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INCREASING CONFIDENCE OF ALLELE
CALLS WITH MOLECULAR COUNTING

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Application Ser. No. 61/385,001, filed on Sep. 21,
2010, and U.S. Provisional Application Ser. No. 61/432,119,
filed on Jan. 12, 2011, both of which are incorporated herein
by reference in their entirety.

BACKGROUND

[0002] Genotyping is an important technique in genetic
research for mapping a genome and localizing genes that are
linked to inherited characteristics (e.g., genetic diseases). The
genotype of a subject generally includes determining alleles
for one or more genomic locus based on sequencing data
obtained from the subject’s DNA. Diploid genomes (e.g.,
human genomes) may be classified as, for example, homozy-
gous or heterozygous at a genomic locus depending on the
number of different alleles they possess for that locus, where
heterozygous individuals have two different alleles for alocus
and homozygous individuals have two copies of the same
allele for the locus. The proper genotyping of samples is
crucial when studies are done in the large populations needed
to relate genotype to phenotype with high statistical confi-
dence.

[0003] In genotyping analysis of diploid genomes by
sequencing, the coverage (number of sequencing reads) for a
particular genomic locus is used to establish the confidence of
an allele call. However, confidence in allele calling is signifi-
cantly reduced when bias is introduced during sample prepa-
ration, e.g., when the starting sample is in limiting amounts
and/or when one or more amplification reactions are
employed to prepare the sample for sequencing. Thus, in
samples having limited amounts of DNA, one may see high
coverage (i.e., a high number of sequencing reads) for an
allele on one chromosome over the allele on a different chro-
mosome due to amplification bias (e.g., amplification from
only a few, or even one, polynucleotide molecule). In this
case, coverage alone may be misleading when measuring
confidence in an allele call.

[0004] The present invention finds use in increasing the
confidence in allele calling as well as in other applications
based on nucleic acid sequence analysis, especially in the
context of studying genotypes in a large population of
samples.

SUMMARY OF THE INVENTION

[0005] Aspects of the present invention include methods
and compositions for determining the number of individual
polynucleotide molecules originating from the same genomic
region of the same original sample that have been sequenced
in a particular sequence analysis configuration or process. In
these aspects of the invention, a degenerate base region
(DBR) is attached to the starting polynucleotide molecules
that are subsequently sequenced (e.g., after certain process
steps are performed, e.g., amplification and/or enrichment).
The number of different DBR sequences present in a sequenc-
ing run can be used to determine/estimate the number of
individual polynucleotide molecules originating from the
same genomic region of the same original sample that have
been sequenced in a particular sequence analysis configura-
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tion or process. DBRs can be used to improve the analysis of
many different nucleic acid sequencing applications. For
example, DBRs enable the determination of a statistical value
for an allele call in genotyping assays that cannot be derived
from the read number alone.

[0006] In certain embodiments, aspects of the subject
invention are drawn to methods of determining the number of
starting polynucleotide molecules sequenced from multiple
different samples. In certain embodiments, the method
includes: (1) attaching an adapter to starting polynucleotide
molecules in multiple different samples, where the adapter
for each sample includes: a unique MID specific for the
sample; and a degenerate base region (DBR) (e.g., a DBR
with at least one nucleotide base selected from: R,Y, S, W, K,
M, B, D, H, V, N, and modified versions thereof); (2) pooling
the multiple different adapter-attached samples to generate a
pooled sample; (3) amplifying the adapter-attached poly-
nucleotides in the pooled sample; (4) sequencing a plurality
of'the amplified adapter-attached polynucleotides, where the
sequence of the MID, the DBR and at least a portion of the
polynucleotide is obtained for each of the plurality of adapter-
attached polynucleotides; and (5) determining the number of
distinct DBR sequences present in the plurality of sequenced
adapter-attached polynucleotides from each sample to deter-
mine or estimate the number of starting polynucleotides from
each sample that were sequenced in the sequencing step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is best understood from the following
detailed description when read in conjunction with the
accompanying drawings. Included in the drawings are the
following figures:

[0008] FIG. 1 shows the allele ratio for each MID in
samples prepared from the indicated amount of starting mate-
rial (top of each panel; in nanograms).

[0009] FIG. 2 shows the fraction of DBR sequences for
each MID associated with each allele at a synthetic polymor-
phic position. Samples were prepared from the indicated
amount of starting material (top of each panel; in nanograms).
[0010] FIG. 3 shows the products produced in the first two
cycles of PCR using primers having DBR sequences.

DEFINITIONS

[0011] Unless otherwise defined, all technical and scien-
tific 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.

[0012] Terms and symbols of nucleic acid chemistry, bio-
chemistry, genetics, and molecular biology used herein fol-
low those of standard treatises and texts in the field, e.g.
Kornberg and Baker, DNA Replication, Second Edition
(W.H. Freeman, New York, 1992); L.ehninger, Biochemistry,
Second Edition (Worth Publishers, New York, 1975); Stra-
chan and Read, Human Molecular Genetics, Second Edition
(Wiley-Liss, New York, 1999); Eckstein, editor, Oligonucle-
otides and Analogs: A Practical Approach (Oxford University
Press, New York, 1991); Gait, editor, Oligonucleotide Syn-
thesis: A Practical Approach (IRL Press, Oxford, 1984); and
the like.

[0013] “Amplicon” means the product of a polynucleotide
amplification reaction. That is, it is a population of polynucle-
otides, usually double stranded, that are replicated from one
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or more starting sequences. The one or more starting
sequences may be one or more copies of the same sequence,
or it may be a mixture of different sequences. Amplicons 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 ampli-
cons 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 oli-
gonucleotide ligations with a nucleic acid ligase. Such reac-
tions include, but are not limited to, polymerase chain reac-
tions (PCRs), linear polymerase reactions, nucleic acid
sequence-based amplification (NASBAs), rolling circle
amplifications, and the like, disclosed in the following refer-
ences that are incorporated herein by reference: Mullis et al,
U.S. Pat. Nos. 4,683,195; 4,965,188; 4,683,202; 4,800,159
(PCR); Gelfand et al, U.S. Pat. No. 5,210,015 (real-time PCR
with “TAQMAN™” probes); Wittwer et al, U.S. Pat. No.
6,174,670, Kacian etal, U.S. Pat. No. 5,399,491 (“NASBA”);
Lizardi, U.S. Pat. No. 5,854,033; Aono et 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” ampli-
fication 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 “amplitying” means performing an amplifi-
cation reaction. A “reaction mixture” means a solution con-
taining 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.

[0014] Theterm “assessing” includes any form of measure-
ment, and includes determining if an element is present or not.

2 < 2 < 2 <

The terms “determining”, “measuring”, “evaluating”, “esti-
mating”, “assessing” and “assaying” are used interchange-
ably and includes quantitative and qualitative determinations.
Assessing may be relative or absolute. “Assessing the pres-
ence of” includes determining the amount of something

present, and/or determining whether it is present or absent.

[0015] Polynucleotides that are “asymmetrically tagged”
have left and right adapter domains that are not identical. This
process is referred to generically as attaching adapters asym-
metrically or asymmetrically tagging a polynucleotide, e.g., a
polynucleotide fragment. Production of polynucleotides hav-
ing asymmetric adapter termini may be achieved in any con-
venient manner. Exemplary asymmetric adapters are
described in: U.S. Pat. Nos. 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 incorpo-
rated by reference herein in their entirety. In certain embodi-
ments, the asymmetric adapters employed are those described
in U.S. patent application Ser. No. 12/432,080, filed on Apr.
29, 2009, incorporated herein by reference in its entirety.

[0016] As one example, a user of the subject invention may
use an asymmetric adapter to tag polynucleotides. An “asym-
metric adapter” is one that, when ligated to both ends of a
double stranded nucleic acid fragment, will lead to the pro-
duction of primer extension or amplification products that
have non-identical sequences flanking the genomic insert of
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interest. The ligation is usually followed by subsequent pro-
cessing steps so as to generate the non-identical terminal
adapter sequences. For example, replication of an asymmet-
ric 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 asym-
metrically to polynucleotides (e.g., polynucleotide frag-
ments) 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 binding 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 attach-
ing an asymmetric adapter to a polynucleotide fragment ren-
der it immediately asymmetric. Rather, an asymmetric
adapter-attached polynucleotide, which has an identical
asymmetric adapter at each end, produces replication prod-
ucts (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).

