNA polymerase site.

6. The method of claim 1, the method further comprising removing the first domain and the

reflex sequence from the 5° end of the double stranded region.

7. The method of claim 6, wherein the removing step comprises treating the nucleic acid of

step b with T7 exonuclease.

8. The method of claim 1, wherein the first domain is present in an adapter region attached to

the polynucleotide of interest.
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9. The method of claim &, wherein the reflex sequence is present in the adapter region.

10. The method of claim 8, wherein the reflex sequence is a sequence present within the 5°

region of the polynucleotide of interest.

11. The method of claim 1, wherein the sample is a multiplexed sample, wherein the first
domain in each of the polynucleotide strands in the multiplexed sample comprises a MID

corresponding to its parental sample.

12. The method of claim 1, wherein the sample comprises multiple polynucleotide strands,
and wherein each polynucleotide strand in the sample comprises a unique MID in the first

domain.

13. The method of claim 1, wherein the polynucleotide strand is produced by:
annealing a nucleic acid synthesis primer to a parent polynucleotide strand, wherein
the parent polynucleotide strand comprises the following in a 5° to 3” orientation:
the first domain;
the reflex sequence; and
a second domain comprising the polynucleotide of interest;
wherein the nucleic acid synthesis primer comprises:
a 3’ priming domain that is complementary to a site adjacent to and 3’ of the
polynucleotide of interest in the second domain; and
a 5’ reflex sequence;
extending the nucleic acid synthesis primer to produce an extension product; and
replicating the resultant extension product with a second nucleic acid synthesis
primer that anneals at the 3’ end of the complement of the first domain, thereby producing

the polynucleotide strand.

14. The method of claim 13, wherein the length of the second domain is from 30 bases to 30

kilobases.

15. The method of claim 13, wherein the parent polynucleotide strand is enriched prior to the

annealing step based on its sequence.
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16. The method of claim 1, further comprising the steps of:

¢) replicating the polynucleotide strand of step b with a first nucleic acid synthesis
primer that anneals at the 3” end of the complement of the first domain to produce a first
extension product;

d) annealing a second nucleic acid synthesis primer to the first extension product,
wherein the second nucleic acid synthesis primer comprises a 3’ priming domain that is
complementary to a site within the polynucleotide of interest in the first extension product;
and

e) extending the second synthesis primer to produce a second extension product.

17. The method of claim 16, wherein the second synthesis primer comprises a 5’ domain

that is not complementary to the polynucleotide of interest in the first extension product.

18. The method of claim 17, wherein the first domain comprises a first primer site and the 5’

domain of the second synthesis primer comprises a second primer site.

19. The method of claim 18, wherein the length of the polynucleotide of interest in the

second extension product is from 50 to 10,000 nucleotides.

20. A polynucleotide strand comprising the following in a 5’ to 3’ orientation:
a first domain;
a reflex sequence;
a polynucleotide of interest; and
a complement of the reflex sequence, wherein the complement of the reflex sequence

is present at the 3” end of the polynucleotide strand.
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ABSTRACT OF THE DISCLOSURE

Aspects of the present invention are drawn to processes for moving a region of
interest in a polynucleotide from a first position to a second position with regard to a domain
within the polynucleotide, also referred to as a “reflex method”. In certain embodiments, the
reflex method results in moving a region of interest into functional proximity to specific
domain elements present in the polynucleotide (e.g., primer sites and/or MID).
Compositions, kits and systems that find use in carrying out the reflex processes described

herein are also provided.
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Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (®) Customer Number ‘ (O US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number 93726
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Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reducticn Act of 1985, no persons are required to respend to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

CGLC-020CON4

Application Number

Title of Invention

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119{e}, 120, 121, or 365(c) or indicate National Stage

entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required
by 35 U.5.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the application number blank.

by selecting the Add button.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Continuation of 14021790 2013-09-09
Prior Application Status | Patented
roedien | conmiyype | PreyspRicson [ A T patent umber | oaoy
14021790 Continuation of 13859450 2013-04-09 8563274 2013-10-22
Prior Application Status | Abandoned
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
13859450 Continuation of 13622872 2012-09-19
Prior Application Status | Patented
Aﬁzlﬁzgcr)n Continuity Type Priorr\lﬁ;r)]:)ll)ig?tion (Y\'(:\"(i\r;?MDl\i—th) Patent Number (Y\I,s\fgfeM[ﬁ_t[e)D)
13622872 Continuation of 13387343 2012-02-15 8298767 2012-10-30
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
13387343 a 371 of international 1B2010002243 2010-08-13
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
1B2010002243 Claims benefit of provisional 61288792 2009-12-21
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
1B2010002243 Claims benefit of provisional 61235595 2009-08-20
Additional Domestic Benefit/National Stage Data may be generated within this form v

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for refrieval under the priority document exchange program (PDX) ithe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and {2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{g)(1).
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reducticn Act of 1985, no persons are required to respend to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | CGLC-020CON4

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

| Remove |

Application Number Country i Filing Date (YYYY-MM-DD} Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPQ),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c} and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-{d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.
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Attorney Docket Number | CGLC-020CON4

Application Data Sheet 37 CFR 1.76 ——
Application Number

Title of Invention | Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(&) Assignee (O Legal Representative under 35U.S.C. 117 (O  Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor ;

If the Applicant is an Organization check here.

Organization Name Population Genetics Technologies LTD

Mailing Address Information:

Address 1 Babraham Research Campus

Address 2

City Cambridge State/Province

Country i| GB Postal Code CB22 3AT
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assignee is an Organization check here. ]
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number | CGLC-020CON4

Application Number

Title of Invention | Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

Prefix

Given Name

Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code

Phone Number

Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add butten.

Signature:
NOTE: This form must be sighed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications
Signature |/James S. Keddie,Reg. No. 48,920/ Date (YYYY-MM-DD)| 2014-02-04
First Name | James S. Last Name | Keddie Registration Number | 48920
Additional Signature may be generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine

whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in

order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.8.C. 181) and for review pursuant to the Atomic Energy Act (42 U.8.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency’s responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 18112419

Application Number: 14172694

International Application Number:

Confirmation Number: 2029
Title of Invention: Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
First Named Inventor/Applicant Name: Sydney Brenner
Customer Number: 93726
Filer: James Samuel Keddie

Filer Authorized By:

Attorney Docket Number: CGLC-020CON4
Receipt Date: 04-FEB-2014
Filing Date:
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Application Type: Utility under 35 USC 111(a)

Payment information:
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Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 39
Claims 40 42
Abstract 43 43
Warnings:
Information:
. A 1552139
5 Drawings-only bIaFk and white line CGLC-020CON4-Figures.pdf no 13
drawings
b2007392d68c5bb579ae40e91ee5d9afdcd
e4289
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3 Application Data Sheet CGLC-020CON4-ADS.pdf no 8
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 14172694 . Document Date: 02/04/2014

The presence of this form in the IFW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

¢ Drawings — Other than Black and White Line Drawings

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is recorded in
PALM, and no paper documents or physical media exist. The TIFF images in the IFW record were created
from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions below.

At the time of document entry (noted above):
e Examiners may access SCORE content via the eDAN interface.
e Other USPTO employees can bookmark the current SCORE URL
(http://Score.uspto.gov/ScoreAccessWeb/).
» External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: September 30,2013
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
Q. Box 1450

Alexandria, Virginia 22313-1450
WWW.USPLO.gOV.

AP%JE?QQON I 33111(::1)NSA(’)15E G%%?T I FIL FEE RECD I ATTY DOCKET.NO ITOT CLAIMSIIND CLAIMSl
14/172,694 02/04/2014 1636 0.00 CGLC-020CON4 20
CONFIRMATION NO. 2029
93726 FILING RECEIPT
EPA - Bozicevic Field & Francis LLP
Bozicevic, Field & Francis AL AEAR QAN
1900 University Ave 000000066 733957
Suite 200

East Palo Alto, CA 94303
Date Mailed: 02/25/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

SYDNEY BRENNER, Ely, UNITED KINGDOM;

Gl MIKAWA, Great Shelford, UNITED KINGDOM,;

ROBERT OSBORNE, Great Chesterford, UNITED KINGDOM,;

ANDREW SLATTER, London, UNITED KINGDOM,;
Applicant(s)

Population Genetics Technologies LTD, CAMBRIDGE, UNITED KINGDOM
Assignment For Published Patent Application

Population Genetics Technologies LTD, CAMBRIDGE, UNITED KINGDOM

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 14/021,790 09/09/2013
which is a CON of 13/859,450 04/09/2013 PAT 8563274
which is a CON of 13/622,872 09/19/2012 ABN
which is a CON of 13/387,343 02/15/2012 PAT 8298767
which is a 371 of PCT/IB2010/002243 08/13/2010
which claims benefit of 61/288,792 12/21/2009
and claims benefit of 61/235,595 08/20/2009

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 02/20/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/172,694

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/172,694
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
A o) N/A N/A N/A 70 N/A
SEARCH FEE
R e ) N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 GFR 1.18(0). (). or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ] *
(37 CFR 1.16(7)) 20 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 2 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART II
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total . i - =
s (37 CFg ?.15(\)) Minus = OR -
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
w Total * Minus A = =
= (37 CFg ?.15(\)) OR -
% Independent * Minus | *** = _ OR -
w (37 CFR 1.16(h)) - -
E: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1430

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT |

ATTY. DOCKET NO./TITLE |

14/172,694 02/04/2014 SYDNEY BRENNER CGLC-020CON4
CONFIRMATION NO. 2029

93726 FORMALITIES LETTER

EPA - Bozicevic Field & Francis LLP

Bozicevic, Field & Francis R AL
1900 University Ave 000000066 733958

Suite 200

East Palo Alto, CA 94303
Date Mailed: 02/25/2014

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
* The application search fee must be submitted.
* The application examination fee must be submitted.
« Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
« late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification

of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SB/15A and 15B.)

+ $ 70 basic filing fee.

+$ 70 surcharge.

+$ 300 search fee.

+ $ 360 examination fee.

+ $(0.00) previous unapplied payment amount.
+$ 800 TOTAL FEE BALANCE DUE.

ltems Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
page 1 of 2
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oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

* A properly executed inventor's oath or declaration has not been received for the following inventor(s):
SYDNEY BRENNER
GI MIKAWA
ROBERT OSBORNE
ANDREW SLATTER

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/fberhane/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2
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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)

Approved fer use through 07/31/2012. OMB 0651-0031
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persens are required to respeond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 14172694

Filing Date

2014-02-04

First Named Inventor ‘ BRENNER, Sydney

Art Unit

| 1636

Examiner Name ‘

Attorney Docket Number

| CGLC-020CON4

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
1 6723513 2004-04-20 LEXOW, Preben
2 7544473 2009-06-09 BRENNER, Sydney
3 7700325 2010-04-20 CANTOR, etal.
4 8101346 2012-01-24 TAKAHAMA, Shinichiro
5 8208767 2012-10-30 BRENNER, et al.
6 8318460 2012-11-27 CANTOR, et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Examiner
Initial*

Cite No

Publication
Number

Kind
Code?

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

14172694

Filing Date

2014-02-04

First Named Inventor ‘ BRENNER, Sydney

Art Unit

| 1636

Examiner Name ‘

Attorney Docket Number

| CGLC-020CON4

1 20040224331 2004-11-11 CANTOR, et al.

2 20060008799 2006-01-12 CAl, etal.

3 20070020640 2007-01-25 MCCLOSKEY, etal.

4 20070238113 2007-10-11 KANDA, et al.

5 20070259357 2007-11-08 BRENNER, Sydney

6 20090155780 2009-06-18 XIAO, et al.

7 20100086914 2010-04-08 BENTLEY, et al.

8 20100113296 2010-05-06 MYERSON, Joel

9 20100120098 2010-05-13 GRUNENWALD, et al.
10 20110287435 2011-11-24 GRUNENWALD, et al.
1" 20120208724 2012-08-16 STEEMERS, et al.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

14172694

Filing Date

2014-02-04

First Named Inventor ‘ BRENNER, Sydney

Art Unit

| 1636

Examiner Name ‘

Attorney Docket Number

| CGLC-020CON4

12 20120316074 2012-12-13 SAXONQV, Serge
13 20130059310 2013-03-07 BRENNER, et al.
If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or

Pages,Columns,Lines

Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant T5
Initial* No | Number3 Code? | Code4| Date P Passages or Relevant
Document -
Figures Appear
1 |EP1841870 EP 2007-10-10 | SGMPASS GENETICS, M
2 EP1672064 EP 2006-06-21 RIKEN |:|
THE REGENTS OF THE
3 WQC200190418 WO 2001-11-29 UNIVERSITY OF |:|
CALIFORNIA
4 W02004061083 WO 2004-07-22 [ AMGEN INC ]
THE TRUSTEES OF
5 WQC2004065617 wo 2004-08-05 BOSTON UNIVERSITY D
6 | w02007018601 wo 2007-02-15 | 37PICON GENOMICS, H
7 WQ2008150432 wo 2008-12-11 454 LIFE SCIENCES |:|

CORPORATION
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Application Number 14172694

Filing Date 2014-02-04
INFORMATION DISCLOSURE First Named Inventor ‘ BRENNER, Sydney
STATEMENT BY APPLICANT At Un
nit | 1636

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number |CGLC-OZOCON4

THE BOARD OF
8 W02013036929 WO 2013-03-14 | TRUSTEES OF THE []
LELAND STANFORD...
9 (]
If you wish to add additional Foreign Patent Document citation information please click the Add butten ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . '
1w (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . ) .
publisher, city and/or country where published.
1 BOULANGER, et al, "Massively parallel haplotyping on microscopic beads for the high-throughput phase analysis of D
single molecules”, PLoS One, Vol 7:1-10, 2012.
9 CASBON, et al, "Reflex: intramolecular barcoding of long-range PCR products for sequencing multiple pooled DNAs", D
Nucleic Acids Res., Pages 1-6, 2013.
3 FAN, et al, "Whole-genome molecular haplotyping of single cells", Nat Biotechnol., 29: 51-59, 2011. D
4 HIATT, et al, "Parallel, tag-directed assembly of locally derived short sequence reads”, Nat Methods., 7:119-122, 2010. |:|
5 IMBURGIQ, et al, "Studies of promoter recognition and start site selection by T7 RNA polymerase using a D
comprehensive collection of promoter variants"”, Biochemistry., 39:10419-30, 2000.
6 KAPER, et al, "Whole-genome haplotyping by dilution, amplification, and sequencing”, Proc Natl Acad SciU. S_A | D
110: 5552-7, 2013.
7 KIRKNESS, et al, "Sequencing of isolated sperm cells for direct haplotyping of a human genome", Genome Res., 23: D

826-32, 2013.
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Application Number 14172694

Filing Date 2014-02-04
INFORMATION DISCLOSURE First Named Inventor ‘ BRENNER, Sydney
STATEMENT BY APPLICANT At Un
nit | 1636

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number |CGLC-OZOCON4

8 KITZMAN, et al, "Haplotype-resolved genome sequencing of a Gujarati Indian individual”, Nat Biotechnol.,
29:59-63, 2011.

