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DESCRIPTION

Field of the invention

[0001] The present invention relates to the field of molecular biology, in particular to the
preparation of sample DNA for sequencing methods. More specifically, the present invention
relates to the use of nucleotide sequence identifiers for high throughput sequencing.

Background of the invention

[0002] The high demand for low-cost sequencing has driven the development of high-
throughput sequencing technologies. In such technologies, millions of sequences are produced
in parallel. For example, 454 Life Sciences, now Roche Applied Sciences, developed a high
throughput sequencing technology of a sample DNA involving the steps of fragmenting DNA,
ligating adapters to the DNA fragments, capturing single DNA fragments with a bead coated
with primers, amplifying each DNA fragment on a bead inside water droplets in oil (emulsion
PCR), and subsequently loading each bead in a picolitre-well and sequence each amplified
DNA fragment with pyrosequencing. In general, high throughput sequencing technologies
involve the ligation of adapters to DNA fragments, which adapters may comprise primer
binding sites used for capture, amplification and/or sequencing of the DNA fragments. Because
large numbers of sequences can be produced, samples from different origin are often
combined in a single high throughput sequencing run. In order to trace back the origin of each
sample from a pool of samples, current high throughput sequencing applications rely on the
use of nucleotide sequence identifiers. The term nucleotide sequence identifier (NSI,
(sequence-based barcode or sequence index are terms that are interchangeable and have the
same meaning. A nucleotide sequence identifier is a particular nucleotide sequence that is
used as an identifier. A nucleotide sequence identifier is included in the adapter downstream of
the primer binding site such that when sequenced from the primer binding site, the nucleotide
sequence of the identifier sequence is determined. Different adapters comprising different
nucleotide sequence identifiers are ligated to different samples, after which the samples can be
pooled. When the sequences are determined of the pooled samples, the nucleotide sequence
identifier is sequenced along with part of the sequence of the fragment to which the adapter is
ligated. The presence or absence of the nucleotide sequence identifier thus determines the
presence or absence of a sample DNA in the pool. The sequence of the internal sequence that
is sequenced along with the nucleotide sequence identifier further enables to assign that
sequence to a particular sample from which it originated, as the nucleotide sequence identifier
serves to identify the sample DNA origin.

[0003] For example, in the high throughput sequence system developed by Roche, the
Genome Sequencer FLX system, multiplexed identifier sequences (MIDs) are used. The MIDs
are 10-mer sequences that are incorporated into the adapters to assign sequence reads to
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individual samples. Over 100 different MIDs are currently in use (454 Life Science Corp (2009)
Technical Bulletin No. 005-2009). Similar nucleotide sequence identifiers are available for other
sequencing systems.

[0004] Methods, wherein nucleotide sequence identifiers are incorporated in the 5'-end of a
primer, are e.g. described by Rigola et al. PLoS ONE. 2009; 4(3). e4761 and in WO
2007/037678.Typically, the nucleotide sequence identifiers do not have significant
complementarity with the target sequence. A primer thus comprises at the 5'-end a section
comprising a nucleotide sequence identifier and at the 3'-end the sequence which is
complementary to the target sequence. When a sample is amplified with a primer pair of which
a primer comprises a nucleotide sequence identifier, the amplicon will include the nucleotide
sequence identifier. When samples are subsequently pooled, and subjected to high-throughput
sequencing methods, the nucleotide sequence identifier will serve to identify the origin of the
sequenced amplicon. Hence, the origin of the amplicon is determined by determining the
nucleotide sequence identifier. Concomitantly, the internal sequence which has been amplified
and is also sequenced along with the nucleotide sequence identifier can also be traced back to
the samples from which they originate.

[0005] In both scenarios, an adapter or primer which comprises a nucleotide sequence
identifier, the concept is the same, namely to determine the sample origin of sequences
produced using high throughput sequencing platforms from a plurality of DNA samples that
have been multiplexed, e.g. combined or pooled, somewhere in the sample preparation
process.