[0017] Any convenient asymmetric adapter, or process for
attaching adapters asymmetrically, may be employed in prac-
ticing the present invention. Exemplary asymmetric adapters
are described in: U.S. Pat. Nos. 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 Apr. 29, 2009, incorporated herein by reference in its
entirety.

[0018] “Complementary” or “substantially complemen-
tary” refers to the hybridization or base pairing or the forma-
tion 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 binding site on a single stranded nucleic acid. Comple-
mentary 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
atleast 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, selec-
tive 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. Kanehisa Nucleic Acids Res.
12:203 (1984), incorporated herein by reference.

[0019] “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 interchange-
ably 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
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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 polynucleotides means that a pair of
nucleotides in the duplex fails to undergo Watson-Crick
bonding.

[0020] “Genetic locus,” “locus,” or “locus of interest” in
reference to a genome or target polynucleotide, means a con-
tiguous sub-region or segment of the genome or target poly-
nucleotide. 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 descrip-
tion of “reference sequence” below).

[0021] “Kit” refers to any delivery system for delivering
materials or reagents for carrying out a method of the inven-
tion. In the context of reaction assays, such delivery systems
include systems that allow for the storage, transport, or deliv-
ery of reaction reagents (e.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 (e.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 use in an
assay, while a second container contains probes.

[0022] “Ligation” means to form a covalent bond or linkage
between the termini of two or more nucleic acids, e.g. oligo-
nucleotides and/or polynucleotides. 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
variety of template-driven ligation reactions are described in
the following references, which are incorporated by refer-
ence: Whiteley et al, U.S. Pat. No. 4,883,750; Letsinger et al,
U.S. Pat. No. 5,476,930; Fung et al, U.S. Pat. No. 5,593,826;
Kool, U.S. Pat. No. 5,426,180; Landegren et al, U.S. Pat. No.
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.
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[0023] “Multiplex Identifier” (MID) as used herein refers
to a tag or combination of tags associated with a polynucle-
otide whose identity (e.g., the tag DNA sequence) 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 polynucle-
otides derived from different sources, (e.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 embodi-
ments, MIDs are employed to uniquely tag each 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 polynucle-
otide sample was derived; see, e.g., U.S. Pat. No. 7,537,897,
issued on May 26, 2009, incorporated herein by reference in
its entirety). MIDs are typically comprised of nucleotide
bases and can range in length from 2 to 100 nucleotide bases
or more and may include multiple subunits, where each dif-
ferent MID has a distinct identity and/or order of subunits.
Exemplary nucleic acid tags that find use as MIDs are
described in U.S. Pat. No. 7,544,473, issued on Jun. 6, 2009,
and titled “Nucleic Acid Analysis Using Sequence Tokens”,
as well as U.S. Pat. No. 7,393,665, issued on Jul. 1, 2008, and
titled “Methods and Compositions for Tagging and Identify-
ing 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 plu-
rality of samples need not have any particular common prop-
erty (e.g., Tm, length, base composition, etc.), 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
beused 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 variety of differ-
ent ways, e.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 imple-
mented in a variety of different ways to track polynucleotide
fragments during processing and analysis, and thus no limi-
tation in this regard is intended.

[0024] “Next-generation sequencing” (NGS) as used
herein refers to sequencing technologies that have the capac-
ity to sequence polynucleotides at speeds that were unprec-
edented using conventional sequencing methods (e.g., stan-
dard Sanger or Maxam-Gilbert sequencing methods). These
unprecedented speeds are achieved by performing and read-
ing out thousands to millions of sequencing reactions in par-
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allel. NGS sequencing platforms include, but are not limited
to, the following: Massively Parallel Signature Sequencing
(Lynx Therapeutics); 454 pyro-sequencing (454 Life Sci-
ences/Roche Diagnostics); solid-phase, reversible dye-termi-
nator sequencing (Solexa/Illumina); SOLiD technology (Ap-
plied Biosystems); lon semiconductor sequencing (lon
Torrent); and DNA nanoball sequencing (Complete Genom-
ics). Descriptions of certain NGS platforms can be found in
the following: Shendure, et al., “Next-generation DNA
sequencing,” Nature, 2008, vol. 26, No. 10, 1135-1145; Mar-
dis, “The impact of next-generation sequencing technology
on genetics,” Trends in Genetics, 2007, vol. 24, No. 3, pp.
133-141; Su, et al., “Next-generation sequencing and its
applications in molecular diagnostics” Expert Rev Mol
Diagn, 2011, 11(3):333-43; and Zhang et al., “The impact of
next-generation sequencing on genomics”, ] Genet Genom-
ics, 2011, 38(3):95-109.

[0025] “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 modi-
fied base moieties and/or modified sugar moieties, e.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 syn-
thetic nucleosides designed to enhance binding properties,
reduce complexity, increase specificity, and the like. Poly-
nucleotides comprising analogs with enhanced hybridization
ornuclease resistance properties are described in Uhlman and
Peyman (cited above); Crooke et al, Exp. Opin. Ther. Patents,
6: 855-870 (1996); Mesmaceker et al, Current Opinion in
Structual Biology, 5: 343-355 (1995); and the like. Exem-
plary types of polynucleotides that are capable of enhancing
duplex stability include oligonucleotide N3'—P5' phospho-
ramidates (referred to herein as “amidates”), peptide nucleic
acids (referred to herein as “PNAs”), oligo-2'-O-alkylribo-
nucleotides, polynucleotides containing C-5 propynylpyrim-
idines, locked nucleic acids (“LLNAs”), and like compounds.
Such oligonucleotides are either available commercially or
may be synthesized using methods described in the literature.

[0026] “Polymerase chain reaction,” or “PCR,” means a
reaction for the in vitro amplification of specific DNA
sequences by the simultaneous primer extension of comple-
mentary strands of DNA. In other words, PCR is a reaction for
making multiple copies or replicates of a target nucleic acid
flanked by primer binding sites, such reaction comprising one
or more repetitions of the following steps: (i) denaturing the
target nucleic acid, (ii) annealing primers to the primer bind-
ing sites, and (iii) extending the primers by a nucleic acid
polymerase in the presence of nucleoside triphosphates. Usu-
ally, the reaction is cycled through different temperatures
optimized for each step in a thermal cycler instrument. Par-
ticular 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 PCR using Taq DNA polymerase, a double
stranded target nucleic acid may be denatured at a tempera-
ture>90° C., primers annealed at a temperature in the range
50-75° C., and primers extended at a temperature in the range
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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 nanoliters, e.g. 2
nl, to a few hundred plL, 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 ampli-
fied, e.g. Tecottet al, U.S. Pat. No. 5,168,038, which patent is
incorporated herein 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 chemis-
tries used for monitoring the reaction product, e.g. Gelfand et
al, U.S. Pat. No. 5,210,015 (“TAQMANT™"); Wittwer et al,
U.S. Pat. Nos. 6,174,670 and 6,569,627 (intercalating dyes);
Tyagi et al, U.S. Pat. No. 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 gen-
erate a first amplicon, and “secondary primers” mean the one
or more primers used to generate a second, or nested, ampli-
con. “Multiplexed PCR” means a PCR wherein multiple tar-
get 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.