9 KOZAREWA, et al. "Amplification-free lllumina sequencing-library preparation facilitates improved mapping and
assembly of GC-biased genomes”, Nat Methods_, 6: 291-5, 2009.

10 KONAREWA, et al, "96-plex molecular barcoding for the lllumina Genome Analyzer”, Methods Mol Biol., 733:279-98,
2011.

11 KWCQCK, et al, "Single-molecule analysis for molecular haplotyping”, Hum Mutat., 23:442-6, 2004.

12 LAIRD, et al, "Hairpin-bisulfite PCR: Assessing epigenetic methylation patterns on complementary strands of individual
DNA molecules”, 101:204-9, 2004.

13 LUNDIN, et al, "Hierarchical molecular tagging to resolve long continuous sequences by massively parallel
sequencing”, Sci Rep., 3:1186, 2003.

14 QYOLA, et al, "Optimizing lllumina next-generation sequencing library preparation for extremely AT-biased genomes”,
BMC Genomics.,13:1, 2012.

15 PCT/IB2010/002243, International Search Report and Written Opinion, Mailed February 9, 2011, 13 pages.

16 REISNER, et al, "Single-molecule denaturation mapping of DNA in nanofluidic channels”, Proc Natl Acad Sci U.S.A_,
107: 13294-9, 2010.

17 SCHWARTYZ, et al, "Capturing native long-range contiguity by in situ library construction and optical sequencing”,
PNAS, 109:18749-54, 2012.

18 TURNER, et al, "Assaying chromosomal inversions by single molecule haplotyping”, Nat Methods., 3:439-445, 20086.
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Application Number 14172694

Filing Date 2014-02-04
INFORMATION DISCLOSURE First Named Inventor ‘ BRENNER, Sydney
STATEMENT BY APPLICANT At Un
nit | 1636

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number |CGLC-OZOCON4

19 TURNER, et al, "High-throughput haplotype determination over long distances by haplotype fusion PCR and ligation
haplotyping”, Nat Protoc., 4:1771-83, 2009.

20 USHIJIMA, "Detection and interpretation of altered methylation patterns in cancer cells", Nat Rev Cancer., 3:223-31,
2005.

21 VAN NIEUWERBURGH, et al, "lllumina mate-paired DNA sequencing-library preparation using Cre-Lox
recombination”, Nucleic Acids Res., 40:1-8, 2012.
WANG, et al, "Self-Formed Adaptor PCR: a Simple and Efficient Method for Chromosome Walking”, Appl Environ

22 Microbiol., 15: 5048-51, 2007.

23 XIAQ, et al, "Determination of haplotypes from single DNA molecules: a method for single-molecule barcoding”, Hum
Mutat., 28:913-21, 2007.

24 YAN, et al, "Rapid one-step construction of hairpin RNA", Biochem Biophys Res Commun., 4:464-8, 2009.

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in confermance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if

English language translation is attached.
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Application Number 14172694

Filing Date 2014-02-04
INFORMATION DISCLOSURE First Named Inventor ‘ BRENNER, Sydney
STATEMENT BY APPLICANT At Un
nit | 1636

( Not for submission under 37 CFR 1.99)

Examiner Name ‘

Attorney Docket Number |CGLC-OZOCON4

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three menths prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}(2).

[] See attached certification statement.
[[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /James S. Keddie, Reg. No. 48,920/ Date (YYYY-MM-DD) 2014-04-02

Name/Print James S. Keddie Registration Number 48920

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1} the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S5.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which hecame abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 18644558

Application Number: 14172694

International Application Number:

Confirmation Number: 2029
Title of Invention: Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
First Named Inventor/Applicant Name: SYDNEY BRENNER
Customer Number: 93726
Filer: James Samuel Keddie

Filer Authorized By:

Attorney Docket Number: CGLC-020CON4
Receipt Date: 02-APR-2014
Filing Date: 04-FEB-2014
Time Stamp: 13:46:39
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document I . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

47318
1 T ittal Lett CGLC-020CON4- 5
ransmittal Letter IDS_Transmittal.pdf no

47341b0448c43d3816ef1 cec52c843476649)
5e92

Warnings:

Information:
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. : 615207
Information Disclosure Statement (IDS)

2 Form (SB08) CGLC-020CON4-IDS-1449.pdf no 8
358e443¢2268e1827100ca%e328f73f33¢7f|
583e
Warnings:
Information:
Total Files Size (in bytes):l 662525

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronically Filed
Attorney Docket CGLC-020CON4
First Named Brenner, Sydney
Application Number | 14/172,694

o Confirmation No. 2029
g%mg)s; 1;) :;6 for Patents Filing Date February 4, 2014
Alexandria, VA 22313-1450 Group Art Unit 1636

Examiner Name

INFORMATION
DISCLOSURE STATEMENT

Title: “Compositions and Methods for Intramolecular
Nucleic Acid Rearrangement”

Sir:

Applicants submit herewith documents which may be material to the examination of this
application and in respect of which there may be a duty to disclose in accordance with 37 C.F.R. § 1.56.
This submission is not intended to constitute an admission that any document referred to therein is "prior
art" for this invention unless specifically designated as such. A listing of the documents is shown on
enclosed Form PTO-SB/08A and a copy of each document is also enclosed.

The Examiner is requested to make the documents listed on the enclosed PTO-SB/08A of record in
this application. Applicants would appreciate the Examiner initialing and returning the initialed copy of
form PTO-SB/08A, indicating the document cited therein have been considered and made of record herein.

All of the references identified herein were disclosed in parent application serial number
14/021,790, filed 9/9/2013 and as such, copies thereof are not included pursuant to the provisions of
37 CFR § 1.98(d).

Statements

X No statement

] PTA Statement under 37 CFR § 1.704(d): Each item of information
contained in the information disclosure statement filed herewith was first cited
in any communication from a patent office in a counterpart foreign or
international application or from the Office and was not received by any
individual designated in § 1.56(c) more than thirty days prior to the filing of the

information disclosure statement.
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USSN: 14/172,694

Atty Docket No.: CGLC-020CON4
] IDS Statement under 37 CFR § 1.97(e)(1): Each item of information
contained in the information disclosure statement was first cited in any
communication from a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of the information disclosure

statement; or

[] IDS Statement under 37 CFR § 1.97(e)(2): No item of information
contained in the information disclosure statement was cited in a
communication from a foreign patent office in a counterpart foreign
application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the information
disclosure statement was known to any individual designated in § 1.56(c) more

than three months prior to the filing of the information disclosure statement.

o
o
4"
wn

No fee is believed to be due.

EIE|

The appropriate fee set forth in 37 C.E.R. §1.17(p) accompanies this information disclosure

statement.

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of
$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due
with any communication for the above referenced patent application, including but not limited to any
necessary fees for extensions of time, or credit any overpayment of any amount to Deposit Account No.
50-0815, order number CGLC-020CON4.

Respectfully submitted,
BOzICEVIC, FIELD & FRANCIS, LLP

Date: April 2, 2014 By: __ /James S. Keddie, Reg. N0.48.920/
James S. Keddie, Reg. N0.48,920

BOZICEVIC, FIELD & FRANCIS, LLP
1900 University Avenue, Suite 200
East Palo Alto, California 94303
Telephone: (650) 327-3400
Facsimile: (650) 327-3231
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PTOAIARG{07-12)

Approved far use through 11/30/2014. OMB 085 1-0035

0.8, Patert and Trademark Office; 1.5 DEPARTMENT OF COMMERCE

Undarthe Papaiwork Reduction Act of 1995, 5o persons are required to respond to a collegtion of information unlass it displays:a valid OMB conteol number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of atlorney given in the applicalion identified in the attached statement
under 37 GFR 3.73(c}).

| hereby appoint:
Praclitivners associated wilth Customer Number: 937 2 6
OR :
D Practitioner(s) named below {f more than len patent practitioners are to e named, then a customer number must be used):
Name 1 Registration Name Regisiration
Number Number

As attarney(s} aragent(s} o represent the undersigned before the United States Patent and Trademark Office (USPTO} in connection with
any and all palent applications assigned only 1o the undersigred according to the USPTO assignmant records or assignments documents
atlached lo this form ity accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the atached statement under 37 CFR 3.73{c) to:

lil The address associaled with Customer Number: 9 3 726
OR

Firmor
Individual Name

Address,

City State Zip

LCountry

Telephone Emait

Assignee Name and Address: Population Genetics Technologies Lid
Babraham Research Campus
Cambridge, United Kingdom CB22 3AT

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTOIAIA96 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3,73{¢) may be completed by one of
The practitioners appointed in this form, and must idepfify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record
The individual whose signature and titleﬁts supplied below is authorized to act on behalf of the assignes

Signature 5 {;v ; ; ‘?{' L0 K o Date (08/25/2012
Name “Mel Kronick, Ph.D. Telephone (650) 269-0445
Title Director

This collaction of information is required by 37 CFR 1.31, 1.32 and 1.33. The informaticn is required to oblain or tetain a benefii by the public which isto file {and
hy the USPTQ lo process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1,14, This coliection is estimatad to-take 3 minutes
1o complete, including gathering, preparing, and submitting tho completed application formi{o the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you sequire to complete this form andfor suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.3. Patent and Trademark Office, U.S. Depariment of Cammeree, P.QL Box 1450, Alexandria. VA 22313-1450. BO NOTSEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.Q. Box 1450, Aloxandria, VA 22313-1450,

1€ you heed assistance in completing the ferm, call 1-800-PTO-9198 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 19223039
Application Number: 14172694
International Application Number:
Confirmation Number: 2029

Title of Invention:

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

First Named Inventor/Applicant Name:

SYDNEY BRENNER

Customer Number:

93726

Filer:

James Samuel Keddie

Filer Authorized By:

Attorney Docket Number:

CGLC-020CON4

Receipt Date: 05-JUN-2014
Filing Date: 04-FEB-2014
Time Stamp: 19:27:11

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
30655
Assignee showing of ownership per37 | CGLC-020CON4-373¢_Stateme
1 no 2
CFR3.73. nt.pdf
d82ba27639b1191365824082650b69f9771

Warnings:

Information:
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CGLC- 1460141

2 Power of Attorney Population_Genetics_Technolo| no 1
gies_Ltd .pdf c50fabd5174a8857ee4641a8f4ff9010e5dcy
Warnings:
Information:
Total Files Size (in bytes):l 1490796

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

10x Genomics, Inc. Exhibit 2009

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00958

Page 00089



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

Applicant/Patent Owner: Population Genetics Technologies Ltd

Application No./Patent No.: 14/172,694 Filed/Issue Date: February 4, 2014

Titled: Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

Population Genetics Technologies LTD ,a Corporation
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (chose one of options 1, 2, 3, 4 below):
1. IZ The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title and interest (check applicable box):

|:| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners holding the
balance of the interest must be submitted to account for 100% of the ownership interest.

I:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assighment from one of the joint inventors was made).
The other patrties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g. bankruptcy, probate), or an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2, or 3 above (not option 4) is evidenced by either (choose one of options A or B below):
A. |z An assighnment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel 032865 , Frame _0340 , or for which a copy
thereof is attached.

B. |:| A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet.

X As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/James S. Keddie, Reg. No. 48,920/ June 5, 2014

Sighature Date

James S. Keddie 48,920

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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SUBMITTED ELECTRONICALLY

PRELIMINARY
AMENDMENT
Under CFR 1.115

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Attorney Docket No. CGLC-020CON4
Confirmation No. 2029

First Named Inventor Brenner, Sydney

Application Number 14/172,694

Filing Date February 4, 2014

Group Art Unit 1636

Examiner Name

Title:  “Compositions and Methods for Intramolecular

Nucleic Acid Rearrangement”

Sir:

Prior to the examination of the above-referenced application on the merits, please enter the

amendments below.
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Attorney Docket No. CGLC-020CON4
USSN: 14/172,694

IN THE SPECIFICATION

Please insert the following paragraph after the title on page one of the specification:

CROSS REFERENCE TO RELATED APPLICATIONS
This application is continuation of 14/021,790, filed September 9, 2013, which is a continuation
of 13/859,450, filed April 9, 2013, which is a continuation of 13/622,872, filed September 19, 2012,
which is a continuation of 13/387,343, filed February 15, 2012, which is a §371 National Phase
Application of PCT/IB2010/002243, filed August 13, 2010, which claims priority to US Provisional
Application No. 61/235,595, filed August 20, 2009 and US Provisional Application No. 61/288,792,

filed December 21, 2009; all of which are herein incorporated by reference.
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Attorney Docket No. CGLC-020CON4
USSN: 14/172,694

AMENDMENTS TO THE CLAIMS

Please amend the claims as shown below. A complete listing of the claims in this case, including

their current status identifier, is shown below.

1. (Currently Amended) A method of sample analysis. mevins-a-demaininanucleic-acid—the
method comprising:

a) annealing a reflex sequence in a polynucleotide strand in a sample with a complement of the
reflex sequence present in the polynucleotide strand, wherein the polynucleotide strand comprises the
following in a 5’ to 3’ orientation:

a first domain;
the reflex sequence;

a polynucleotide of interest having a desired site that is distal to the first domain; and

the complement of the reflex sequence, wherein the complement of the reflex sequence is
present at the 3° end of the polynucleotide strand; and
b) extending from the 3’ end of the complement of the reflex sequence through the first domain
to produce a double stranded region; comprising whereby a complement of the first domain is-present at
the 3’ end of the extended polynucleotide strand, thereby moving the first domain in-the-pelynuclectide
strand into proximity with the desired site; and

¢) amplifyving the desired site from the polynucleotide strand of step b) using a first nucleic

acid synthesis primer that anneals at the 3’ end of the complement of the first domain and a

second nucleic acid synthesis primer that comprises a 3’ priming domain that is complementary to

a site within the polynucleotide of interest.

2. (Original) The method of claim 1, wherein the first domain comprises a multiplex identifier
(MID).
3. (Original) The method of claim 1, wherein the first domain comprises a primer site.