Summary of the invention

[0006] The capacity of high throughput sequencing technologies capacity has been increasing
an order of magnitude per two year period since its introduction. With high throughput
sequencing enabling the multiplexing of an increasingly larger number of samples, the number
of unique adapters or primers that is required to identify the origin of the samples is also
increasing. Although the usage of 100 different primers or adapters may already be
challenging, when the number would increase to 1000, it may become a bottleneck. Hence it is
desirable that the number of primers and/or adapters that has to be used can be reduced
because this may simplify sample preparation, may reduce the workload, may optimize
technical performance and can reduce costs. The current invention as defined by claims 1-11
enables to reduce the number of different primers and/or adapters required. The number could
be reduced by the use of so called "split barcodes". Split barcodes according to the invention
as defined by claims 1-11 are nucleotide sequence identifiers that are present on at least two
adapters and/or primers. A sample DNA (or combination of sample DNAs) is prepared using
e.g. a primer pair and/or a pair of adapters, each primer or adapter of the pair comprising a
nucleotide sequence identifier. The amplicon or adapter ligated DNA fragment that is produced
comprises the at least two nucleotide sequence identifiers. For each different sample a unique
combination of nucleotide identifiers can be used. The combination of nucleotide sequence
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identifiers, together also indicated as the split barcode, serves as the identifier.

Brief descriptions of the drawings

[0007]

Figure 1. Method for preparation of an amplicon from a sample DNA with two nucleotide
sequence identifiers. A sample DNA is provided (1) comprising an internal sequence (IS)
flanked by two primer binding sites (P1 and P2), as well as a pair of amplification primers (2)
comprising sequences complementary to a primer binding site at the 3'-end and nucleotide
sequence identifiers (NSI1 and NSI2) 5' thereof. The sample DNA is amplified with the
amplification primers (3), resulting in an amplicon with two nucleotide sequence identifiers on
either side. (5' indicates the 5'-end of a nucleotide strand, the 3'end has no annotation).

Figure 2. Method for preparation of an adapter ligated DNA fragment from a sample DNA with
two nucleotide sequence identifiers.

A sample DNA is provided (1), which is fragmented providing DNA fragments (2), a pair of
adapters comprising a first and second NSI (NSI1 and NSI2) is provided (3) which are ligated
to both ends of a DNA fragment, resulting in an adapter ligated DNA fragment (4). (5' indicates
the 5'-end of a nucleotide strand).

Figure 3. Method for preparation of an amplified adapter ligated DNA fragment from a sample
DNA with 2, 3 or 4 nucleotide sequence identifiers.

A sample DNA is provided (1), which is fragmented providing DNA fragments (2), a pair of
adapters is provided of which at least one comprises an NSI (NS1 and optionally (NS2)) and
both comprise a primer binding site (P1 and P2), which are ligated with a DNA fragment (3),
i.e. internal sequence (IS), resulting in an adapter ligated DNA fragment (4) comprising the
primer binding sequences on both ends of the adapter ligated DNA fragments. A pair of
amplification primers is provided (5) each comprising at the 3'-end a sequence complementary
to a sequence primer binding site, and at least one amplification primer comprises at the 5'-
end a nucleotide sequence identifier (NSI3 or optionally (NSI4)). The adapter ligated DNA
fragment is amplified with the pair of amplification primers (6). The result (7) being an amplified
adapter ligated DNA fragment comprising at least two NSIs. The at least two NSIs can be
flanking the IS, and/or the at least two NSIs can be on the same side of the IS. (5' indicates the
5'-end of a nucleotide strand; the parentheses indicate that the inclusion of the second and/or
fourth NSI may be optional in this method).