[0027] “Polynucleotide” or “oligonucleotide” is used inter-
changeably and each means a linear polymer of nucleotide
monomers. Monomers making up polynucleotides and oligo-
nucleotides 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 base
that can base pair with a first nucleotide base in a comple-
mentary nucleic acid strand but that, when employed as a
template strand for nucleic acid synthesis, leads to the incor-
poration of a second, different nucleotide base into the syn-
thesizing 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 pep-
tide nucleic acids (PNAs, e.g., as described in U.S. Pat. No.
5,539,082, incorporated herein by reference), locked nucleic
acids (LNAs, e.g., as described in U.S. Pat. No. 6,670,461,
incorporated herein by reference), phosphorothioate inter-
nucleosidic linkages, bases containing linking groups permit-
ting the attachment of labels, such as fluorophores, or hap-
tens, and the like. Whenever the use of an oligonucleotide or
polynucleotide requires enzymatic processing, such as exten-
sion 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
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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 oligonucle-
otide is represented by a sequence of letters (upper or lower
case), such as “ATGCCTG,” it will be understood that the
nucleotides are in 5'—=3' 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, 1999). Usually polynucle-
otides comprise the four natural nucleosides (e.g. deoxyad-
enosine, 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 oligo-
nucleotide or polynucleotide substrate requirements for
activity, e.g. single stranded DNA, RNA/DNA duplex, or the
like, then selection of appropriate composition for the oligo-
nucleotide or polynucleotide substrates is well within the
knowledge of one of ordinary skill, especially with guidance
from treatises, such as Sambrook et al, Molecular Cloning,
Second Edition (Cold Spring Harbor Laboratory, New York,
1989), and like references.

[0028] “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 its 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.

[0029] 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 tem-
plate, and complexes by hydrogen bonding or hybridization
with the template to give a primer/template complex for ini-
tiation 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 syn-
thesis.

[0030] A “primer pair” as used herein refers to first and
second primers having nucleic acid sequence suitable for
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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
afragment 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.

[0031] “Readout” means a parameter, or parameters, which
are measured and/or detected that can be converted to a num-
ber 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.

[0032] “Reflex site”, “reflex sequence” and equivalents are
used to indicate one or more sequences present in a poly-
nucleotide that are employed to move a domain intra-molecu-
larly from its initial location to a different location in the
polynucleotide. The use of reflex sequences is described in
detail in PCT application serial no. PCT/IB2010/02243
entitled “Compositions and Methods for Intramolecular
Nucleic Acid Rearrangement”, published on Feb. 24,2011 as
WO/2011/021102, and incorporated herein by reference. In
certain embodiments, a reflex sequence is chosen so as to be
distinct from other sequences in the polynucleotide (i.e., 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 pro-
cesses. The reflex sequence may be a synthetic or artificially
generated sequence (e.g., added to a polynucleotide in an
adapter domain) or a sequence present normally in a poly-
nucleotide being assayed (e.g., a sequence present within a
region of interest in a polynucleotide being assayed). In the
reflex system, a complement to the reflex sequence is present
(e.g., inserted in an adapter domain) on the same strand of the
polynucleotide as the reflex sequence (e.g., the same strand of
a double-stranded polynucleotide or on the same single
stranded polynucleotide), where the complement is placed in
aparticular location so as to facilitate an intramolecular bind-
ing and polymerization 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.

[0033] “Solid support”, “support”, and “solid phase sup-
port” are 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 sup-
port 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
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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.

[0034] “Specific” or “specificity” in reference to the bind-
ing 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 mol-
ecules, 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 sur-
faces or in cavities giving rise to specific recognition between
the molecules binding to each other. Examples of specific
binding include antibody-antigen interactions, enzyme-sub-
strate interactions, formation of 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 speci-
ficity or specific binding means two molecules are close
enough that weak noncovalent chemical interactions, such as
Van der Waal forces, hydrogen bonding, base-stacking inter-
actions, ionic and hydrophobic interactions, and the like,
dominate the interaction of the molecules.

[0035] Asused herein, the term “T,,” 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 dis-
sociated into single strands. Several equations for calculating
the T,, of nucleic acids are known in the art (see e.g., Ander-
son 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 struc-
tural and environmental, as well as sequence characteristics
into account for the calculation of T,,,.

[0036] “Sample” means a quantity of material from a bio-
logical, 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 ori-
gin. 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 includ-
ing, but not limited to cultures, blood, saliva, cerebral spinal
fluid, pleural fluid, milk, lymph, sputum, semen, needle aspi-
rates, 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.
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These examples are not to be construed as limiting the sample
types applicable to the present invention.

[0037] The terms “upstream” and “downstream” in
describing nucleic acid molecule orientation and/or polymer-
ization 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.e., the direction in which a nucleotide poly-
merase normally extends a sequence, and “upstream” gener-
ally 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).

[0038] 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 elements, or the use of a “nega-
tive” limitation.

DETAILED DESCRIPTION OF THE INVENTION

[0039] 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.
[0040] Where arange 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.

[0041] Unless defined otherwise, all technical and scien-
tific 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 simi-
lar 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 pub-
lications mentioned herein are incorporated herein by refer-
ence to disclose and describe the methods and/or materials in
connection with which the publications are cited. It is under-
stood that the present disclosure supersedes any disclosure of
an incorporated publication to the extent there is a contradic-
tion.

[0042] 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 equivalents thereof known to those skilled in the art, and
so forth.
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[0043] 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 ofthe 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) Biochem-
istry (4th Ed.) Freeman, New York, Gait, “Oligonucleotide
Synthesis: A Practical Approach” 1984, IRL Press, London,
Nelson and Cox (2000), Lehninger, A., Principles of Bio-
chemistry 3 BEd., WH. Freeman Pub., New York, N.Y. and
Berg et al. (2002) Biochemistry, 5" Ed., WH. Freeman Pub.,
New York, N.Y., all of which are herein incorporated in their
entirety by reference for all purposes.

[0044] 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 publi-
cation dates which may need to be independently confirmed.
[0045] Assummarized above, aspects of the present inven-
tion are drawn to the use of degenerate nucleotide bases (e.g.,
in a degenerate base region, or DBR) added to polynucle-
otides undergoing sequence analysis that find use in estab-
lishing the number of individual polynucleotide molecules
originating from the same genomic region of the same origi-
nal sample that have been sequenced in a particular sequence
analysis configuration or process. Including a DBR in poly-
nucleotides undergoing sequencing analysis finds use in a
variety of genetic analyses, including increasing the confi-
dence of allele calling by providing a mechanism to deter-
mine a statistical value for an allele call, a value that cannot be
derived from the read number alone. The DBR may be added
to a polynucleotide in any convenient manner, including as
part of an adapter (or pool of adapters) attached to the poly-
nucleotides being sequenced, e.g., the DBR can be in an
adapter that also includes a sequencing primer site, or the
DBR may be present in a nucleic acid synthesis primer, e.g.,
a PCR primer, such that the DBR is added to a target poly-
nucleotide when the primer is used in a polymerization reac-
tion.

[0046] DBRs also find use in performing genetic analyses
on pooled polynucleotide samples in which each polynucle-
otide in the pooled sample includes a MID specific for its
sample of origin (described in detail below). This allows a
user to determine the sequence coverage of a specific poly-
nucleotide species (or multiple species) from each of the
samples of origin that were combined to generate the pooled
sample. Thus, embodiments of the present invention include
sequence analysis of polynucleotides in a pooled sample,
where each polynucleotide contains a MID and a DBR.

Nucleic Acids

[0047] The present invention (as described in detail below)
can be employed for the manipulation and analysis of nucleic
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acid sequences of interest (or polynucleotides) from virtually
any nucleic acid source, including but not limited to genomic
DNA, complementary DNA (cDNA), RNA (e.g., messenger
RNA, ribosomal RNA, short interfering RNA, microRNA,
etc.), plasmid DNA, mitochondrial DNA, synthetic DNA, etc.
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 (e.g., reptiles,
mammals, insects, worms, fish, etc.), tissue samples, bacteria,
fungi (e.g., yeast), phage, viruses, cadaveric tissue, archaeo-
logical/ancient samples, etc. 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.

[0048] In certain embodiments, the nucleic acid sequences
are enriched. By enriched is meant that the nucleic acids (e.g.,
in a polynucleotide sample) are 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 adapter sequences encoding MID; MID are described in
further detail below).

[0049] Incertain 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 reac-
tion, whereas in certain other embodiments, the amplification
reaction is a linear amplification reaction. Any convenient
method for performing amplification reactions on a starting
nucleic acid sample can be used in practicing the subject
invention. In certain embodiments, the nucleic acid poly-
merase employed in the amplification reaction is a poly-
merase that has proofreading capability (e.g., phi29 DNA
Polymerase, Thermococcus litoralis DNA polymerase, Pyro-
coccus furiosus DNA polymerase, etc.).