3
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Attorney Docket No. CGLC-020CON4
USSN: 14/172,694

4. (Original) The method of claim 1, wherein the reflex sequence is from 10 to 50 nucleotides in

length.

5. (Currently Amended) The method of claim 1, wherein the first domain reflexseguenee

comprises an RNA polymerase site.

6. (Original) The method of claim 1, the method further comprising removing the first domain and

the reflex sequence from the 5° end of the double stranded region.

7. (Original) The method of claim 6, wherein the removing step comprises treating the nucleic acid

of step b with T7 exonuclease.

8. (Original) The method of claim 1, wherein the first domain is present in an adapter region

attached to the polynucleotide of interest.

9. (Original) The method of claim 8, wherein the reflex sequence is present in the adapter region.

10. (Original) The method of claim 8, wherein the reflex sequence is a sequence present within the

5’ region of the polynucleotide of interest.

11. (Currently Amended) The method of claim 1, wherein the sample is a multiplexed sample,
wherein the first domain in each of the polynucleotide strands in the multiplexed sample comprises a

MID that identifies the sample from which the polynucleotide strand is derived eesrespondinsto-its
parental-sample.

12. (Original) The method of claim 1, wherein the sample comprises multiple polynucleotide
strands, and wherein each polynucleotide strand in the sample comprises a unique MID in the first

domain.

13. (Original) The method of claim 1, wherein the polynucleotide strand is produced by:

4
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Attorney Docket No. CGLC-020CON4
USSN: 14/172,694

annealing a nucleic acid synthesis primer to a parent polynucleotide strand, wherein the parent
polynucleotide strand comprises the following in a 5° to 3’ orientation:
the first domain;
the reflex sequence; and
a second domain comprising the polynucleotide of interest;
wherein the nucleic acid synthesis primer comprises:
a 3’ priming domain that is complementary to a site adjacent to and 3’ of the
polynucleotide of interest in the second domain; and
a 5’ reflex sequence;
extending the nucleic acid synthesis primer to produce an extension product; and
replicating the resultant extension product with a second nucleic acid synthesis primer that
anneals at the 3 end of the complement of the first domain, thereby producing the polynucleotide

strand.

14. (Original) The method of claim 13, wherein the length of the second domain is from 30 bases to
30 kilobases.

15. (Original) The method of claim 13, wherein the parent polynucleotide strand is enriched prior to

the annealing step based on its sequence.

16. (Cancelled)

17. (Currently Amended) The method of claim 1 elaim1+6, wherein the second synthesis primer
comprises a 5° domain that is not complementary to the polynucleotide of interest in the first extension

product.

18. (Original) The method of claim 17, wherein the first domain comprises a first primer site and the

5’ domain of the second synthesis primer comprises a second primer site.
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Attorney Docket No. CGLC-020CON4
USSN: 14/172,694

19. (Original) The method of claim 18, wherein the length of the polynucleotide of interest in the

second extension product is from 50 to 10,000 nucleotides.

20. (Cancelled)

21. (New) The method of claim 1, further comprising sequencing the desired site.
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Attorney Docket No. CGLC-020CON4
USSN: 14/172,694

REMARKS UNDER 37 CFR §1.115

Formal Matters
Claims 1-15, 17-19 and 21 are pending.

Claims 16 and 20 have been canceled without prejudice. Claims 1, 5, 11 and 17 are amended.
Claim 21 is new. Claim 16 has been incorporated into claim 1, with further support shown in Fig. 3.
Further support for the amendments and new claim is found at, for example: the section bridging pages
30 and 31; the paragraph bridging pages 30 and 31; page 20, lines 18-19; the sentence bridging pages 17
and 18; page 24 lines 20-23; page 20 line 16-17; the sentence bridging pages 7 and 8; page 21, lines 22-
26; page 24, lines 20-24, claims 2 and 3; the paragraph bridging pages 7 and 8; page 21 lines 22-26;
page 13 lines 13-15; page 25, lines 5-7 and page 21, lines 22-26. No new matter has been added.

Applicant submits that all of the claims are in condition for allowance, which action is requested.
If the Examiner finds that a telephone conference would expedite the prosecution of this application,
please telephone the undersigned at the number provided.

The Commissioner is hereby authorized to charge any underpayment of fees associated with this
communication, including any necessary fees for extensions of time, or credit any overpayment to

Deposit Account No. 50-0815, order number CGLC-020CONA4.

Respectfully submitted,

Date: _ June 6. 2014 By: _ /James S. Keddie, Reg. No. 48.920/
James S. Keddie, Ph.D.
Registration No. 48,920

BOZICEVIC FIELD & FRANCIS LLP
1900 University Ave., Suite 200

East Palo Alto, California 94303

(650) 327-3400 main

(650) 327-3231 fax
docket@bozpat.com
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Electronic Patent Application Fee Transmittal

Application Number: 14172694

Filing Date: 04-Feb-2014

Title of Invention: Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
First Named Inventor/Applicant Name: SYDNEY BRENNER

Filer: James Samuel Keddie

Attorney Docket Number: CGLC-020CON4

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount SUZ;I'S::; in
Basic Filing:
Utility filing Fee (Electronic filing) 4011 1 70 70
Utility Search Fee 2111 1 300 300
Utility Examination Fee 2311 1 360 360
Pages:
Claims:
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 2051 1 70 70

Petition:
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Description Fee Code Quantity Amount Sut—;l’;(tsa)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 2 months with $0 paid 2252 1 300 300
Miscellaneous:
Total in USD ($) 1100

10x Genomics, Inc. Exhibit 2009
Parse Biosciences, Inc. v. 10x Genomics, Inc.

IPR2023-00958
Page 00100



Electronic Acknowledgement Receipt

EFS ID: 19233310

Application Number: 14172694

International Application Number:

Confirmation Number: 2029
Title of Invention: Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
First Named Inventor/Applicant Name: SYDNEY BRENNER
Customer Number: 93726
Filer: James Samuel Keddie

Filer Authorized By:

Attorney Docket Number: CGLC-020CON4
Receipt Date: 06-JUN-2014
Filing Date: 04-FEB-2014
Time Stamp: 14:48:04
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $1100

RAM confirmation Number 1204

Deposit Account

Authorized User

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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CGLC-020CON4_AIA_Dec_fi 2461258
1 Oath or Declaration filed ] aAADec I p no 4
arent_Signed.pdf
5458e8147cf98ab4b8faBelec42323e59¢7|
0Ode8
Warnings:
Information:
) 36289
CGLC-020CON4_Prelim_Amen
2 yes 7
d.pdf
6880ebcd62fe8f3a46e84b3ba635093dd92
728a
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Specification 2 2
Claims 3 6
Applicant Arguments/Remarks Made in an Amendment 7 7
Warnings:
Information:
38581
3 Fee Worksheet (SB06) fee-info.pdf no 2
bdd0a8b6980aab60ff7b8aed87add31d%el
Warnings:
Information:
Total Files Size (in bytes)1 2536128
This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.
New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIAI {06-12)

Approvad for use through 01/31/2014. OMB 0651-0032

U.8. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under-the Paparwark Reduction Act of 1995, ne persans are required torespond te 3 callection of information unless if displays a valid ©OMB coentrol numbaer,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
Invention

As the below named inventor, | hereby declare that:

This declaration A
is directed to: The attached application, or
13622872

!E United. States application or PCT international application number

September19, 2012

filed on

The above-identified application was mads or authorized to be made by me.

| believe Ihat | am the original inventor or an ariginal joint inventar of a claimed invention in the application.

thereby acknowiedge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not mare than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to-avoid submitting personal information in documents fited in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers; or credit card numbers
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
ta support a petition or an-application. if this type of personal information Is inciuded in documents submitted to the USPTO,
petitionersfapplicants should consider redacting such personal Information from the documents before submitting them to the
USPTO. Petitioner/applicant is-advised that the record of a patent applicafion is available to the public afler publication of the
application {unless a non-publication reques! in compliance with 37 CFR 1.213(a} is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTG-2038 submitted for payment purposes are not retained in the application file and therefore are not -publicly available.

LEGAL NAME OF INVENTOR

Inventor; Sydney“Brenner Date (Optional) ;

Signature:

Mote: An application data sheet {PTQ/S8/14 or equivalent); including haming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/1 form for each additional inventor.

Trig:collection of information is required by 35 B.8.C. 115 and 37.CFR 1.63, The information Is required to oblain or refain a benefit by the public which s 1o fils (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C.-122 and 37 CFR 1.14 and 1.14. This collection is estimated to lake 1 minule to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individuat case. Any
corments on the amount of time you require to complate this form and/or suggestions for reducing this burdern, should be sent o the Chief Information Officer, U.S,
Patent and Trademark Office, U.S. Department of Commerce, .0, Box 1450, Alexandria, VA 22313-1450, BONOT SEND FEES OR'COMPLETED FORMS TO
THiS ADDRESS. SEND TO: Gommissioner for Patents, P.0O. Box 1450, Alexandria, VA 22313-1450.

I you need assistance in completing the form, cailf 1-800-PTO-919% and select option 2
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Undier e 3 ETSGAS 08 Fequies B resgana ke

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USENG AN
APPLICATION DATA SHEET {37 CFR 1.76)

Titleof | Compositions and Methods for Intramalecular Nucleic Acid Rearrangement
Invention

As the below named inventor, { hereby dectare that:

This declaration [} b i
is sirested to: [ The attached application, of .
W 13622872

Uniled Biates agplication or PCT inlemnational application number

September 18, 2012

fited o

The abava-identifiend wppication was made or authorized to be made by ma.

| | botiave that | am the enginal inventar of an oddginal foint invantor-of a claimad invention in the application,

Fheraby acknowiedna that amy wiliful false siatement made in this declaration is purishable under 18 U.S.C 1001
by fing or imprisonment Gf not more than five (8] vears, or both,

WARNING:

Pelitioner/applicant is cavtionad o avoid submiiting personal information in documents filed in @ patent application that may
confibute 1 identity thell. Fersonal information such as social security numbers, bank accaunt sumbers, o credit card numbers
{other then a check or credd cand authorization form PTO-2038 submitted for paymant purposes) is never required by the USPTO
o support & petition or an applicalion. i this type of personatl information is included in documents submiited fo the USPTO,
petitionarsiapplicants should consider redacting such bersonalinformation from the documents safore submitting thera ta the
UZPTO. Pelitionsriappiivent is advised thal the record of 3 palent applicaion is 2vailable fo e poblic aftee publigation of the
application (unless 3 non-pubdication reguest in complianne with 37 CFR 1.213(a} s made in the ﬂppiwat.-sm or igsuzace of 2
pateni. Fusthermore. the reced from an abandoned agplication may also be avaiabie to the patdic if the apphcatmn i
refereaced it @ publishad application or an issued palent {zee 3F CFR 1.14). Chechs and credit sand authorization oims
PTG-2038 subnitied for payment purposes are nol reizined inthe application file and therelors am act publicly svailalds,

LEGAL NAKME OF INVENTOR

invantor: Gi Mikawa i £ Date (Optianal} 3~ No '~ 2012
A
Signatura: e Aty

Made: An application data sheet (FTOSE A or squivatesty, including naming the sntire inventve sniity, M 3ucompany Wis feem o must have
baen pravigusiy fied. Wse sn additonal PTOAAI0T Torm for 2ach addiicnal inventar.

e wiiad into Ra fang
ke Eninute

s u!iJ &, ol
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PTO/AIA/O1 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Offico: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no p are required to respond to a collection of information unless it dispiays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titeof | Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
Invention

As the below named inventor, | hereby declare that:

This declaration -
is directed to; D The attached application, or

13622872

E] United States application or PCT international application number
filed on S€ptember 19, 2012

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity thefl. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
{o support a petition or an application. If this type of personal informaticn is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petlitioner/applicant is advised that the record of a palent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: RObert Osborne Date (Optional) : 5/ 1] / 12

Signature: MM

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This collection of inf ion is required by 35 U S. C 115 and 37 CFR 1.63. The information is required to obtain or retain a banefit by the public which is to file (and
by the USPTO to p ) an appli 1. C y is g d by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This colleclion is estimated to take 1 minute to
including gathering, prepari and submmmg lhe completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to comptete this form and/or suggestions for reducing this burden, should be sent to the Chief Informaticn Officer, U.S.
Patent and T Office, U.S. Dep of Commerce, P.O. Bax 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,
i you noed assistance in completing the form, call 1-800-PTO-91$9 and select option 2.
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014, CMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respand to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tite of | Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
Invention

As the below named inventor, | hereby declare that:

This declaration -
is directed to: D The attached application, or

13622872

@ United States application or PCT international application number

fled on S€ptember 19, 2012

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any wiliful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in dccuments submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Pelitioner/applicant is advised that the record of a patent application is available 1o the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Andrew Slatter Date (Optional) : 5."- N Mm&c« 9.0’ 2

Signature: MM

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This ion of inf ion is requi ‘by35USC 115andJ7CFR163 The infarmation is required to obtain or relain a benefit by the public which is to file (and
by me USFTOlopmcess)an i . Cor iality is g d by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated o take 1 minute to
prepanng‘ and submmmg the comple(ed application farm to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount uf time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent ard Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: C issi for P, P.0. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, cal 1-800-PT0-9189 and seledt aption 2.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

APPLICATION AS FILED - PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 14/172,694 02/04/2014 | [ 7o be Mailed
eENTITY: [ ] LARGE [X] smALL [ ] MIcCRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L] Basic Fee N/A N/A N/A
37 CFR 1.16(a), (b), or (c]
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
O
EXAMINATION FEE
(37 GFR 1.16(0), (p), or () N/A N/A N/A
TOTAL CLAIMS } .
(37 CFR 1.16(i)) minus 20 = X 8 =
INDEPENDENT CLAIMS ) N
(37 CFR 1.16(h)) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
ZF;PCLF‘%"?TS': SIZE FEE for small entity) for each additional 50 sheets or
{ 18(s) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
_—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
— 06/06/2014 EE?A?FLN'NG EHE"\%E%SLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= meen 119 Minus | -+ 20 - 0 x 540 - 0
4 T B inus | -3 - x 5210~ 0
> D Application Size Fee (37 CFR 1.16(s))
<
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
RE&"F’?'E‘L{NG PF’;‘E%""'C?UEQKLY PRESENT EXTRA RATE ($) ADDITIONAL FEE (§)
— AMENDMENT PAID FOR
Z || Total (37 cFrR * i .
&Gl s Minus = X $ =
Independent . "
= | e, Minus - Xs -
E I:l Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

TOTAL ADD’L FEE

LIE
/DORIS ISAAC/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
Q. Box 1450

Alexandria, Virginia 22313-1450
WWW.USPLO.gOV.