[0050] 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, 50 or more
sources, 100 or more sources, 500 or more sources, 1000 or
more sources, 5000 or more sources, 10,000 or more sources,
25,000 or more sources, etc.
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[0051] Incertain embodiments, nucleic acid fragments that
are to be pooled with nucleic acid fragments derived from a
plurality of sources (e.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 include a multiplex identifier (MID) such that the
source from which each 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 Ser. No. 11/656,746, filed on
Jan. 22, 2007, and titled “Nucleic Acid Analysis Using
Sequence Tokens”, as well as U.S. Pat. No. 7,393,665, issued
on Jul. 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., T,,, length, base composi-
tion, 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.

Degenerate Base Region (DBR)

[0052] Aspects of the present invention include methods
and compositions for determining or estimating the number
of individual polynucleotide molecules originating from the
same genomic region of the same original sample that have
been sequenced in a particular sequence analysis configura-
tion or process. In these aspects of the invention, a degenerate
base region (DBR) is attached to the starting polynucleotide
molecules that are subsequently sequenced (e.g., after certain
process steps are performed, e.g., amplification and/or
enrichment, e.g., PCR). As detailed below, evaluating the
number (and in some cases, the combination) of different
DBR sequences present in a sequencing run allows the estab-
lishment of the number (or minimum number) of different
starting polynucleotides that have been sequenced for a par-
ticular polynucleotide (or region of interest; ROI). This num-
ber can be used, for example, to give a statistical measure of
confidence in allele calls, thus increasing the confidence in
making such allele determinations (e.g., when calling
homozygous alleles). DBRs also allow for the identification
of'potential sequencing or amplification errors that negatively
impact genetic analysis if undetected.

[0053] DNA sequencing typically includes a step of attach-
ing an adapter to the polynucleotides in a sample to be
sequenced, where the adaptor contains a sequencing primer
site (e.g., by ligation). As used herein, a “sequencing primer
site” is a region of a polynucleotide that is either identical to
or complementary to the sequence of a sequencing primer
(when in a single stranded form) or a double stranded region
formed between a sequencing primer sequence and its
complement. The specific orientation of a sequencing primer
site can be inferred by those of ordinary skill in the art from
the structural features of the specific polynucleotide contain-
ing the sequencing primer site.
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[0054] In addition to the sequencing primer site, a degen-
erate base region (DBR) is also attached to the polynucle-
otides, either as part of the adapter containing the sequencing
primer site or independently (e.g., in a second adapter
attached to the polynucleotide). Any convenient method for
attaching or adding a DBR to the polynucleotides may be
employed. A DBR is a region that can have a variable base
composition or sequence (which may be considered as “ran-
dom”™) as compared to other tagged polynucleotides in the
sample. The number of different DBRs in a population of
polynucleotides in a sample will be dependent on the number
of bases in the DBR as well as the potential number of dif-
ferent bases that can be present at each position. Thus, a
population of polynucleotides having attached DBRs with
two base positions, where each position can be any one of A,
C, G and T, will have potentially 16 different DBRs (AA, AC,
AG, etc.). DBR may thus include 1, 2,3, 4, 5, 6,7, 8,9, 10 or
more bases, including 15 or more, 20 or more, etc. In certain
embodiments the DBR is from 3 to 10 bases in length. More-
over, each position in a DBR may have a different base
composition. For example, a 4 base DBR may have any of the
following compositions: NNNN; NRSN; SWSW; BDHV
(see Table 1 below for IUPAC nucleotide code). It is further
noted that in certain embodiments, a base in a DBR may vary
by virtue of having a detectable modification or other moiety
attached thereto. For example, certain next generation
sequencing platforms (e.g., Pacific Biosciences™) can be
used to detect methylation differences in bases during the
sequencing process. As such, a non-methylated base in a
DBR could be distinguished from a methylated base in a
DBR. No limitation with regard to the length or base compo-
sition of a DBR is therefore intended.

TUPAC nucleotide code Base

>

Adenine
Cytosine
Guanine
Thymine (or Uracil)
AorG
CorT
GorC
AorT
GorT
AorC
CorGorT
AorGorT
AorCorT
AorCorG
any base
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)
g
=
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[0055] It is noted here that a DBR may be a single region
(i.e., having all nucleotide bases adjacent to one another) or
may be present in different locations on a polynucleotide (i.e.,
the bases of the DBR are separated by non-DBR sequences,
also called a split DBR). For example, a DBR may have one
or more bases in a first adapter at a first location on a poly-
nucleotide and one or more bases in a second adapter at a
second location on the same polynucleotide (e.g., the DBR
may have bases present at both ends of an asymmetrically
tagged polynucleotide, i.e., a polynucleotide having asym-
metric adapters). No limitation in this regard is intended.

[0056] DBRs may be designed to facilitate detecting errors
that occur in DBRs during amplification processes that are
carried out prior to sequence analysis and/or errors that occur
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in the sequencing reaction itself. In such embodiments, the
DBR sequences employed are designed such that an error in
aDBR sequence does not necessarily lead to the generation of
another possible DBR sequence (thereby resulting in incor-
rectly identifying replicons derived from the same template as
being from a different template due to a DBR mutation).
Consider, for example, the use of a DBR with sequence N. An
error in the N would turn one DBR into another, which might
lead us to overestimate the probability that we were correctly
assigning a genotype. Compare this to a DBR with sequence
Y. If we see an R at this position we know that there has been
an error. While the correct DBR cannot necessarily be
assigned to this error-containing DBR, we can detect that it is
due to an error (e.g., in sequencing or amplification).

[0057] In some embodiments, degenerate base sequences
may be used as combined MIDs-DBRs that can both (1)
assign sample identify and (2) trace/count molecules. Con-
sider, for example, two samples, one tagged with YYY and
the other tagged with RRR. In our sequencing reaction we
observe a MID-DBR with the sequence TAT, which fits nei-
ther of the combined MID-DBR sequence structure. One
mutation is required to convert YY'Y to TAT. Two mutations
are required to convert RRR to TAT. Therefore we would be
able to say that there is a higher probability that the MID-
DBR was YYY rather than RRR.

[0058] Description of exemplary error identifying (or error
correcting) sequences can be found throughout the literature
(e.g., in are described in US patent application publications
US2010/0323348, entitled “Method and compositions for
using error-detecting and/or error-correcting barcodes in
nucleic acid amplification process”, and US2009/0105959
entitled “System and method for identification of individual
samples from a multiplex mixture”, both incorporated herein
by reference).

[0059] In certain embodiments in which the DBR is present
within an adapter population that includes other functional
domains (e.g., sequencing primer site, MID, reflex sequence),
the functional domains in the adapter population will be iden-
tical to each other whereas the DBR will vary. In other words,
unlike the other domains in an adapter population, the DBR
has a variable (or random) base composition. By “adapter
population”, “population of adapters”, and the like, is meant
a sample of adapter molecules that are designed to be attached
to the polynucleotides in a sample.

[0060] Generating adapters having a DBR may be achieved
in any convenient mannet, e.g., using DNA synthesis methods
well known in the art (see citations in definitions section
above).

[0061] Once attached to the polynucleotides in the parent
sample, the polynucleotides may be subjected to further pro-
cessing and ultimately sequenced. Processing steps that may
be performed include any process steps that are desired by a
user, e.g., enrichment, amplification, and the like. In the
sequencing step, the sequence of the DBR as well as a portion
of'the polynucleotide (e.g., containing a region of interest) is
obtained. Once the sequences are obtained, the number of
different DBRs attached to a polynucleotide of interest is
determined. This number can be employed to determine, or
estimate, the number of different polynucleotides of interest
from the starting parent sample that are represented in the
sequencing results, where in some embodiments, the deter-
mined number is the minimum number of different poly-
nucleotides of interest from the starting parent sample that are
represented in the sequencing results.
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[0062] Consider, for example, a two base DBR having base
composition NN (where N is any deoxynucleotide base, i.e.,
A, G, C or T) employed in sequencing a locus to make an
allele call for a particular subject sample (i.e., whether a
subject is homozygous or heterozygous at the locus).
Although there may be some biases from oligonucleotide
synthesis, one can expect there to be 16 different DBRs in the
population of adaptors with roughly equal probability (as
described above). When a potential homozygous allele call is
identified, determining the number of DBRs present in the
sequencing run can be used to determine/estimate the number
(or minimum number) of polynucleotide molecules that were
actually sequenced (and thus the number that were amplified
during the processing steps).