AP%JE?QQON I 33111(::1)NSA(’)15E G%%?T I FIL FEE RECD I ATTY DOCKET.NO ITOT CLAIMSIIND CLAIMSl
14/172,694 02/04/2014 1636 800 CGLC-020CON4 19 1
CONFIRMATION NO. 2029
93726 UPDATED FILING RECEIPT
EPA - Bozicevic Field & Francis LLP
Bozicevic, Field & Francis IR AR A AVAV R A
1900 University Ave 000000068944020
Suite 200

East Palo Alto, CA 94303
Date Mailed: 06/12/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

SYDNEY BRENNER, Ely, UNITED KINGDOM;

Gl MIKAWA, Great Shelford, UNITED KINGDOM,;

ROBERT OSBORNE, Great Chesterford, UNITED KINGDOM,;

ANDREW SLATTER, London, UNITED KINGDOM,;
Applicant(s)

Population Genetics Technologies LTD, CAMBRIDGE, UNITED KINGDOM
Assignment For Published Patent Application

Population Genetics Technologies LTD, CAMBRIDGE, UNITED KINGDOM

Power of Attorney: The patent practitioners associated with Customer Number 93726

Domestic Priority data as claimed by applicant
This application is a CON of 14/021,790 09/09/2013 PAT 8679756
which is a CON of 13/859,450 04/09/2013 PAT 8563274
which is a CON of 13/622,872 09/19/2012 ABN
which is a CON of 13/387,343 02/15/2012 PAT 8298767
which is a 371 of PCT/IB2010/002243 08/13/2010
which claims benefit of 61/288,792 12/21/2009
and claims benefit of 61/235,595 08/20/2009

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 02/20/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/172,694

Projected Publication Date: 09/18/2014
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/172,694
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
A o) N/A N/A N/A 70 N/A
SEARCH FEE
R e ) N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 GFR 1.18(0). (). or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ] *
(37 CFR 1.16(7)) 19 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 1 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART II
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total . i - =
s (37 CFg ?.15(\)) Minus = OR -
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
w Total * Minus A = =
= (37 CFg ?.15(\)) OR -
% Independent * Minus | *** = _ OR -
w (37 CFR 1.16(h)) - -
E: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/172,694 02/04/2014 SYDNEY BRENNER CGLC-020CON4
CONFIRMATION NO. 2029
93726 POA ACCEPTANCE LETTER

EPA - Bozicevic Field & Francis LLP

Bozicevic, Field & Francis LTS
1900 University Ave 00000006894398

Suite 200
East Palo Alto, CA 94303

Date Mailed: 06/12/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 06/05/2014.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/nton/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1430

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/172,694 02/04/2014 SYDNEY BRENNER CGLC-020CON4
CONFIRMATION NO. 2029
93726 PUBLICATION NOTICE

EPA - Bozicevic Field & Francis LLP

Bozicevic, Field & Francis LTS T
1900 University Ave 0000007083595

Suite 200

East Palo Alto, CA 94303

Title:Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

Publication No.US-2014-0272985-A1
Publication Date:09/18/2014

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTQO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Oftice of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 14172694

Filing Date 04-Feb-2014

First Named Inventor SYDNEY BRENNER
Attorney Docket Number CGLC-020CON4

Title of Invention

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

¢ Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Population Genetics Technologies Ltd 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

8298767

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer," in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

(® Small Entity
O Micro Entity

(O Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 48920

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signat
\gnature /James S. Keddie, Reg. No. 48,920/

Name James S. Keddie

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

14172694

Filing Date:

04-Feb-2014

Title of Invention:

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

First Named Inventor/Applicant Name:

SYDNEY BRENNER

Filer:

James Samuel Keddie

Attorney Docket Number:

CGLC-020CON4

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sullaj-;l';(t:)l in
Basic Filing:
Statutory or Terminal Disclaimer 1814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sut—;’;(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 14172694
Filing Date: 04-Feb-2014

Applicant/Patent under Reexamination: ~ BRENNER et al.

Electronic Terminal Disclaimer filed on  March 25, 2015

X APPROVED

This patent is subject to a terminal disclaimer

] DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 21878380
Application Number: 14172694
International Application Number:
Confirmation Number: 2029

Title of Invention:

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

First Named Inventor/Applicant Name:

SYDNEY BRENNER

Customer Number:

93726

Filer:

James Samuel Keddie

Filer Authorized By:

Attorney Docket Number: CGLC-020CON4
Receipt Date: 25-MAR-2015
Filing Date: 04-FEB-2014
Time Stamp: 18:55:32

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $160

RAM confirmation Number 4579

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document _—n . File Size(Bytes)/ Multi Pages
Document Description File Name i . .
Number Message Digest | Part/.zip| (ifappl.)
33358
1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 2
3d270e8e54b179852c50bf8c6dc1c93bafd
1ab48
Warnings:
Information:
30462
2 Fee Worksheet (SB06) fee-info.pdf no 2
155d613aac7cf42429d3c4aaf0ffcad713cf7:
Warnings:
Information:
Total Files Size (in bytes):I 63820

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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FILED ELECTRONICALLY

Interview Summary

Attorney Docket No.

CGLC-020CON4

Confirmation No.

2029

First Named Inventor

Brenner, Sydney

Address to: Application Number 14/172,694

Mail Stop Filing Date February 4, 2014

Commissioner for Patents Group Art Unit 1634

P.O. BOX.1450 Examiner Name BHAT Narayan Kameshwar

Alexandria, VA 22313-1450 Title:  “Compositions and Methods for Intramolecular Nucleic
Acid Rearrangement”

Dear Sirs:

The accompanying Terminal Disclaimer is filed in response to a request made by Examiner

Narayan Kameshwar Bhat to the undersigned on March 25, 2015.

The Commissioner is hereby authorized to charge any underpayment of fees up to a strict limit of

$3,000.00 beyond that authorized on the credit card, but not more than $3,000.00 in additional fees due

with any communication for the above referenced patent application, including but not limited to any

necessary fees for extensions of time, or credit any overpayment of any amount to Deposit Account No.

50-0815, order number CGLC-020CON4.

Date: _ March 25, 2015

BOzICEVIC, FIELD & FRANCIS LLP
1900 University Avenue, Suite 200
East Palo Alto, California 94303
Telephone: (650) 327-3400

Facsimile: (650) 327-3231

Respectfully submitted,

BOzICEVIC, FIELD & FRANCIS LLP

By: /James S. Keddie, Reg. No. 48.920/

James S. Keddie
Registration No. 48,920
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Electronic Acknowledgement Receipt

EFS ID: 21878604

Application Number: 14172694

International Application Number:

Confirmation Number: 2029
Title of Invention: Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
First Named Inventor/Applicant Name: SYDNEY BRENNER
Customer Number: 93726
Filer: James Samuel Keddie

Filer Authorized By:

Attorney Docket Number: CGLC-020CON4
Receipt Date: 25-MAR-2015
Filing Date: 04-FEB-2014
Time Stamp: 18:56:53
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document L . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
28479
1 Applicant summary of interview with CGLC-020CON4- 1
examiner Interview_Summary.pdf no
el1db34ach240b1b63cce265dce8eeb1b69
TcT712
Warnings:

Information:
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Total Files Size (in bytes){ 28479

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WW\V.USP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

93726 7590 04/14/2015 | EXAMINER |
EPA - Bozicevic Field & Francis LLP BHAT, NARAYAN KAMESHWAR
Bozicevic, Field & Francis
1900 University Ave | ART UNIT PAPER NUMBER |
Suite 200 1634

East Palo Alto, CA 94303
DATE MAILED: 04/14/2015

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

14/172,694 02/04/2014 SYDNEY BRENNER CGLC-020CON4 2029
TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID REARRANGEMENT

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0 $0 $480 07/14/2015

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unl?ss oorrfecled below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

93726 . . 7590, 04/1,4/2015 I hereby certify that this Fee(s) Transmittal is being deposited with the United
EPA - Bozicevic Field & Francis LLP States Postal Service with sufficient postage for first class mail in an anclope
. - . addressed to the Mail Stop ISSUE FEE address above, or being facsimile
BOZIC@VI.(” Fl?ld & Francis transmitted to the USPTO (571) 273-2885, on the date indicated below.
1900 University Ave
Suite 200 (Depositor's name)
East Palo Alto, CA 94303 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/172,694 02/04/2014 SYDNEY BRENNER CGLC-020CON4 2029

TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID REARRANGEMENT

I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 07/14/2015
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
BHAT, NARAYAN KAMESHWAR 1634 435-006100
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. \ . . . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assilgnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Ocder - # of Copies [ The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

a Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

a Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

a Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CER 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WW\V.USP[O.gOV

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/172,694 02/04/2014 SYDNEY BRENNER CGLC-020CON4 2029
| EXAMINER |
93726 7590 04/14/2015
EPA - Bozicevic Field & Francis LLP BHAT, NARAYAN KAMESHWAR
Bozicevic, Field & Francis
1900 University Ave | ART UNIT PAPER NUMBER |
Suite 200 1634

East Palo Alto, CA 94303
DATE MAILED: 04/14/2015

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, it the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/172,694 BRENNER ET AL.
. oy i i AlA (First Inventor to
Notice of Allowability Eﬁ%"&?ﬁk BHAT f‘égf"'t Filo) Statis
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X] This communication is responsive to 2/4/2014.

Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-13.15,17.18 and 21. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hitp/iwww. usplo.gov/patents/init_events/pph/index.jsp or send an inquiry to EPHieedback@uspio.aoy .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[] Some *c) ] None of the:
1. [ Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [J Notice of References Cited (PTO-892) 5. Examiner's Amendment/Comment

2. [X] Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. X Other IMIS-3/25/15.

of Biological Material
4. X Interview Summary (PTO-413),
Paper No./Mail Date 3/24/15.

/NARAYAN BHAT/
Primary Examiner, Art Unit 1634

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150326
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Application/Control Number: 14/172,694 Page 2
Art Unit: 1634

NOTICE OF ALLOWANCE
1. The present application is being examined under the pre-AlA first to invent
provisions. This office action is in response to the papers filed on December 4, 2014.
Instant application is a continuation of 14/021,790, filed 09/09/2013 now U.S. Patent
8,679,756, is a continuation of 13/859,450, filed 04/09/2013, now U.S. Patent
8,563,274, which is a continuation of 13/622,872, filed 09/19/2012, now abandoned, is a
continuation of 13/387,343, filed 02/15/2012, now U.S. Patent 8,298,767, which is a
national stage entry of PCT/IB2010/002243, claiming the priority from provisional
application 61288792 (filed 12/21/2009) and 61235595 (filed 08/20/2009). The method
steps of instant pending claims comprise the allowed limitation of ‘767 patent, which are
non-obvious improvements over the arts of the record and the ones cited in the IDS of

April 2, 2014.

Interview Summary
2. For compact prosecution, the examiner contacted the representative Mr. Keddie
on March 24, 2015 to inform that the method steps of instant pending claims comprising
the limitations of allowed 767 patent including the limitation of polynucleotide that is
from 100 bases to 30 kilo bases in length are allowable pending (i) filing a terminal
disclaimer (TD) over claims of 767 patent and (ii) amending the abstract to replace the
term “MID” with “multiplex identifier”. During the interview the representative informed
that the suggested amendments need the approval from the applicant and will get back

within a day with the further course of action. The TD was filed on March 25, 2015 and
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Application/Control Number: 14/172,694 Page 3
Art Unit: 1634

approved by the office on the same day. The representative authorized to enter the
suggested amendments electronically on March 25, 2015. The electronic

communications between the representative and the examiner are made of record.

Drawings

3. The drawings of February 4, 2014 are acceptable.

Specification
4, As discussed in the interview summary section, amendment to the abstract by
replacing the term “MID” with “multiplex identifier” does not introduce any new matter

because it only lists the full version of the “MID” as recited in the instant specification.

Information Disclosure Statement
5. The information disclosure statement (IDS) submitted on April 2, 2014 is being
considered by the examiner. All the references cited therein have been considered by
the examiner.
The method steps of instant pending claims comprise the allowed limitation of
‘767 patent, which are non-obvious improvements over the arts of the record and the

ones cited in the IDS of April 2, 2014.
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Application/Control Number: 14/172,694 Page 4
Art Unit: 1634

Claim Status and Remarks regarding ODP
6. In the claim listing of June 6, 2014, claims 1-15, 17-19 and 21 are pending in this
application. Claims 1, 5, 11 and 17 are amended. Claims 16 and 20 are cancelled. The
claim amendments do not introduce any new matter.

As discussed in the interview summary section, upon entry of amended claims
via examiner’s amendments, claims 1-13, 15, 17, 18 and 21 are pending in this
application. Claim 1 is further amended. Claims 14, 16, 19 and 20 are canceled. The
claim amendments do not introduce any new matter.

Claims 1-13, 15, 17, 18 and 21 are allowable because they comprise all steps of
allowed ‘767 patent except for the further features of the first domain but includes
additional amplification step. It is in the examiner’s opinion the steps of amended claim
1 are non-obvious improvements over the arts of the record because the spatial
organization of different structural features of the polynucleotide comprising the reflex
sequence allowing to move a region of interest in a polynucleotide from a first position
to a second position with regard to a domain within the polynucleotide.

The potential ODP rejection of instant claims 1-13, 15, 17, 18 and 21 over claims
1-18 of ‘767 patent has been overcome by filing the TD and its approval by the office on
March 25, 2015.

It is in the examiner’s opinion, the scope of ‘756 and 274 patent from other CON
applications are different from the instant allowed claims. Therefore the TDs are not

requested with regard to 756 and ‘274 patents.
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Application/Control Number: 14/172,694 Page 5

Art Unit: 1634
EXAMINER’S AMENDMENT

7. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner’'s amendment was given electronically by
applicant’s representative Mr. Kiddie on March 25, 2015.

Please replace the term “MID” in line 5 of the abstract of February 4, 2014 with
the phrase “multiplex identifier”.

In the claim listing of June 6, 2014, please cancel claims 14 and 19.

In the claim listing of June 6, 2014, in claim 1 please insert the phrase “that is
from 100 bases to 30 kilo bases in length and” in line 8 after the phrase “a

polynucleotide of interest”.