[0063] For diploid genomes, allele calling (in the ideal or
theoretical case) can be modeled by the binomial distribution.
Given that the two alleles copies (X and Y) differ at some site,
the probability of observing all Xs or all Ys is given by the
formula (V2)°, where c is the number of observations (reads)
of'the site. If we observe X ten times at a site (and no'Y), we
can say that the sample is likely to be homozygous for type X.
The probability of an error in this call is therefore (¥4)'° (just
under one in a thousand).

[0064] Our experiments show that low amounts of DNA in
the early stage of sample preparation can result in a high
coverage of reads all corresponding to one allele, and that this
can occur many more times than should be expected accord-
ing to the binomial distribution. This is due to amplification of
a few molecules of DNA (or even a single molecule) that
results in a large number of reads derived from a genetic locus
on a single chromosome (i.e., only one of the two diploid
chromosomes actually present in the sample of interest). The
result ofthis is that the error as a function of coverage deviates
wildly from the predicted binomial error.

[0065] Using a DBR as described herein will increase the
confidence in making allele calls from samples having lim-
ited amounts of DNA. For example, if 16 sequencing reads of
one allele from a genetic locus all contain the DBR sequence
GA, then it is likely that all these reads are from the same
parent polynucleotide molecule (and thus a homozygous
allele call is not justified). However, if the 16 sequencing
reads each have a different DBR sequence, ahomozygous call
can be made with more confidence, as each read came from a
different parent polynucleotide molecule.

[0066] It is noted here that in many embodiments, it is not
possible to conclude that polynucleotides having identical
DBR sequences are derived from the same parent polynucle-
otide molecule, as multiple identical DBRs may be present in
the DBR-attached polynucleotides. For example, if an
adapter population that contains a DBR oftwo N bases is used
to tag a sample containing more that 16 polynucleotides, a
subset of the tagged polynucleotides will have identical
DBRs, and thus it will not be possible to determine that their
sequences were derived from different parent polynucleotide
molecules.

[0067] One exemplary way to determine more accurately
the actual number of starting or parent molecules would be to
increase the degeneracy of DBRs (i.e., to increase the number
of unique sequences in the DBR used to label the particular
sample of interest) so that every single molecule is likely to
have a different DBR. In any event we can, in exemplary
methods, either use the number of observed DBRs or else the
probability distribution of the expected number of reads
likely to produce the observed number of DBRs.
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[0068] When calculating estimates of whether a particular
allele call is a heterozygote or homozygote, one can create/
employ an appropriate function L(r,v) that returns the likeli-
hood of a genotype given r reference and v variant reads.
When employing DBRs as described herein, a modified func-
tion for calculating estimates L(r', v') may be used, where r' is
the number of unique DBRs for the reference read and v' is the
number of unique DBRs for the variant read. Any convenient
function for making allele calls may be employed and modi-
fied to employ data regarding DBR reads as described herein.
[0069] It is noted here that aspects of the invention can be
used to increase the confidence in calling copy number varia-
tions in a polynucleotide sample, e.g., a genomic sample.
Copy number variations can include genomic rearrangements
such as deletions, duplications, inversions, and translocations
or whole chromosome aneuploidies such as monosomies,
disomies, trisomies, tetrasomies, and pentasomies. Consider,
for example, a duplication event where parents have geno-
types AC and CC at a given SNP, and the proband has geno-
type ACC. In the parent with genotype AC, given sufficient
depth of sequencing coverage (i.e., sufficient sequencing
reads), the number of DBRs associated with the C-allele and
the A-allele are expected to be similar. In the proband, given
sufficient depth of sequencing coverage, the number of DBRs
associated with the C-allele is expected to be 2-times the
number of DBRs associated with the A-allele, which provides
evidence for duplication event encompassing the C-allele.
Theuse of DBRs, rather than the number of sequencing reads,
provides more confidence in calling a copy number variation
since the DBR can be used to identify reads that derive from
different polynucleotide molecules.

Exemplary Applications of DBRs

[0070] As detailed above, DBRs permit the statistical vali-
dation of sequence variants in a heterogeneous sample,
including complex genomes or pools. For example, DBRs
find use in the analysis of complex genomes in tumor
samples, microbial samples, environmental samples, etc.
[0071] Below is provided exemplary statistical methods
and exemplary applications of DBRs. The descriptions below
are meant for exemplary purposes only and are not intended
to limit the scope of employing DBRs in polynucleotide
analyses.

Statistical Methods

[0072] As described above, in aspects of the present inven-
tion degenerate base runs (DBRs) are used to estimate, or get
a quantitative measure of, the actual number of template
molecules sequenced or analyzed in a given process. Two
reads can have the same DBR either because the reads origi-
nate from the same template molecule or because the mol-
ecules received the same DBR by chance. The potential num-
ber of distinct template molecules sequenced ranges from the
number of DBRs to the number of reads. The distribution of
DBRs from a number of starting molecules is given by the
occupancy distribution [see C. A. Charalambides and C. A.
Charalambides. Combinatorial methods in discrete distribu-
tions. John Wiley and Sons, 2005]. Given an observed num-
ber of DBRs, the likely number of starting molecules can be
calculated using maximum likelihood estimation, or other
suitable techniques. Alternatively, for each DBR, the most
likely template molecule can be estimated using the consen-
sus sequence of all the reads with that particular DBR. The
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approaches can be combined to generate accurate estimates
of'the number of template molecules associated with particu-
lar variants.

DBRs in PCR Amplification

[0073] DBRscanbeused to estimate or get a measure of the
number of starting molecules used as templates for a PCR
reaction. For example, a starting polynucleotide sample may
be PCR-amplified for the first cycle, or first few cycles, using
a PCR primer pair in which one (or both) primers include a
generic primer sequence and a DBR 5' to the target specific
sequence. After the initial cycle(s), this DBR-containing PCR
primer pair may be removed or inactivated and replaced with
PCR primers that do nothave a DBR for the remaining cycles.
The removal/inactivation of DBR-containing primers may be
accomplished in any convenient manner, e.g., by physical or
biochemical means. For example, DBR-containing primers
may have attached thereto a first member of a binding pair
(e.g., biotin), thereby facilitating removal of these primers by
contacting the sample to the binding partner attached to a
solid support (e.g., solid support-bound streptavidin) and col-
lecting the non-bound fraction. Alternatively, free DBR-con-
taining primers may be removed by treating the sample with
a single-strand specific exonuclease (e.g., exonuclease I), by
rendering the primers incapable of participating in further
primer extension steps (e.g., by incorporating a dideoxy-
nucleotide at the 3' end), or by a Solid Phase Reversible
Immobilization (SPR1) process (e.g., Agencourt AMPure
XP—PCR Purification, Beckman Coulter). The second PCR
primers are designed to comprise sequences present on the 5'
end of each of the first set of primers so as to replicate the
DBR in templates generated from the DBR-containing PCR
primers used in the first/first few cycles. Thus, the remaining
cycles of PCR will amplify only the products of the first/first
few cycles which contain DBRs. In another embodiment, the
DBR-containing primers may be designed to have a higher
Tm than the second set of primers not containing the DBR
(i.e., the Tm of the target-specific sequence of the first PCR
primers is higher than that of the second PCR primers specific
for the 5' generic primer sequences). In this exemplary sce-
nario, the DBR-containing primers may be present in limiting
amounts and the first/first few cycles of the PCR be carried out
at the higher Tm such that only the DBR-containing primers
anneal and participate in nucleic acid synthesis. Because the
DBR-containing primers are present in limiting amounts,
they will be used up in the first/first few PCR cycles. Perform-
ing the remaining PCR cycles at a lower Tm will allow further
amplification by the second set of PCR primers which do not
include DBRs but that will replicate the DBRs from products
of' the first/first few cycles (as described above).