8. Claims 1-13, 15, 17, 18 and 21 have been renumbered 1-17.

Conclusion
9. Claims 1-13, 15, 17, 18 and 21 are allowed.
10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Narayan K. Bhat whose telephone number is (571)-272-

5540. The examiner can normally be reached on 8.30 am to 5 pm.
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Application/Control Number: 14/172,694 Page 6
Art Unit: 1634

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Dave Nguyen can be reached on (571)-272-0731. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Narayan K. Bhat/

Primary Examiner, Art Unit 1634
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Application No. Applicant(s)

, s , 14/172,694 BRENNER ET AL.
Examiner-Initiated Interview Summary _ i
Examiner Art Unit
NARAYAN BHAT 1634

All participants (applicant, applicant’s representative, PTO personnel):
(1) Examiner: Bhat. B —

(2) Representative: Mr. Keddie . (4) .

Date of Interview: 24 March 2015.

Type: X Telephonic [] Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:
Issues Discussed []101 [J112 [J102 []J103 [XOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1.

Identification of prior art discussed: US 8,298,767.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

For compact prosecution, the examiner contacted the representative Mr. Keddie on March 24, 2015 to inform that the
method steps of instant pending claims comprising the limitations of allowed ‘767 patent including the limitation of
polynucleotide that is from 100 bases to 30 kilo bases in length are allowable pending (i) filing a terminal disclaimer
(TD) over claims of ‘767 patent and (ii) amending the abstract to replace the term “MID” with “multiplex identifier”.
During the interview the representative informed that the suggested amendments need the approval from the applicant
and will get back within a day with the further course of action. The TD was filed on March 25, 2015 and approved by
the office on the same day. The representative authorized to enter the suggested amendments electronically on March
25, 2015. The electronic communications between the representative and the examiner are made of record .

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

[ Attachment

/NARAYAN BHAT/
Primary Examiner, Art Unit 1634

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20150326
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Reichold A, Brenner SA, Spruss A, Forster-Fromme K, Bergheim |, Bischoff SC.

J Nutr Biochem. 2014 Feb;25(2):118-25. doi: 10.1016/j.jnutbio.2013.09.011. Epub 2013 Nov 6.

38

Rellex: inlramgolecular barcoding of long-range PCR products for sequencing multivle pocled DNAs.

2. Casbon JA, Slatter AF, Musgrave-Brown E, Osborne RJ, Lichtenstein CP, Brenner S.
Nucleic Acids Res. 2013 May 1;41(10):e112. doi: 10.1093/nar/gkt228. Epub 2013 Apr 10.
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3. Callorhinchus milii,

Davies WI, Tay BH, Zheng L, Danks JA, Brenner S, Foster RG, Collin SP, Hankins MW, Venkatesh B,
Hunt DM.

PLoS One. 2012;7(12):e51276. doi: 10.1371/journal.pone.0051276. Epub 2012 Dec 14.
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Selection of primers {or optimal taxonomic classiication of environmental 168 rRNA gene sequences.

Soergel DA, Dey N, Knight R, Brenner SE.
ISME J. 2012 Jul;6(7):1440-4. doi: 10.1038/isme}.2011.208. Epub 2012 Jan 12.
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Aptamer salgchion by high-throughpul sequencing and indormatic analysis,
Hoon S, Zhou B, Janda KD, Brenner S, Scolnick J.

Biotechniques. 2011 Dec;51(6):413-6. doi: 10.2144/000113786.
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Characterization of a hvpoxig-response element inihe Epo locus of the putferfish, Takifugu subripes,

Kulkarni RP, Tohari S, Ho A, Brenner S, Venkatesh B.
Mar Genomics. 2010 Jun;3(2):63-70. doi: 10.1016/j.margen.2010.05.001. Epub 2010 Jun 17.
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Bigses in Humina ansgripiome seguencing causad by random hexamer oriming,

Hansen KD, Brenner SE, Dudoit S.
Nucleic Acids Res. 2010 Jul;38(12):e131. doi: 10.1093/nar/gkg224. Epub 2010 Apr 14.
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MNoich signaling enhances osteogenic differentiation while inhibiting adipogenesis in primary bhuman
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11.

13.

14.

15.

16.

Ugarte F, Ryser M, Thieme S, Fierro FA, Navratiel K, Bornh&user M, Brenner S.
Exp Hematol. 2009 Jul;37(7):867-875.e1. doi: 10.1016/j.exphem.2009.03.007.

Genelie basis of tetrodotoxin resistance in pulferiishes,

Venkatesh B, Lu SQ, Dandona N, See SL, Brenner S, Soong TW.
Curr Biol. 2005 Nov 22;15(22):2069-72.

cAlMP-induced Inferleukin-10 promoter activation depends on COAAT/enhancer-hinding protein

- gxoression and monocviic differentiation.

Brenner S, Prosch S, Schenke-Layland K, Riese U, Gausmann U, Platzer C.
J Biol Chem. 2003 Feb 21 278(8):5597-604. Epub 2002 Dec 18.

SNID: 17
I T

Molecular cloning of the novel human G protein-coupled recepior (GPCR) gene mapped on
chromosome 8,

Yamaguchi F, Tokuda M, Hatase O, Brenner S.
Biochem Blophys Res Commun. 1996 Oct 14;227(2):608-14.

Surface display of proteing on bacteriophage lambda heads.

. Mikawa YG, Maruyama IN, Brenner S.

Transiocation svenis in the svoluiion of aminoacvi-iRNA synihelases.

Brenner S, Corrochano LM.
Proc Natl Acad Sci U S A. 1996 Aug 6;93(16):8485-9.

& Asticle

isolation, characierization and evolution of nine pufferfish {Fugu rubrines) actin genes,

Venkatesh B, Tay BH, Elgar G, Brenner S.
J Mol Biol. 1996 Jun 21;259(4):655-65.

Cloning and funciional expression of cDNAs sncoding human and ral pancieatic polvpeplide

receptors,
Yan H, Yang J, Marasco J, Yamaguchi K, Brenner S, Collins F, Karbon W.
Proc Natl Acad Sci U S A. 1996 May 14;93(10):4661-5.

HD: 86

Lambda foo: g lambda phage vecior for the exprassion of oreign proteing,

Maruyama IN, Maruyama HI, Brenner S.
Proc Natl Acad Sci U S A. 1994 Aug 16;91(17):8273-7.

Multinle oligomeric siales requlale the DNA binding of helix-logp-helix peplides,
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17. Fairman R, Beran-Steed RK, Anthony-Cahill SJ, Lear JD, Stafford WF 3rd, DeGrado WF, Benfield PA,
Brenner SL.
Proc Natl Acad Sci U S A. 1993 Nov 15;90(22):10429-33.
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i DNA fingempninting by sampled sequencing.
- McGuigan TL, Livak KJ, Brenner S.
Methods Enzymol. 1993;218:241-58. No abstract available.

1 A selective lambda phage dloning vector with sutomatic excision of the insert ina plasmid,

19. Maruyama IN, Brenner S.
Gene. 1992 Oct 21;120(2):135-41.
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rech protein flaments bind two molacules of single-siranded DINA with off rates requlaled by
. nucledtide colactor,

Zlotnick A, Mitchell RS, Brenner SL.
(28):17050-4.

rechA protein-promoled ATP hvdrolysis ocours throughoul recd nucieoproliain filaments,

- Brenner SL, Mitchell RS, Morrical SW, Neuendorf SK, Schutte BC, Cox MM.
J Biol Chem. 1987 Mar 25;262(9):4011-6.
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A new selective phage cloning vector, lambda 2001, with sites for Xbal, BamHl, Hindill, EeoHl, Ssil
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Karn J, Matthes HW, Gait MJ, Brenner S.

Gene. 1984 Dec;32(1-2):217-24.
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Bhat, Narayan

From: James S. Keddie <keddie@bozpat.com>
Sent: Wednesday, March 25, 2015 8:07 PM
To: Bhat, Narayan

Subject: RE: 14/172,694

{ filed the TD today. This case should be good to go now. Thanks,

From: James S. Keddie

Sent: Wednesday, March 25, 2015 1:03 PM
To: 'Bhat, Narayan'

Subject: RE: 14/172,694

This looks fine but Vm too 'wan‘me*i to file the TD. Here's the amendment - please go ahead and prep the By’s
amendment and ' file an e-TD fivst thing tomorrow. Thanks, Jlames

From: Bhat, Narayan [mailtc:Narayan. Bhat@USPTO.GOV]
Sent: Wednesday, March 25, 2015 10:54 AM

To: James S. Keddie

Subject: RE: 14/172,694

P meant “that is from 100 bases to 30 kile bases inlength”.

Narayan K Bhat
Primary Examingr, AU 1834,

P&;meﬁ CO9, TC 1800, USPTQ, DOC, Alexandria, VA-Z22313
T 571272 3541‘}
Fax: ﬁm 273-585

From: James S. Keddie [maiito:keddie@bozpat.com)]
Sent: Wednesday, March 25, 2015 1:43 PM

To: Bhat, Narayan

Subject: RE: 14/172,694

Dear Exr. Bhat,

UHd you mean “thatis from 100 bases to 30 kilo bases inlength” {le., “30 kb, not "3 kb™Y?
lames

From: Bhat, Narayan [maaito Naravan Bhat@USPTO.GOV]

Sent: Tuesday, March 24, 2015 9:36 AM
To: James S. Keddie
Subject: RE: 14/172,694
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Mr. Keddie,

Thank you very much for vour prompt responss. I you want to an interview tomaorrow, that is O with me, Please
suggest the time. | have reviewed the prosscution histories of the parent application 13/387,343 resulting In the
issuancs of patent (LIS 8,298,787}, instant pending claims and the specification. i following suggestions are accaptable,
vou can send the amendad claims and the abstract and authorize 1o enter ther via examiner’s ameandmaents.

However, vou need o file the TD and after its acceptance by the office, | can issue the allowances action pending minor
amendments to addrass 112 issues or typographical errar.

2

Amendments : Ualm 1. In ling B add the limitation of “a polynucleotide of interest thatis from 100 bases to 3 Kilo hases
in length; having”, to be in Hne with sllowed claim Hmitation of "787 patent and also to overcome potential new matter
“tion.

Ciaim 14 and 18- need to ba cancelied or amended to further imit claim 1.

Abstract — replace the acronyn "MID” with “multiplex identifisr”.
Filing of a terminal disclaimer and it approval by the office to overcomae the potential ODP rejection instant pending
claims over claims of ‘767 patent.

Narayan K Bhat
Frimary Exarminer, ALl 16834,

Remsan 3004, TC 1800, USPTO, DOC, Alexandria, VA-22313
T BT1-272-5540
Fax: 571-273-5540

From: James S. Keddie [maiiio:keddie@bozpat.com]
Sent: Tuesday, March 24, 2015 11:55 AM

To: Bhat, Narayan

Subject: 14/172,694

14/172,694
Dear Exr. Bhat,
Thanks for your voicemail. My client is on a plane to the UK right now, so | will get back to you tomorrow if that is okay.

James

Confidentiality Notice: This e-mail transmission may contain confidential or
legally privileged information that is intended only for the individual(s) or
entity(ies) named in the e-mail address. If you are not the intended
recipient, or if this e-mail has been mistakenly directed to you, you are hereby
notified that any disclosure, copying, distribution, or reliance upon the
contents of this e-mail is strictly prohibited. If you have received this
e-mail

transmission in error, please immediately notify the sender at

1-650-327-3400, so that Bozicevic, Field and Francis LLP can arrange for proper
delivery, and then please delete the message from your system.

Thank you.

Confidentiality Notice: This e-mail transmission may contain confidential or
2
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legally privileged information that is intended only for the individual(s) or
entity(ies) named in the e-mail address. If you are not the intended

recipient, or if this e-mail has been mistakenly directed to you, you are hereby
notified that any disclosure, copying, distribution, or reliance upon the
contents of this e-mail is strictly prohibited. If you have received this
e-mail

transmission in error, please immediately notify the sender at

1-650-327-3400, so that Bozicevic, Field and Francis LLP can arrange for proper
delivery, and then please delete the message from your system.

Thank you.

Confidentiality Notice: This e-mail transmission may contain confidential or
legally privileged information that is intended only for the individual(s) or
entity(ies) named in the e-mail address. If you are not the intended
recipient, or if this e-mail has been mistakenly directed to you, you are hereby
notified that any disclosure, copying, distribution, or reliance upon the
contents of this e-mail is strictly prohibited. If you have received this
e-mail

transmission in error, please immediately notify the sender at

1-650-327-3400, so that Bozicevic, Field and Francis LLP can arrange for proper
delivery, and then please delete the message from your system.

Thank you.
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16. Muilinle receptor-like kKinase ¢DNAs from liverwort Marchantia polvmorpha and two charophivesan
green glgae, Closterium shrenbergil and Nilella apillaris: Exiensive gene duplications and gens
shulflings in the sardy evoiulion of strepionhivies,

Sasaki G, Katoh K, Hirose N, Suga H, Kuma K, Miyata T, Su ZH.
Gene. 2007 Oct 15;401(1-2):135-44. Epub 2007 Jul 19.

pech i 0
FRAT 30

Current tonics in genome evolulion: molecular mechanisms of new gene lormation,

- Babushok DV, Ostertag EM, Kazazian HH Jr.
Cell Mol Life Sci. 2007 Mar;64(5):542-54. Review.
SR 47 1RER0S

B

fat
=

b Expansion of prolan domain rapeals,
18. Bjsrklund AK, Ekman D, Elofsson A.

PL0oS Comput Biol. 2006 Aug 25;2(8):e114. Epub 2006 Jul 14.
PR W w @

eiei) TR I W

Directed svolubion of plani basic helbeloop-helix ranseription factors for the improvement of
- lransactivational properties.

Pattanaik S, Xie CH, Kong Q, Shen KA, Yuan L.

Biochim Biophys Acta. 2006 Jun;1759(6):308-18. Epub 2006 May 13.

Adeno-asseciated virus serotvpes: vecior foeoiki for human gens therapy.
- Wu Z, Asokan A, Samulski RJ.
Mol Ther. 2006 Sep;14(3):316-27. Epub 2006 Jul 7. Review.

PN

 Bhuffiing of discrete IRNASer regions reveais differentlv ulllized identity slemenis in veast and
- methanggenic archasa,

Gruic-Sovulj |, Jaric J, Dulic M, Cindric M, Weygand-Durasevic I.
J Mol Biol. 2006 Aug 4;361(1):128-39. Epub 2006 Jun 21.

AN, A Ny
FRED: 18 2

Seleclion and optimization of protecoivtically stable llama single-domain antibody fragments for oral

22. nmunctherapy.
Harmsen MM, van Solt CB, van Zijderveld-van Bemmel AM, Niewold TA, van Zijderveld FG.

Phviogeny and domain svolution in the APETALAZ-lke gene family.