[0074] It is noted that there are many different combina-
tions of PCR primers and amplification conditions that may
be employed to accomplish the DBR PCR amplification
described above. For example, such reactions may include 3
primers, where primer 1 (forward primer specific for the
target polynucleotide and containing a DBR and 5' generic
priming sequence) and primer 2 (reverse primer specific for
the target polynucleotide and without a DBR) are used to
amplify the target in the first/first few cycles, and primer 3
(forward primer specific for the 5' generic priming sequence
of primer 1) and primer 2 are used for the remaining cycles.
[0075] It is further noted that tagging both ends of a PCR
product with a DBR (i.e., where both primers used in the
first/first few cycles include a DBR) may provide for
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increased confidence in estimating the number of starting
polynucleotides amplified. It is noted that if greater than 2
cycles of PCR are used to attach DBRs, then it is necessary to
take additional precautions during analysis of the data when
using DBRs to trace the initial template (or starting) molecule
from which products were amplified. This is due to the pos-
sibility that in the 3rd cycle of PCR, a PCR primer having a
DBR can bind over an existing DBR site in a previously
generated PCR product, thereby introducing a new DBR
sequence. As outlined below, theoretical analysis of the first
three cycles of PCR shows that it is possible to trace the
lineage of a molecule. It is noted that the analysis below could
theoretically be used for any number of PCR cycles for add-
ing DBR sequences, although the depth of sequencing would
have to be sufficient.

[0076] The method described below allows one to group
sequence reads after >1 cycle of DBR addition using DBR-
containing PCR primers. Table 1 shows each of the PCR
products generated in each of three PCR cycles from a single
double-stranded template (the template having top strand A
and bottom strand B, as noted in Cycle 0 of FIG. 3). In Table
1, each strand present in each cycle (denoted as letters A to P)
are shown along with its respective template strand (i.e., the
strand that served as the template during the synthesis of the
indicated strand), and the 5' DBR and the 3' DBR present on
the strand, if any (indicated as numbers 1 to 14). By “5' DBR”
is meant a DBR sequence as it was incorporated as part of a
PCR primer. By “3' DBR” is meant a complement sequence
of a §' DBR sequence (i.e., generated as a result of primer
extension across an existing 5'DBR sequence). Incycle 3, one
can see that DBR-overwriting may occur (indicated in the
right-most column; see, e.g., strands K and N produced in
cycle 3).

TABLE I

DBR Tagging in cycles 0 to 3 of a PCR reaction for
a single double stranded template (A and B).

5 3 Template
Cycle Strand DBR# DBR# strand DBR Overwriting
Cycle 0 A — — —
B _ _ _
Cycle 1 A — — —
B _ _ _
C 1 — A
D 2 — B
Cycle 2 A — — —
B _ _ _
C 1 — A
D 2 — B
E 3 — A
F 4 1 C
G 5 2 D
H 6 — B
Cycle 3 A — — —
B _ _ _
C 1 — A
D 2 — B
E 3 — A
F 4 1 C
G 5 2 D
H 6 — B
I 7 — A
I 8 3 E
K 9 4 F overwriting of DBR
1 with DBR 9
10 1 C
M 11 2 D
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TABLE I-continued

DBR Tagging in cycles 0 to 3 of a PCR reaction for
a single double stranded template (A and B).

5 3 Template
Cycle Strand DBR# DBR# strand DBR Overwriting
N 12 5 G overwriting of DBR
2 with DBR 12
o 13 6 H
P 14 — B

[0077] TableI above and FIG. 3 show the strands that have
accumulated during the entire PCR process. (Note the carry-
over of strands A and B from Cycle 0 to Cycles 1, 2, and 3; the
carry-over of strands C and D in Cycle 1 to Cycles 2 and 3;
etc.).

[0078] Given sufficient sequencing depth, DBRs can be
used to trace back the originating molecule even if DBR
over-writing has occurred. For example, strand K has 5' DBR
#9 and 3' DBR #4. DBR #4 is shared with strand F, which has
5'DBR #4 and 3' DBR #1. DBR #1 is shared with strand C.
Therefore strands K and F originally derive from strand C.
Similarly, strand N has 5' DBR #12 and 3' DBR #5. DBR #5
is shared with strand G, which has 5' DBR #5 and 3' DBR #2.
DBR #2 is shared with strand D. Therefore strands N and G
originally derive from strand D.

[0079] As discussed above, DBR-containing PCR primers
are removed after the first few cycles (e.g., after completion of
Cycle 3 as shown in Table I).

[0080] FIG. 3 shows a schematic for the first 2 cycles of
PCR for a single double stranded template as shown in Table
1. At cycle 0, only the double-stranded template strands are
present, i.e., top strand A and bottom strand B. Note that the
direction of the arrows on each strand in FIG. 3 indicates the
5'to 3' direction. In the first PCR cycle (cycle 1), 2 products
are produced by the PCR primer pair (both members of the
primer pair including a DBR sequence), the first (C) having
DBR #1 (“1” as shown in the figure) and the second (D)
having DBR2 (“2” as shown in the figure). In the second cycle
of PCR (cycle 2), the four templates (A, B, C and D) produce
4 products (E, F, G and H), each having a subsequent DBR
attached (DBRs #3, #4, #5 and #6, respectively). Note that the
products generated from templates C and D (F and G) now
have DBRs at both ends. Cycle 3 (not shown in FIG. 3) then
uses the 8 templates from cycle 2 to produce 8 products, each
having additional DBRs attached (see products shown in
Table I). Cycle 3 is the first cycle in which DBR over-over-
writing can occur (i.e., priming and extension of templates F
and G with subsequent DBR-labeled PCR primers will over-
write DBR #1 and DBR #2; these are shown in Table I as
strands K and N).

[0081] In analyzing DBRs of polynucleotides in which
DBR overwriting is possible, the reads are grouped according
to the 5'and 3' DBR sequences and the lineage of the parental
molecule is traced.

[0082] As is clear from the description above, the DBR is
useful for (1) identification of PCR errors that arise during
early cycles and (2) accuracy of allele calling/copy number
determination. For error identification, it is clearly allowable
to group independent priming events. The accuracy of allele
calling calculations are slightly increased in complexity given
that priming events do not necessarily represent independent
starting molecules. However, it a reasonable assumption that
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priming events are equally likely on either allele, and thus this
analysis is useful for improving the accuracy of allele calling.
[0083] For very low initial template copies using multiple
cycles of DBR addition can be advantageous. For example, at
very low DNA concentrations one might not recover a suffi-
cient number of DBRs to give an accurate genotype using
standard approaches. Allowing multiple priming events on
the same template molecule can, in this case, give us sufficient
confidence to make an allele call by providing more data.
[0084] Analysis of the DBRs in the final amplification
products can be used to estimate the number of starting mol-
ecules amplified in the reaction. Such analysis will allow a
user to determine if the products of the PCR reaction repre-
sent the selective amplification of only a few (or even one)
starting polynucleotides and/or aid in the determination of
PCR errors that have occurred during amplification (e.g., as
described above).

DBRs in Heterogeneous Tumor Samples

[0085] DBRs also find use in assessing the heterogeneity of
chromosomal abnormalities in tumor samples, e.g., within a
single tumor or between different tumors in a subject. For
example, one or more tumor samples can be obtained from a
single tumor (e.g., at different locations within or around the
tumor) and/or from different tumors in a subject and analyzed
for genetic variation at one or more chromosomal locations.
In certain embodiments, the samples may be obtained from a
tumor (or subject) over time. Such variations can include
specific base changes, deletions, insertions, inversions, dupli-
cations, etc., as are known in the art. DBRs may be employed
to tag the polynucleotides in the tumor sample(s) prior to
identifying the specific genetic variations, thereby providing
a way to perform statistical analyses to validate any variants
identified. For example, statistical analysis can be used to
determine whether a detected variation represents a mutation
in a subset of cells of the tumor, is a variation that is specific
to a particular tumor in the subject, is a variation found in
non-tumor cells in the individual, or is an artifact of the
process by which the variant was identified (e.g., a PCR
artifact).

DBRs in Assessing Microbial Diversity

[0086] DBR analysis can also be used in determining the
genetic variation/diversity of a population of microbes/vi-
ruses in a single sample or between different samples (e.g.,
samples collected at different time points or from different
locations). For example, samples collected form an individual
over the course of an infection can be analyzed for genetic
variation during the infection process using DBRs as
described herein. However, no limitation on the type of
microbial/viral sample is intended, and as such the sample
can be from any source, e.g., from a subject with an infection,
from an environmental source (soil, water, plants, animals or
animal waste products, etc.), from a food source, or any other
sample for which determination of the genetic diversity of the
microorganisms in the sample, at one or more genetic locus or
region, is desired. In practicing the methods, polynucleotides
derived from the sample are labeled with DBRs as described
herein (either before or after an enrichment step) and pro-
cessed to identify genetic variations at one or more genetic
site or locus of interest. Analysis of DBRs can then be per-
formed to provide increased confidence in the determined
genetic diversity of the microbes in the sample at the locus/
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loci of interest. Such analysis can be performed on samples
collected from various sources and/or at various time points
from a source. Exemplary genetic loci that find use in assess-
ing microbial diversity include, but are not limited to, ribo-
somal RNA, e.g., 16S ribosomal RNA, antibiotic resistance
genes, metabolic enzyme genes, etc.

DBRs in Assessing the Levels of Different Polynucleotide
Species in a Sample

[0087] DBR analysis can also be used in assessing the
levels of different polynucleotide species in a sample. Spe-
cifically, because DBR analysis can determine (or estimate)
the number of parent polynucleotides in a sample, the relative
or quantitative amount of specific polynucleotide species and
the confidence in the determination of such species can be
assessed. For example, analysis of a cDNA sample using
DBRs can be employed to assess the relative or quantitative
levels of different cDNA species in the sample, thus providing
a way to determine their relative gene expression levels.

DBRs in Analyzing Pooled Samples

[0088] Another application of DBRs is in performing
genetic analyses on pooled polynucleotide samples in which
each polynucleotide in the pooled sample includes a MID
specific for its sample of origin (described in detail above).
This allows a user to determine the sequence coverage of a
specific polynucleotide species (or multiple species) from
each of the samples of origin that were combined to generate
the pooled sample. This provides a mechanism to make sure
that the polynucleotides from each starting sample in the
pooled sample are represented adequately. Thus, embodi-
ments of the present invention include sequence analysis of
polynucleotides in a pooled sample, where each polynucle-
otide contains a MID and a DBR. It is noted that in these
embodiments, the same DBR design may be used in conjunc-
tion with all parent samples/MIDs, as it is the combination of
MID/DBR that is used in the sample-specific sequence analy-
sis.

[0089] Pooled sample analyses using MIDs and DBRs
finds us in numerous genetic analyses, including making
allele calls, error correction of sequences, relative and quan-
titative gene expression analyses, and the like. It is noted that
in analyzing polynucleotides in a pooled sample according to
aspects of the present invention, it is important to maintain
both the MID and DBR domains in each step of the workflow
being employed, as loss of one or the other domain will
negatively impact the confidence in the results obtained.

[0090] It is further noted that the use of MID and DBR
domains in genetic analysis is especially powerful when com-
bined with next-generation sequencing (NGS) platforms,
many of which provide sequence data for each individual
polynucleotide present in the sample to be sequenced. In
contrast to conventional sequencing approaches in which
individual clones of polynucleotides are sequenced indepen-
dently, NGS platforms provide sequences for multiple difter-
ent polynucleotides in a sample simultaneously. This difter-
ence allows for sample-specific statistical analyses to be done
which are not constrained by having to clone and indepen-
dently sequence each polynucleotide. Thus, the MID/DBR
domain analyses described herein synergize with NGS plat-
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forms, providing improved statistical approaches to analyze
the very large amounts of sequence data from pooled samples.

Kits and Systems

[0091] Also provided by the subject invention are kits and
systems for practicing the subject methods, i.e., for using
DBRs to determine the number (or minimum number), of
different starting polynucleotides that have been sequenced
for aparticular polynucleotide. As such, systems and kits may
include polynucleotides containing DBRs (e.g., adapters) as
well as any other functional domains of interest as described
herein (e.g., sequencing primer sites, MIDs, reflex sequences,
etc.). Systems and kits may also include and regents for
performing any steps in attaching adapters to polynucleotides
in a parents sample, preparing a parent sample for adapter/
DBR attachment, and/or reagents for performing sequencing
reactions (e.g., ligases, restriction enzymes, nucleotides,
polymerases, primers, sequencing primers, dNTPs, ddNTPs,
exonucleases, etc.). The various components of the systems
and kits may be present in separate containers or certain
compatible components may be precombined into a single
container, as desired.

[0092] 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 prepara-
tionreagents, 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 according to the present invention.

[0093] 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
employ DBR as described above. The instructions for prac-
ticing the subject methods are generally recorded on a suit-
able 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, e.g. via the internet, are 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.
[0094] In addition to the subject database, programming
and instructions, the kits may also include one or more control
samples and reagents, e.g., two or more control samples for
use in testing the kit.

EXAMPLES

Methods

[0095] Two identical samples of mouse genomic DNA
were labeled with adapters. One sample used an adapter that
has a redundantly synthesized region consisting of 7 bases
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(RYBDHVB), each of which could be one of two (for R and
Y positions) or three (for B, D, H or V positions) bases (or a
total of 972 different sequences) followed by the bases ACA;
the second sample used an adapter that has a redundantly
synthesized region consisting of 7 bases (RYBDHVB), each
of' which could be one of two (for R and Y positions) or three
(for B, D, H or V positions) bases (or a total of 972 different
sequences) followed by the bases ACG. Note the bolded
underlined bases correspond to a synthetic polymorphic site.
In these adapters, the sequence RYB serves as the DBR region
and the DHVB serves as the MID. Thus, there were 12 pos-
sible DBR (2x2x3) codes and 81 different MIDs present
(3x3x3x3).

[0096] The two samples were then mixed together in equal
amounts to create, in effect, a perfect 50/50 heterozygote of A
and G three bases downstream from the MID (i.e., the DHVB
sequence). Different amounts of the mixture (100 ng, 300 ng,
600 ng, 2500 ng, 5000 ng, and 10,000 ng) were subjected to
hybridization pull-down reactions followed by amplification
through 10 cycles of PCR with TiA and TiB primers. The
capture probes employed were 5'-biotinylated 60-mer reverse
phase cartridge purified oligonucleotides (BioSearch). After
amplification with TiA and TiB, a secondary PCR reaction
with TiA and a sequence-specific primer tailed with TiB
(5'-CCTATCCCCTGTGTGCCTTGGCAGTCT-
CAGGGACACCCAGCCAAGACAGC-3") (SEQ ID NO:1)
was used to amplify a specific fragment. The PCR fragment
generated from each sample in the hybridization pull-down/
PCR was sent for 454 Ti Shot sequencing to determine the
DBR, MID and A/G allele.

[0097] The amplicon sequence from the hybridization pull
down/PCR is shown below (SEQ ID NO:2). The DBR region
is underlined, the MID is in bold, and the allele (R, which
corresponds to A or ) is bold underline.

CCATCTCATCCCTGCGTGTCTCCGACTCAGRYBDHVBACRTAGAATGTGC
ATGGATCGTATGAGCACCTGTGGGCAGGGCAAGTGGCAGATGCCTTAGTG
GATCTCACTGGAAGCCTGGCAGAAAGGTGGAGCTTGAAGGATGTAACGAA
AGCCAGCGGCCAGCAGGACAGACCCAGTGGTGGGGAGCACAGAACTTGTC
GGCAGCTACTCCACCTGAAGGACCGGTGTCTAATCAGCTGCTCTGTGCTT
AGCCCCAGAGCAGGTACAGCTATGGCTACAACTCCCTCCACCATTAGCTT
GTTACAGAGAAGGAAATCGGTCCTTGAGAGGCTGTCTTGGCTGGGTGTCC

CTGAGACTGCCAAGGCACACAGGGGATAGG

Results

[0098] FIG. 1 shows the allele ratio for each MID in the
sample. The numbers at the top of each of the 6 panels show
the input mass of genomic DNA used (in nanograms). The
abscissa shows, for any particular MID, the fraction of A
sequencing reads, or calls, (i.e., the number of reads of one of
the polymorphic bases at the synthetic SNP position) to the
total number of calls, e.g., the ratio of (A calls)/(A calls+G
calls). This is called the allele ratio. The ordinate is the num-
ber of MIDs observed with a particular allele ratio (the total
number of MIDs, as noted above, is 81). Because the input
DNA was known to be at a 50/50 A/G ratio, the allele ratio for
each sample should be 0.5.
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[0099] At low input mass, the allele ratio is distorted—
either too high or two low—because the molecules on the
input to the first PCR step were limiting and so one of the two
alleles was preferentially observed. As mass into the first step
increases, both alleles are observed and at closer and closer to
the expected 0.5 ratio. This analysis shows that there was
considerable allele drop out at 100 ngs, 300 ngs and 600 ngs,
while little to no allele drop out occurred at the higher input
levels.