23. Kim S, Soltis PS, Wall K, Soltis DE.
Mol Biol Evol. 2006 Jan;23(1):107-20. Epub 2005 Sep 8.
. . p .

A novel high-throughput (HTP) cloning stralegy for sile-directad designed chimeragenesis and
- mutation using e Galeway cioning sysiem.
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Suzuki Y, Kagawa N, Fujino T, Sumiya T, Andoh T, Ishikawa K, Kimura R, Kemmochi K, Ohta T, Tanaka
S.

Nucleic Acids Res. 2005 Jul 11;33(12):e109.

BRAD: Qe R o

> PG Artivle

Ganelic charactenization of the polvihvdroxvalkanoate) syrthases of various Pssudomonas
25. gisovorans sirains,

Solaiman DK, Ashby RD.
Curr Microbiol. 2005 Jun;50(6):329-33. Epub 2005 Jun 13.

Offsed recombinant PCRa simple but effective method for shuffling compact haterclonous domains,

- Rozak DA, Bryan PN.
Nucleic Acids Res. 2005 May 18; 33(9) e82.

Recognition of phospholipids in Skreptomyoees_phospholinase D

27. Uesugi Y, Mori K, Arima J, lwabuchi M, Hatanaka T.
J Biol Chem. 2005 Jul 15; 280(28) 26143-51. Epub 2005 May 17.

PRI

Structure and the evolutionary implication of the friplicated complement facior B genes o a
- yrochordate ascidian, Ciona intestinalis.
Yoshizaki FY, lkawa S, Satake M, Satoh N, Nonaka M.

Immunogenetlcs 2005 Mar;56(12):930-42. Epub 2005 Jan 27.

2802

YVariety of antimicrobial peptides in the Bombing maxima load and evidence of their rapid

- diversification,
Lee WH, LiY, Lai R, Li S, Zhang Y, Wang W.

Eur J Immunol. 2005 Apr;35(4):1220-9.
o3

A bioirformatics analvsis of sllernalive sxon usags in human genes coding for exdracellular matnix
30. proleins,

Sakabe NJ, Vibranovski MD, de Souza SJ.
Genet Mol Res. 2004 Dec 30; 3(4) 532-44.

© Astrategy for shutfling numerous Beacillus thuringlensis orysial protein domains.
- Knight JS, Broadwell AH, Grant WN, Shoemaker CB.
J Econ Entomol. 2004 Dec;97(6):1805-13.

Recurrent recruiiment of the THAF DNA-binding domain and molecular domestication of the P-
- fransposable slement
Quesneville H, Nouaud D, Anxolabehere D.
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Mol Biol Evol. 2005 Mar;22(3):741-6. Epub 2004 Dec 1. Erratum in: Mol Biol Evol. 2005 Apr;22(4):1160.

i New MHO class (g domain linsages in reinhow trout (Oneorhynchus mvkiss) which are shared wilh
33. giher fish species.

Kiryu I, Dijkstra JM, Sarder RI, Fujiwara A, Yoshiura Y, Ototake M.
Fish Shellfish Immunol. 2005 Mar;18(3):243-54.

Lvoiution of the AIDJAFOBEC family of polynuciectide {deoxyicyviidine deaminasss.

34. Conticello SG, Thomas CJ, Petersen-Mahrt SK, Neuberger MS.
Mol Biol Evol. 2005 Feb;22(2):367-77. Epub 2004 Oct 20.

G Family shuffling of expandase genes o enhance subslrate specificily for penicillin .
- Hsu JS, Yang YB, Deng CH, Wei CL, Liaw SH, Tsai YC.
Appl Environ Microbiol. 2004 Oct; 70(10) 6257-63.

SR &
Froe PMC Article

§ Molecular evolution of PAS domain-containing proteins of filamentous evanobacteria through domsin
36. shuffling and domain dunlication.

Narikawa R, Okamoto S, Ikeuchi M, Ohmori M.
DNA Res. 2004 Apr 30; 11(2) 69-81.

Developmernd of single-domain recombinant antibodins 10 reverss ransciiniase domain of human
37. KWTERT.

Huang M, Zhang B, Wang J, Mei F, Hou L.

Hybrld Hybridomics. 2004 Aug;23(4):244-9.

19

¢ Prodein enginecring of iolusne ortho-monooxygenase of Burkholderia cepacia G4 for regiospaecific
38. hydroxviation of indole to form various indigeid compounds.

Rui L, Reardon KF, Wood TK.
Appl Microbiol Biotechnol. 2005 Jan;66(4):422-9. Epub 2004 Jul 31.

invivo selection of combinaiarial libraries and designed affinib maturation of polvdachdd zing finger
- lranscription faclors for ICAM-1 provides new instahis inle gene regulation,

Magnenat L, Blancafort P, Barbas CF 3rd.
J Mol Biol. 2004 Aug 13;341(3):635-49.

Py

The GATA family of franscription faciors in Arabidopsis and rice.

40. Reyes JC, Muro-Pastor MI, Florencio FJ.
Plant Phy31ol 2004 Apr;134(4):1718-32.
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An efficient method for creation and funclional analysis of libranes of hvbrid bvpe | polvieiids

- gynihases,
Kim BS, Sherman DH, Reynolds KA.
Protein Eng Des Sel. 2004 Mar; 17(3) 277-84. Epub 2004 Apr 5.

{)‘ \ {‘le .}‘\\ ;\‘ \ \» \\ \‘ \

Genomic analysis of the nudlear receptor family: new insights into struclure, regulalion, and svelylion
42. from the gl genoms,

Zhang Z, Burch PE, Cooney AJ, Lanz RB, Pereira FA, Wu J, Gibbs RA, Weinstock G, Wheeler DA.
Genome Res. 2004 Apr 14(4):580-90.

i Computational identiication of novel chilinase-like proteins in the Drosophila melanogaster genoms,
43. Zhu Q, Deng Y, Vanka P, Brown SJ, Muthukrishnan S, Kramer KJ.
Bioinformatics. 2004 Jan 22;20(2):161-9.

i = ¥y
e © Article

Domain exchanas belween isoforms of ferredoxin-NADP+ reductase produces a funclional snzving,
44. Aliverti A, Pandini V, Zanetti G.
Biochim Blophys Acta. 2004 Jan 14;1696(1):93-101.

FF2BA00

Domain shuffling has been the main mechanism forming new homincid killer call ig-like receplors,

45. Rajalingam R, Parham P, Abi-Rached L.
J Immunol. 2004 Jan 1;172(1):356-69.

Frawe Article

Arti-cardiolipin/bela-2 glvcoprotsin aclivities co-axist on human ant-BNA antibody Hghi chains.

- Kumar §, Nagl S, Kalsi JK, Ravirajan CT, Athwal D, Latchman DS, Pearl LH, Isenberg DA.
Mol Immunol. 2003 Dec;40(8):517-30.

Highly specific zing finger proteins oblained by direcled domain shutfling and cell-based selsction.

- Hurt JA, Thibodeau SA, Hirsh AS, Pabo CO, Joung JK.
Proc Natl Acad Sci U S A. 2003 Oct 14;100(21):12271-6. Epub 2003 Oct 3.

A human homolog of the yveast gene encoding IRNA 2'-phosphotransierass: cloning, characterization
- and complementation analvsis,

Hu QD, Lu H, Huo K, Ying K, Li J, Xie Y, Mao Y, Li YY.
Cell Mol Life Sci. 2003 Aug;60(8):1725-32.

Onthe structural and functional modulanity of ghvdinamide ribonuclactide formyitransferases.

- Lee SG, Lutz S, Benkovic SJ.
Protein Sci. 2003 Oct; 12(10) 2206-14.
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52.

53.

54.

55.

56.

Subsirate tumover and inhibitor binding as selgction parameters in ditscled evolution of blood

- coagulation factor Xa.

Lorentsen RH, Mgller CH, Etzerodt M, Thagersen HC, Holtet TL.
Org Biomol Chem. 2003 May 21;1(10):1657-63.

Dintection of gene duplications and bioek duplications in sukarvelic genomes,

- Li WH, Gu Z, Cavalcanti AR, Nekrutenko A.

J Struct Funct Genomics. 2003;3(1-4):27-34. Review.

SRATY.
FRAD 8

Phospholipase C-gamma containg introns shared by sre homology 2 domains in many unrelaled

Manning CM, Mathews WR, Fico LP, Thackeray JR.
-42.

improving the speciic synthatic activily of a penicillin g acviase using DNA family shuffling.

Zhou Z, Zhang AH, Wang JR, Chen ML, Li RB, Yang S, Yuan ZY.
Sheng Wu Hua Xue Yu Sheng Wu Wu Li Xue Bao (Shanghai). 2003 Jun;35(6):573-9.

o Ny

e

Evplution of the thyrolropin receptor: a G protein coupled receptor wilh an inlnnsic capacily o
dimerize,

Kaczur V, Puskas LG, Takacs M, Racz IA, Szendroi A, Téth S, Nagy Z, Szalai C, Balazs C, Falus A,
Knudsen B, Farid NR.

Mol Genet Metab. 2003 Apr;78(4):275-90.

[
P GATR

Modifving the stersochemisty of an enzyvme-catalvzed reaction by directed evolulion,

Williams GJ, Domann S, Nelson A, Berry A.
Proc Natl Acad Sci U S A. 2003 Mar 18;100(6):3143-8. Epub 2003 Mar 7.

TRAITY 408 A Vrae DRI Astinis
AL 12020743 Frag FMO Article

DMA shuffling method for generating sstrogen recepior alpha and beta chimeras in veast

Sun J, Katzenellenbogen JA, Zhao H, Katzenellenbogen BS.
Biotechniques. 2003 Feb;34(2):278-80, 282, 284 passim.

Molecular basis for the sublvpe discrimination of the eslrogen recepior-bela-selective ligand

- digrvipropionitrile.

Sun J, Baudry J, Katzenellenbogen JA, Katzenellenbogen BS.
Mol Endocrinol. 2003 Feb;17(2):247-58.

Binchemical and genelic bases of microbial degradation of polychiorinated hiphenvis {(PCBs).

- Furukawa K.
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60.

61.

63.

64.

The maior histocompatipility class | lonus in Allentic salmon (Balmo salar L) polvmorghism, linkage

- analysis and protein modelling,

Grimholt U, Drablgs F, Jargensen SM, Hayheim B, Stet RJ.

Immunogenetics. 2002 Nov;54(8):570-81. Epub 2002 Oct 2.
= g

Domain analysis of lranscriptionsl regulators bearning PTS requlalory domains.

Greenberg DB, Stulke J, Saier MH Jr.
Res Microbiol. 2002 Oct;153(8):519-26.

4

EE VN

EHD2: & protein that resides in recycling tubular and vesicular membrane struciures and interacts with

EHDI,

Galperin E, Benjamin S, Rapaport D, Rotem-Yehudar R, Tolchinsky S, Horowitz M.
Traffic. 2002 Aug;3(8):575-89.

s

A new method to Iocalize and test the significance of incongruence, detecling domain shuffling inthe

- nuclear recepior supsriamily,

Thornton JW, DeSalle R.
Syst Biol. 2000 Jun;49(2):183-201.

identification and evolulionary analysis of pulative ovioplasmic mopA-like prolein in g baclerial strain
fiving in symbiosis with g myveorrhizal fungus.

Minerdi D, Fani R, Bonfante P.

J Mol Evol. 2002 Jun;54(6):815-24.

~

F1 &3

Daciphering ihe action of aromatic effeciors on the prokaryolic enhancer-binding protein XyiB: a
struciural model of its N-lerminal domsin

Devos D, Garmendia J, de Lorenzo V, Valencia A.
Environ Microbiol. 2002 Jan;4(1):29-41.

O 11088822

......

Qrigins of the machingry of recombination and sex,

- Cavalier-Smith T.

Heredity (Edinb). 2002 Feb;88(2):125-41. Review.

2§ R

Sree ¢ SR

Segusncs analvsis of the lacioeoccal bacisriophage biL170: insighis infe struclural proteins ang HNH

- endonucieases in dalry phages,

Crutz-Le Coq AM, Cesselin B, Commissaire J, Anba J.
Microbiology. 2002 Apr;148(Pt 4):985-1001.
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Sequence permudations in the molecular svelulion of BNA methvllransierases,
- Bujnicki JM.
BMC Evol Biol. 2002 Mar 12;2:3.

PRED 11314127

© o Exdiensive domain shutfling in franscription requiators of BNA viruses and implications for the onigin
68. of fungat APSES transcription factors.

lyer LM, Koonin EV, Aravind L.
Genome Biol. 2002;3(3):RESEARCH0012. Epub 2002 Feb 13.

4 ¥

Funclional evolution of two subily different {similar) foids.

69. Agrawal V, Kishan RK.
BMC Struct Biol. 2001;1:5. Epub 2001 Dec 21.

O N bl
G Article

LIRF . a gene induced during hippecampal long-term polentialion as an immediate-sarly gene,
- gncodes a novel BING fingsr prolsin,

Matsuo R, Asada A, Fujitani K, Inokuchi K.
Biochem Biophys Res Commun. 2001 Nov 30;289(2):479-84.

38

Directed evcoiution of aipha-asparty] dipeptidase from Salmonelia vphimurium,
- Kong X, LiuY, Gou X, Zhu S, Zhang H, Wang X, Zhang J.
Biochem Biophys Res Commun. 2001 Nov 23;289(1):137-42.

DRAMY. 41 TPanTan
PRUD: 1170RTR0

Gene family evolution and homology:, gengmics meets shviogenatios,

72. Thornton JW, DeSalle R.
Annu Rev Genomics Hum Genet. 2000;1:41-73. Review.

.
FRAE

170824

Conseguences of Hox gens duplicalion in the verisbrales: an investigalion of the zebrafish MHox
- paralogue group 1 genes.

McClintock JM, Carlson R, Mann DM, Prince VE.

Development. 2001 Jul;128(13):2471-84.

¥ BN 384 Fres Asticle

Svolution of an agtotransporier: domain shuffling and laters! ransfer from pathogenic Hasmophilus
74. o Neisseria,

Davis J, Smith AL, Hughes WR, Golomb M.

J Bacteriol. 2001 Aug;183(15):4626-35.
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76.

77.

78.

81.

Building novel binding ligands to B7.1 and B7.2 based on human antibody single vanable ight chain
domaing.

van den Beucken T, van Neer N, Sablon E, Desmet J, Celis L, Hoogenboom HR, Hufton SE.
J Mol Biol. 2001 Jul 13;310(3):591-601.