[0100] FIG. 2 shows the fraction of DBR sequences for
each MID associated with each allele. Since the input mate-
rial is nominally 50/50 A and G at the synthetic polymorphic
position, we would expect each of the 81 effective MIDs to be
associated with 50% A reads and 50% G reads (as noted
above). Furthermore, since the 12 DBRs are random and are
associated with each of the 81 different MIDs, one would
expect, with sufficient input DNA copies, that all 12 DBRs
would be observed for the A allele and all 12 for the G allele.
Thus, the fraction of DBRs observed for a particular base in
the ideal case would be 12/24 or 0.5 for each allele. To the
extent that insufficient numbers of molecules go into the
processing steps, there may be less than 12 DBRs for each
MID allele, and so the ratio can stray away from the ideal.

[0101] In FIG. 2, the abscissa shows, for any particular
MID, the proportion of the DBRs actually observed for each
allele divided by the total number of DBRs actually observed.
The ordinate is the number of MIDs observed with a particu-
lar proportion or DBRs associated with an allele. There are,
and should be, a total of 81 different MIDs seen. We observe
that at low input mass, one frequently can see a distorted
proportion—either too high or two low. This is likely due to
limiting number of molecules input into the first PCR step,
and so one of the two alleles was preferentially observed. As
mass into the first step increases, both alleles are observed
more frequently and associated with each allele is an obser-
vation of more and more of the DBRs, and thus a proportion
closer to the 0.5.
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[0102] A comparison of the date in FIGS. 1 and 2 shows an
additional feature of employing DBRs as described herein.
For a true heterozygote, one starts to see sooner (i.e., at lower
mass) in the DBR analysis (FIG. 2) that the distribution clus-
ters around the expected 0.5 ratio. This makes sense because,
for example, observation of 6 of the 12 DRBs for the A allele
and 4 of the 12 DBRs of the G allele would result in a
proportion of (6/[6+4])=0.60 which, in fact is fairly close to
the expected 0.5. The net effect is that the use of DBRs gives
much greater confidence in the presence of a true heterozy-
gote or true homozygote.

[0103] 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 and modifications may be
made thereto without departing from the spirit or scope of the
appended claims.

[0104] 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 inven-
tion and the concepts contributed by the inventors to further-
ing the art, and are to be construed as being without limitation
to such specifically recited examples and conditions. More-
over, all statements herein reciting principles, aspects, and
embodiments of the invention as well as specific examples
thereof, are intended to encompass both structural and func-
tional equivalents thereof. Additionally, it is intended that
such equivalents include both currently known equivalents
and equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of struc-
ture. 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.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 1

cctatecect gtgtgecttyg geagtctcag ggacacccag ccaagacage 50

<210> SEQ ID NO 2

<211> LENGTH: 380

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 2

ccatctcatc cectgcgtgtce teccgactcag rybdhvbacr tagaatgtgc atggatcgta 60
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-continued
tgagcacctyg tgggcagggce aagtggcaga tgecttagtyg gatctcactyg gaagectgge 120
agaaaggtgg agcttgaagg atgtaacgaa agccagcgge cagcaggaca gacccagtgg 180
tggggagcac agaacttgtc ggcagctact ccacctgaag gaccggtgte taatcagcetg 240
ctetgtgett agccccagag caggtacage tatggctaca actcccteca ccattagett 300
gttacagaga aggaaatcgg tccttgagag getgtettgg ctgggtgtece ctgagactge 360
caaggcacac aggggatagg 380

That which is claimed is:

1. A method of estimating the number of starting poly-
nucleotide molecules sequenced from multiple samples, the
method comprising:

attaching an adapter to starting polynucleotide molecules

in multiple different samples, wherein the adapter for

each sample comprises:

a unique MID specific for the sample; and

a degenerate base region (DBR) comprising at least one
nucleotide base selected from: R, Y, S, W, K, M, B, D,
H, V, N, and modified versions thereof;,

pooling the multiple different adapter-attached samples to

generate a pooled sample;

amplifying the adapter-attached polynucleotides in the

pooled sample;

sequencing a plurality of the amplified adapter-attached

polynucleotides, wherein the sequence of the MID, the
DBR and at least a portion of the polynucleotide is
obtained for each of the plurality of adapter-attached
polynucleotides; and

determining the number of distinct DBR sequences present

in the plurality of sequenced adapter-attached poly-
nucleotides from each sample to determine the number
of starting polynucleotides from each sample that were
sequenced in the sequencing step.

2. The method of claim 1, wherein the adapter further
comprises a sequencing primer site.

3. The method of claim 1, wherein the adapter further
comprises one or more of: a reflex sequence, and a promoter
site.

4. The method of claim 1, wherein the DBR comprises at
least 2 nucleotide bases, wherein each of the at least 2 nucle-
otide bases are selected from: R, Y, S, W,K, M, B, D, H, V, and
N.

5. The method of claim 4, wherein the DBR comprises
from 3 to 20 nucleotide bases, wherein each of the 3 to 10
nucleotide bases is selected from: R, Y, S, W, K, M, B, D, H,
V, and N.

6. The method of claim 1, wherein the determined number
of polynucleotides from each sample that were sequenced in
the sequencing step is employed in a method for allele calling.

7. The method of claim 1, wherein the sequencing step
comprises performing a next-generation sequencing process.

8. The method of claim 1, wherein each of the multiple
samples is a genomic DNA sample.

9. The method of claim 8, wherein each of the multiple
different genomic DNA samples is derived from a different
subject.

10. The method of claim 9, wherein the subject is a human.

11. The method of claim 1, further wherein the sample is
enriched for a region of interest prior to the attaching step.

12. The method of claim 1, further comprising enriching
the adapter-attached polynucleotides for a region of interest.

13. The method of claim 4, wherein the adapter is an
asymmetric adapter, wherein a first adapter domain is present
at a first end of the polynucleotide and a second adapter
domain is present at a second end of the polynucleotide,
wherein the DBR is a split DBR comprising one or more of
the at least 2 nucleotide bases in the first adapter domain and
one or more of the at least 2 nucleotide bases in the second
adapter domain.

14. The method of claim 1, wherein the adapter is attached
to the polynucleotide molecules in an amplification reaction,
wherein the DBR is present in a synthesis primer employed in
the amplification reaction.

15. The method of claim 14, wherein the amplification
reaction is a PCR.

16. The method of claim 14, wherein the method further
comprises determining the number of starting polynucle-
otides amplified in the PCR reaction.

17. The method of claim 1, wherein the method is drawn to
determining the genetic heterogeneity of the polynucleotides
in the sample.

18. The method of claim 17, wherein the sample comprises
polynucleotides derived from tumor tissue.

19. The method of claim 17, wherein the sample comprises
polynucleotides derived from microorganisms and/or
viruses.

20. The method of claim 1, wherein the method is drawn to
determining the genetic heterogeneity of the polynucleotides
present in the multiple different samples.

21. The method of claim 20, wherein the multiple different
samples are derived from different sections of a tumor.

22. The method of claim 20, wherein the multiple different
samples are derived from different tumors from a subject.

23. The method of claim 22, wherein the multiple different
samples are derived from a subject over time.

24. The method of claim 23, wherein the subject has an
infection, wherein the genetic heterogeneity of the infectious
agent or agents over time is determined.
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