PRUD: 1140

Fungal Zuotin proleins svolved from MIDA-like factors by linsage-specific loss of MYE domains.

Braun EL, Grotewold E.
Mol Biol Evol. 2001 Jul; 18(7) 1401-12.

&

raa N
Fa A

Domain swapping and gene shufiling identify sequences reguired for induction of an Avi-dependent
hypersensitive response by ihe tomalo G4 and CHE proteins,

Wulff BB, Thomas CM, Smoker M, Grant M, Jones JD.
Plant Cell. 2001 Feb; 13(2) 255-72.

Diffsrent struclural regulrernents Tor plasminogen aclivator inhibifor 1 (PAL1) durng lalency fransilion
and proteinase inhibition as svidenced by phage-displaved hypermuiated PARL1T Hbrariss.,
Stoop AA, Eldering E, Dafforn TR, Read RJ, Pannekoek H.

J Mol Biol. 2001 Jan 26;305(4):773-83.
},_i\ O

Mapping, characierization, and expression analvsis of the SM-20 human homologue, olorfi2, and

- identification of a novel related gene. SCANDZ,

Dupuy D, Aubert |, Dupérat VG, Petit J, Taine L, Stef M, Bloch B, Arveiler B.
Genomics. 2000 Nov 1;69(3):348-54.

Genomic structure of the gene encoding human 3-hydroxy-3-methyl-glutand cosnzyme A reductass;

- comparison of exen/intron organization of stercl-sensing domains among four relaled genes.

Nakajima T, Iwaki K, Hamakubo T, Kodama T, Emi M.
J Hum Genet. 2000;45(5):284-9.

PRAD: 14

Scapharca inasquivaivis A and B miniglobin genss: promoter activity of the §' flanking regions and in
vive transerplion.

Gambacurta A, Basili P, Ascoli F.

Gene. 2000 Sep 5;255(1):75-81.

2 f0RTASER

The onain of the Jingwel gene and the complex modular struciure of #is parental gene, vellow

- grneron in Dresephiia melancuasiern

Wang W, Zhang J, Alvarez C, Llopart A, Long M.
Mol Biol Evol. 2000 Sep;17(9):1294-301.
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83. Novsl folded protein domains generated by combinaiorial shuffiing of polvosptide segments

Riechmann L, Winter G.
Proc Natl Acad Sci U S A. 2000 Aug 29;97(18):10068-73.

Bacterial mode of replication with eukaryotic-iike machinery in g hvperhaermoghilic archaeon.

- Myllykallio H, Lopez P, Lépez-Garcia P, Heilig R, Saurin W, Zivanovic Y, Philippe H, Forterre P.
Science. 2000 Jun 23; 288(5474) 2212-5.
\ "}

LDnoineering dioxygenasses for efficient degradation of snvironmenial pollutanis.
- Furukawa K.
Curr Opin Biotechnol. 2000 Jun;11(3):244-9. Review.

MNovel tvpe | restriclion specificilies through domain shuffling of HsedS subunits in Laclocoorus lacts,

- O'Sullivan D, Twomey DP, Coffey A, Hill C, Fitzgerald GF, Ross RP.
Mol Microbiol. 2000 May;36(4):866-75.

identification of an eflfecior specificity subregion within the aromatic-responsive regulaiors DmpR and
87. XyiR v BNA shuifiing.

Skarfstad E, O'Neill E, Garmendia J, Shingler V.

J Bacteriol. 2000 Jun;182(11):3008-16.

PMID: 10809676 i

K

e BRI &
«R

o,
I3

R

The mouse neurological mutand failer sxpresses a novel hvbrid gene derved by sxon shutfling
- betwesn Gnbd and MyoSa,

Jones JM, Huang JD, Mermall V, Hamilton BA, Mooseker MS, Escayg A, Copeland NG, Jenkins NA,
Meisler MH.

Hum Mol Genet. 2000 Mar 22; 9(5) 821-8.

FRID: 107 &

Racipmeal domain evolution within a fransactivalor in a restiicied sequsnge spage,
89. Juarez K, Flores H, Davila S, Olvera L, Gonzalez V, Morett E.

Proc Natl Acad Sci U S A. 2000 Mar 28;97(7):3314-8.
BRAD: 107 2 A o

\_e \\ \‘ \\ i\‘

Directed evolution of a novel N-carbamviase/B-hydanioinage fusion enzvime for funciional expression
90. with enhanced siability,

Kim GJ, Cheon YH, Kim HS.

Biotechnol Bioeng. 2000 Apr 20;68(2):211-7.

¢ Baclerial cell surface display of an snzvme Bbrary for seleclive screening of improved colluiase
91. varignis.
Kim YS, Jung HC, Pan JG.
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Appl Environ Microbiol. 2000 Feb;66(2):788-93.
w2 T 0] by SRSS & N

BN 37 Fros PMEG S i

Evolution of bHEH ranscription faciors medular gvelulion by domain shulfling?
- Morgenstern B, Atchley WR.
Mol Biol Evol. 1999 Dec;16(12):1654-63.

R aed fond
Ariinta
ArPSE

PRED: 10608108 Frae
Gene structure and function of tvrosing kinases in the marine sponge Geodia evdonium:
- aulapomorphic charactars in Melazoa,
Muller WE, Kruse M, Blumbach B, Skorokhod A, Muller IM.
Gene. 1999 Sep 30;238(1):179-93.

Y

[l 108

Origin of new genes and source for N-termina! domain of the chimerical gens, lingwel, in Drosophila.
- Long M, Wang W, Zhang J.

Gene. 1999 Sep 30;238(1):135-41.

s
S

Module-intron correlation and intron sliding in family F/A1G xvlanase genas,

- Sato Y, Niimura Y, Yura K, Go M.
Gene. 1999 Sep 30;238(1):93-101.

Affinity maturation of a Tag DNA polymerase specific affibody by helix shuffling,

96. Gunneriusson E, Nord K, Uhlén M, Nygren P.
Protein Eng. 19

o

i

5 Protein vrosing kinase oDNAs from amphioxus, hagfish, and lamprey: isoform duplications around the
97. divergence of ovoiosiomes and gnathosiomes.

Suga H, Hoshiyama D, Kuraku S, Katoh K, Kubokawa K, Miyata T.
J Mol Evol. 1999 Nov;49(5):601-8.

GENOA S

Molscular evolulion of the thermosensilive PABIE20 epitone of human pd3 by BNA shuffling,

98. Xirodimas DP, Lane DP.
J Biol Chem. 1999 Sep 24;274(39):28042-9.

2y § i Sran
tal) He At Bree

The strength of inleraction at the Baf cysieing-rich domain is 3 oritical deleminant of response of Raf
- 1o Ras family small GTPases.

Okada T, Hu CD, Jin TG, Kariya K, Yamawaki-Kataoka Y, Kataoka T.

Mol Cell Biol. 1999 Sep;19(9):6057-64.

& DR o1
D PN WS

e
PR

Repsiitive uss of a phosphate-binding module in DNA& polvmerase beta, Cci-1 POU domain and
100. phage renressors,
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Yura K, Shionyu M, Kawatani K, Go M.
Cell Mol Life Sci. 1999 Mar;55(3):472-86.
&Y 241

in vitro evolution of thermostable p53 varianis,

101. Matsumura I, Ellington AD.
Protein Sci. 1999 Apr 8(4) 731-40.

Cloning, mapping. and genomic grganization of the LSLCL gens, encoding a new lvmphocviic
102. secreted mucin-like protein with a C-tvpe Jesiin domain A new model of exon shuffling,
Bannwarth S, Giordanengo V, Grosgeorge J, Turc-Carel C, Lefebvre JC.

Genomics. 1999 Apr 15;57(2):316-7. No abstract available.

i Enginesring mubli-domain redox protsing containing flavodoxin as bio-transiormer preparatory
103. giudias by rational design,

Valetti F, Sadeghi SJ, Meharenna YT, Leliveld SR, Gilardi G.

Biosens Bioelectron. 1998 Sep 15;13(6):675-85.

P &1

Ancierd gene duplication and domaln shuffling inthe animal ovdlic nucleotide phosphodiesierass
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422 430 3/26/15 Bhat N.
SEARCH NOTES
Search Notes Date Examiner
Reviewed the arts filed in the IDS of 4/2/2014. It is noted that the said arts 3/26/15 Bhat N.
are the ones that are applied during the prosecution of copending
applications resulting in the issuace of the patents.
Reviewed the copending applications in PALM from the inventors and 3/26/15 Bhat N.
claims in eDAN for potential ODP issues.
Reviewed the prosecution histories of the parent and copending 3/26/15 Bhat N.
applications resulting in the issuance of the patents.
Reviewed the PCT and provisional applications for the support for the 3/26/15 Bhat N.
allowed claims.
Updated the search for the topics in EAST, Pubmed and Google scholar. 3/26/15 Bhat N.
Search histories are enclosed.
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INTERFERENCE SEARCH

US Class/
CPC Symbol

US Subclass / CPC Group

Date

Examiner

Searched using key words in EAST. Search history is

enclosed.

3/26/15

Bhat N.

/NARAYAN BHAT/

Primary Examiner.Art Unit 1634

U.S. Patent and Trademark Office
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {Hits Search Query \\DBs Default i{Plurals iTime

# Operator | Stamp

L1 §10 (reflex near3 sequence) nearb US-PGPUB; OR ON 2015/03/26
(anneal$3 or bind$3 or hybridi$6) {USPAT; USOCR; 18:45
near5 (polynucleotide or FPRS; EPO; JPO;
oligonucleotide or dna or nucleic) §DERWENT;

IBM_TDB

2 i4 1 and (reflex near3 sequence) US-PGPUB; OR ON 2015/03/26
near5 (extend$3 or elongat$4) USPAT; USOCR; 18:45
nearb ("3" or "3 ') FPRS; EPO; JPO;

DERWENT;
IBM_TDB

L3 {1711 (shuffl$3 or mov$3) nearb US-PGPUB; OR {ON 2015/03/26
(domain or region or segment or §USPAT; USOCR; 19:04
section) near5 (dna or nucleic or {FPRS; EPO; JPO;
polynucleotide) DERWENT;

|BM_TDB ;

L4 §377 3 and (complement$3 near3 US-PGPUB; OR ON 2015/03/26

sequence) nearb "3" USPAT; USOCR; 19:06
FPRS; EPO; JPO;
DERWENT;
|BM_TDB

L5 {142 4 and (extend$3 or elongat$3) US-PGPUB; OR ON 2015/03/26

near5 "3" USPAT; USOCR; 19:07
FPRS; EPO; JPO;
DERWENT;
|BVI_TDB

L6 {129 5 and (dna or nucleic or US-PGPUB; OR ON 2015/03/26
polynucleotide) near5 ("desired USPAT; USOCR; 19:08
site" or snp or polymorph$4 or FPRS; EPO; JPO;
mutation) DERWENT;

IBM_TDB {

L7 98 8 and amplif$6 near5 ("desired US-PGPUB; OR i{ON 2015/03/26
site” or snp or polymorph$4 or USPAT; USCCR,; 19:09
mutation) FPRS; EPO; JPO;

DERWENT;
IBM_TDB i

L8 8 7 and reflex US-PGPUB; OR ON 2015/03/26
USPAT; USOCR; 19:09
FPRS; EPO; JPO;
DERWENT;
IBM_TDB

L9 ii624202 {{"435"/$.ccls. or "536"/$.ccls. or  {US-PGPUB; OR ON 2015/03/26

"422"/$.ccls. USPAT; USOCR; 19:12
FPRS; EPO; JPO;
DERWENT;
IBM TDB

L10 {37763 {(C12Q1/68 or C12Q1/686 or US-PGPUB; OR JON 2015/03/26
Q07H21/02 or GO1N31/22 or USPAT; USOCR; 19:14
GO1N33/52).cpc. FPRS; EPO; JPO;

DERWENT;
IBM_TDB

file:///Cl/Users/nbhat1/Documents/e-Red%20Folder/14172694/EASTSearchHistory.14172694_Accessible Version.htm[3/26/2015 7:25:33 PM]
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EAST Search History

L11 {1674 (9 or 10) and ((reflex or shuf$s  {US-PGPUB; OR HON 2015/03/26
or moving) near3 sequence) USPAT; USOCR; 19:17
near5 (polynucleotide or FPRS; EPO; JPO;
oligonucleotide or dna or nucleic) §DERWENT;

|BM_TDB :

L12 §1437 11 and (domain or segment or US-PGPUB; OR ON 2015/03/26
region or section) near5 USPAT; USCCR; 19:19
(polynucleotide or oligonucleotide §FPRS; EPO; JPO;
or dna or nucleic) DERWENT;

IBV_TDB
L13 {1143 {12 and (dna or nucleic or US-PGPUB; OR ON 2015/03/26
iipolynucleotide) near5 ("desired USPAT; USOCR; 19:19
site" or snp or polymorph$4 or FPRS; EPO; JPO;
mutation) DERWENT;
IBVI_TDB

L15 {19 13 and (reflex or shuffl$3 or US-PGPUB; OR ON 2015/03/26
mov$3) near5 (complement$3 USPAT; USOCR; 19:21
near3 sequence) FPRS; EPO; JPO;

DERWENT;
IBVI_TDB

L16 {2038 ((reflex or shuf$5 or moving) US-PGPUB; OR {ON 2015/03/26
near3 sequence) nearb USPAT; USOCR; 19:23
(polynucleotide or oligonucleotide §{FPRS; EPO; JPO;
or dna or nucleic) DERWENT;

|BM_TDB i

L17 §1416 16 and (dna or nucleic or US-PGPUB; OR ON 2015/03/26
polynucleotide) near5 ("desired USPAT; USOCR; 19:23
site" or snp or polymorph$4 or FPRS; EPO; JPO;
mutation) DERWENT;

IBM_TDB

L18 {22 17 and (reflex or shuffl$3 or US-PGPUB; OR ON 2015/03/26
mov$3) near5 (complement$3 USPAT; USOCR,; 19:23
near3 sequence) FPRS; EPO; JPO;

DERWENT;
IBM_TDB

S1 {27814 {population.as. or BRENNER.in. or {{US-PGPUB; OR JON 2015/03/24
MIKAWA.in. or OSBORNE.in. or USPAT; USOCR,; 10:10
SLATTER.in. FPRS; EPO; JPO;

DERWENT;
IBVI_TDB :

S2 6 S1 and (reflex near3 US-PGPUB; OR HON 2015/03/24
sequence).cim. USPAT; USOCR; 10:14

FPRS; EPO; JPO;
DERWENT;
IBM_TDB !

S3 i3 S2 and (reflex near3 sequence) US-PGPUB; OR ON 2015/03/24
near5 (anneal$3 or bind$3 or USPAT; USOCR; 10:15
hybridi$6) near5 (polynucleotide {FPRS; EPO; JPO;
or oligonucleotide or dna or DERWENT;
nucleic).clm. IBM TDB

$4 19 (reflex near3 sequence).clm. US-PGPUB; OR ON 2015/03/24

USPAT; USOCR; 10:20
FPRS; EPO; JPO;

DERWENT;

IBM_TDB

S5 §3 $4 and (reflex near3 sequence) US-PGPUB; OR JON 2015/03/24
near5 (anneal$3 or bind$3 or USPAT; USOCR; 10:21
hybridi$6) near5 (polynucleotide §FPRS; EPO; JPO;
or oligonucleotide or dna or DERWENT;
nucleic).clm. IBM_TDB

file:///Cl/Users/nbhat1/Documents/e-Red%20Folder/14172694/EASTSearchHistory.14172694_Accessible Version.htm[3/26/2015 7:25:33 PM]
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EAST Search History

S6

4 and (reflex near3 sequence)
near5 (extend$3 or elongat$4)
near5 ("3" or "3 ").clm.

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT,;
IBM_TDB

OR

JON

2015/03/24

S7

S6 and amplif$5.cim.

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT,;
|IBM_TDB

OR

ON

2015/03/24

S6 and (amplif$5 or
replicat$4).cim.

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT,;
IBM_TDB

OR

ON

2015/03/24

3/26/2015 7:25:31 PM
C:\ Users\ nbhat1\ Documents\ EAST\ Workspaces\ 14172694-3-24-15.wsp
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FILED ELECTRONICALLY
PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unl?ss oorrfecled below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

93726 . . 7590. 04/ 1,4/ 2015 I hereby certify that this Fee(s) Transmittal is being deposited with the United
EPA - Bozicevic Field & Francis LLP States Postal Service with sufficient postage for first class mail in an anclope
: - T . addressed to the Mail Stop ISSUE FEE address above, or being facsimile
BOZIC@VI?’ Fl?ld & Francis transmitted to the USPTO (571) 273-2885, on the date indicated below.
1900 University Ave —
Suite 200 (Brepostiorsmme)
East Palo Alto, CA 94303 €5 y
(MDate)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/172,694 02/04/2014 SYDNEY BRENNER CGLC-020CON4 2029
TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID REARRANGEMENT
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 07/14/2015
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
BHAT, NARAYAN KAMESHWAR 1634 435-006100
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1_James S. Keddie
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively, . . . .
Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member a 2 Bozicevic, Field & Francis, LLP
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assilgnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Population Genetics Technologies LTD. Cambridge, United Kingdom
Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
X1 publication Fee (No small entity discount permitted) a Payment by credit card. KorrnBTOx3R K dexarackodx
[ Advance Order - # of Copies E The director is hereby authorized to charge the requijred fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number 5()-( )% 15 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

a Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

a Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

a Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CER 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /James S. Keddie: Reg No. 489920/ Date JlllV 6, 2015
Typed or printed name __ James S. Keddie Registration No. 48,920
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

10x Genomics, Inc. Exhibit 2009

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00958

Page 00183



Electronic Patent Application Fee Transmittal

Application Number:

14172694

Filing Date:

04-Feb-2014

Title of Invention:

COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID

REARRANGEMENT

First Named Inventor/Applicant Name:

SYDNEY BRENNER

Filer:

James Samuel Keddie/Tiffany Turner

Attorney Docket Number:

CGLC-020CON4

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sug:;(t:)l in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Suﬁ;l’;(tsa)l in
Utility Appl Issue Fee 2501 1 480 480
Publ. Fee- Early, Voluntary, or Normal 1504 1 0 0
Extension-of-Time:
Miscellaneous:
Total in USD ($) 480
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Electronic Acknowledgement Receipt

EFS ID: 22827804
Application Number: 14172694
International Application Number:
Confirmation Number: 2029

Title of Invention:

COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID

REARRANGEMENT

First Named Inventor/Applicant Name:

SYDNEY BRENNER

Customer Number:

93726

Filer:

James Samuel Keddie

Filer Authorized By:

Attorney Docket Number: CGLC-020CON4
Receipt Date: 06-JUL-2015
Filing Date: 04-FEB-2014
Time Stamp: 16:33:28

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $480

RAM confirmation Number 3387

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document _—n . File Size(Bytes)/ Multi Pages
Document Description File Name i . .
Number Message Digest | Part/.zip| (ifappl.)
CGLC-020CON4_| Fee T 202909
1 Issue Fee Payment (PTO-85B) X —ssue_ree_lra no 1
nsmittal.pdf
d252d1c866762d4619a9714b6ef396<771¢]
cbéec
Warnings:
Information:
32261
2 Fee Worksheet (SB06) fee-info.pdf no 2
d2b385f1b94820ace205a9e0f73027229a4:
a634
Warnings:
Information:
Total Files Size (in bytes):I 235170

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW. .“SP[O. gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/172,694 08/11/2015 9102980 CGLC-020CON4 2029
93726 7590 07/22/2015

EPA - Bozicevic Field & Francis LLP
Bozicevic, Field & Francis

1900 University Ave

Suite 200

East Palo Alto, CA 94303

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Population Genetics Technologies LTD, CAMBRIDGE, UNITED KINGDOM;
SYDNEY BRENNER, Ely, UNITED KINGDOM;

GI MIKAWA, Great Shelford, UNITED KINGDOM;

ROBERT OSBORNE, Great Chesterford, UNITED KINGDOM,;

ANDREW SLATTER, London, UNITED KINGDOM;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)

10x Genomics, Inc. Exhibit 2009

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00958

Page 00188



Filed Electronically

Attorney Docket CGLC-020CON4
CHANGE OF First Named I t B Syd
irst Named Inventor renner, ne
CORRESPONDENCE — St
ADDRESS Application Number 14/172,694

Confirmation No. 2029

Filing Date February 4, 2014

Group Art Unit 1634
Address to: Examiner Name BHAT, NARAYAN KAMESHWAR
Commissioner for Patents
P.O. Box 1450 Title:  “Compositions and Methods for Intramolecular
Alexandria, VA 22313-1450 Nucleic Acid Rearrangement”

Please change the Correspondence Address for the above-identified application to:

The address associated with Customer Number 43850

Firm Name Morgan, Lewis & Bockius LLP

Individual Name

Address One Market, Spear Street Tower

City, State, Zip San Francisco, California 94105

Country US.A.

Telephone (415) 442-1000 Facsimile | (415) 442-1001

SIGNATURE OF ATTORNEY/AGENT OF RECORD

Name/Reg. No. James S. Keddie, 48,920

Signature /James S. Keddie, Reg. No. 48,920/

Date | 07-27-2016
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Electronic Acknowledgement Receipt

EFS ID: 26472418
Application Number: 14172694
International Application Number:
Confirmation Number: 2029

Title of Invention:

COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID
REARRANGEMENT

First Named Inventor/Applicant Name:

SYDNEY BRENNER

Customer Number:

93726

Filer:

James Samuel Keddie

Filer Authorized By:

Attorney Docket Number:

CGLC-020CON4

Receipt Date: 27-JUL-2016
Filing Date: 04-FEB-2014
Time Stamp: 19:27:07

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B){tes)/ Multl. .Pages
Number Message Digest | Part/.zip| (ifappl.)
20715
1 Change of Address ChCG LC_O(:ZOCON4_df no 1
ange_ Orresp.p Sbf3c45472c0d 30f6ac89d20854e825c0679

2dc3

Warnings:
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Information:

Total Files Size (in bytes){ 20715

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EOQ/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTOIAABE {07-12}

Appraved for use through 1173072014, OMB (3651-0035

UG, Patent and Trademark Office; U.8 BEPARTMENT OF COMMERCE

Under the Papervork Reduction Act of 1685, no persons are required to respond (o a collection of information unigss it displays a valid OMB control number,

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73(c).

| hereby appoint:

Practitioners associated with Customer Number: 438 50
OR

D Practitioner{s} named below {if more than ten patenti practitioners are to be named, then a customer number must be used):

Name Registration Name Registration
Number Number

attached to this form in accordance with 37 CFR 3.73(c).

As attorney{s) or agent(s) o represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned gnly to the undersigned according to the USPTO assignment records or assignments documents

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to:

[il The address assoclated with Customer Number: 43850
OR

Firm or
Individual Name

Address

City State Zip

Country

Telephone Email

Assignee Name and Address: 10X Genomics, Inc.

7068 Koll Center Parkway, Suite 401
Pleasanton, CA 94566

A copy of this form, together with a statement under 37 CFR 3.73(¢) (Form PTO/AIA/96 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3,73(c) may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed,

SIGNATURE of Assignee of Record
@ individual whose sigifature and tije is sdpplied below is authorized to act on behalf of the assignee
The individual G sig d""}gd'dbl i horized ton behalf of th i

Signature : /:{/j ‘éfé\ "7\W bate ;%// / ;’?//2'?/‘5

Name Matthew Murphy ) Telephone (975) 401-7495
Title Vice President, General Counsel

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required 1o obtain or retain a benefil by the public which is 1o file {and

by the USPTO to process) an application. Confidentiality is governad by 35 U.8.C. 122 and 37 CFR 1.11 and 1,14, This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any

commenls on the amount of fime you require 1o complele this form andfor suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.8. Patent and Trademark Office, .8, Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450,

If you need assistance in compleling the form, call 1-800-PTO-9199 and setect option 2,
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Electronic Acknowledgement Receipt

EFS ID: 28637899
Application Number: 14172694
International Application Number:
Confirmation Number: 2029

Title of Invention:

COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID
REARRANGEMENT

First Named Inventor/Applicant Name:

SYDNEY BRENNER

Customer Number:

43850

Filer:

Gargi Talukder/s Gloss

Filer Authorized By:

Gargi Talukder

Attorney Docket Number:

104371-5016-US04

Receipt Date: 15-MAR-2017
Filing Date: 04-FEB-2014
Time Stamp: 19:52:03

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
214152
1 US04_POA.pdf yes 2
187c58294fd944965eb57e477e1f2cdf8389)
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Multipart Description/PDF files in .zip description
Document Description Start End
Assignee showing of ownership per 37 CFR 3.73 1 1
Power of Attorney 2 2
Warnings:
Information:
Total Files Size (in bytes):| 214152

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/96 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coliection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)
Applicant/Patent Owner: 10X GENOMICS, INC.

Application No./Patent No.: 9,102,980 Filed/lssue Date: August 11, 2015
Titled:
e COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID REARRANGEMENT
10X GENOMICS, INC. _a corporation
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:

1. the assignee of the entire right, title, and interest in;

2. E] an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)

the patent application/patent identified above, by virtue of either:

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 039162 , Frame 0347 , or for which a
copy therefore is attached.

OR
B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame ., or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame ., or for which a copy thereof is attached.
3. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheel(s).

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The ungersigned (who?title is supplied below) is authorized to act on behalf of the assignee.

A4 L) adude b 5//6///?
Sign@'re 7 pae

Gargi Talukder Attorney of record
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.1t and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/172,694 02/04/2014 SYDNEY BRENNER 104371-5016-US04

CONFIRMATION NO. 2029

43850 POA ACCEPTANCE LETTER

MORGAN, LEWIS & BOCKIUS LLP (SF)

One Market, Spear Street Tower, Suite 2800 R A AL e

San Francisco, CA 94105 000500

Date Mailed: 03/23/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/15/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/cvorachack/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |

14/172,694 02/04/2014 SYDNEY BRENNER 104371-5016-US04

CONFIRMATION NO. 2029

43850 POWER OF ATTORNEY NOTICE
MORGAN, LEWIS & BOCKIUS LLP (SF)
One Market, Spear Street Tower, Suite 2800 0 000 O
San Francisco, CA 94105 00005007

Date Mailed: 03/23/2017

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/15/2017.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/cvorachack/
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PTO/SB/123 (04-15)
Approved for use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
Patent Number
( 9,102,980 \
CHANGE OF

| Dat
CORRESPONDENCE ADDRESS | = °° August 11, 2016
Patent Application Number \14/172 694
Address to: Fling Date February 4, 2014

Mail Stop Post Issue First Named Inventor

Commissioner for Patents S‘yd 4] ey E RE N N E R

P.O. Box 1450

KAIexandria, VA 22313-1450 Qﬁﬁ: Eg?’ Docket 104371-5016-LiS04 /

Please change the Correspondence Address for the above-identified patent to:

The address associated with Customer Number: ’E 5@83@

OR

“ Firm or
k.. Individual Name

Address

City State ZIP
Country

Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the data associated with an
existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address" use the "Fee
Address Indication Form" (PTO/SB/47).

| am the:

Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

Attorney or agent of record. Registration Number 81 ,368
Signature /Gargi Talukder/
pyeed o Gargi Talukder
Date August 10, 2018 Telephone 415.442.1000

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms
if more than one signature is required, see below*.

Ej *Total of forms are submitted.

This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop Post Issue, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Electronic Acknowledgement Receipt
EFS ID: 33437748
Application Number: 14172694
International Application Number:
Confirmation Number: 2029
Title of Invention: COMPOSITIONS AND METHODS FOR INTRAMOLECULAR NUCLEIC ACID
REARRANGEMENT
First Named Inventor/Applicant Name: SYDNEY BRENNER
Customer Number: 43850
Filer: Gargi Talukder/Sheila Gloss
Filer Authorized By: Gargi Talukder
Attorney Docket Number: 104371-5016-US04
Receipt Date: 10-AUG-2018
Filing Date: 04-FEB-2014
Time Stamp: 17:18:38
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no
File Listing:
62791
1 Change of Address 104371-5016-US04_Corr.pdf no 1
A304e897clan773d7 200 Ol
Warnings:
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Information:

Total Files Size (in bytes){ 62791

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EOQ/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

I APPLICATION NUMBER | FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

14/172,694 02/04/2014 SYDNEY BRENNER 104371-5016-US04 177471

Acknowledgement of Loss of Entitlement to Entity Status Discount
The entity status change request below filed through Private PAIR on 11/08/2022 has been accepted.

CERTIFICATIONS:
Change of Entity Status:

X Applicant changing to regular undiscounted fee status.

NOTE: Checking this box will be taken to be notification of loss of entitlement to small or micro entity status, as
applicable.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Zara Doddridge/
Name: Zara Doddridge
|Registrati0n Number: 59098
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