Figure 4. Method for a preparation of an adapter ligated amplicon from a sample DNA with
two, three or four nucleotide sequence identifiers. A sample DNA is provided (1) comprising an
internal sequence (IS) flanked by two primer binding sites (P1 and P2), as well as a pair of
amplification primers (2) comprising at the 3'-end sequences complementary to a primer
binding site and at least one of the primers comprising a nucleotide sequence identifier (NSI1
and optional (NSI2)) at the 5'-end. The sample DNA is amplified with the amplification primers
(3), resulting in an amplicon with at least one nucleotide sequence identifier (4). A pair of
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adapters is provided comprising a third and optional fourth nucleotide NSI (NSI3 and optional
(NSI4)) which are ligated to either ends of the amplicon thereby providing an adapter ligated
amplicon (6). The at least two NSIs can be flanking the IS, and/or the at least two NSIs can be
on the same side of the IS. (5' indicates the 5'-end of a nucleotide strand; the parentheses
indicate that the inclusion of the second and/or fourth NSI may be optional in this method).

Figure 5. Method for determining the two nucleotide sequence identifiers sequences of an
adapter ligated DNA fragment.

A sample DNA is provided (1), which is fragmented providing DNA fragments (2), a pair of
adapters comprising a first and second NSI (NSI1 and NSI2) is provided (3) which are ligated
to either ends of a DNA fragment,resulting in an adapter ligated DNA fragment (4). The
adapters each comprise a sequencing primer binding site (SEQ1 and SEQ2), and optionally
each comprise an amplificiation primer binding site ((P1) and (P2)). The order of the sites
present in an adapter is: (P)- SEQ - NSI, e.g. (P1)-SEQ1-NSI1. The side of the adapter that is
ligated to the DNA fragment is the side comprising the NSI. The adapter ligated DNA fragment
may optionally be amplified with primers directed to the primer binding sites (4). Each strand of
the adapter ligated DNA fragment may serve as a template for a sequencing reaction. One
template strand used is represented as follows: 3'-(P1)-SEQ1-NSI1-1S- NSI2(P2)-SEQ2-5', for
which a sequencing primer is used against SEQ1. Sequencing primers are provided such that
from each template from SEQ1 or SEQ2 the NSI sequence(s) are determined. The sequences
may be determined separately. The sequences may be determined consecutively, e.g. such as
in paired-end sequencing. (5' indicates the 5'-end of a nucleotide strand).

Figure 6. Method for determining the two nucleotide sequence identifiers sequences of an
adapter ligated DNA fragment: single-read double-tagging.

A sample DNA is provided (1), which is fragmented providing DNA fragments (2), a pair of
adapters comprising a first and second NSI (NSI1 and NSI2) is provided which are ligated to
either ends of a DNA fragment (3), resulting in an adapter ligated DNA fragment (4). The
adapters each comprise a sequencing primer binding site (SEQ1 or SEQ2), and optionally
each comprise an amplification primer binding site ((P1) or (P2)). The order of the sites
present in the two adapters is (P1)-SEQ1-NSI1 and SEQ2-NSI2-(P2). The adapters are ligated
to the DNA fragment such that the (P1) and (P2) sites are the outward sites of the adapter
ligated DNA fragment (4), which may optionally be amplified with primers directed thereto (5).
One strand of the adapter ligated DNA fragment may serve as a template for sequencing using
the SEQ1 and SEQ2 sequencing primer binding sites in two different sequencing reactions, i.e.
using the corresponding different sequencing primers. The template strand used is
represented as follows: 3'-(P1)-SEQ1-NSI1-1S -SEQ2-NSI2-(P2)-5'. (5' indicates the 5'-end of a
nucleotide strand).

Figure 7. Method for determining the sequence of two nucleotide sequence identifiers of an
amplicon from a sample DNA. A sample DNA is provided (1) comprising an internal sequence
(IS) flanked by two primer binding sites (P1 and P2), as well as a pair of amplification primers
(2) comprising at the 3'-end sequences complementary to a primer binding site and
sequencing primer binding sites (SEQ) at the §'ends. In between, in the amplification primers,
nucleotide sequence identifiers are located. The sample DNA is amplified with the amplification
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primers (3), resulting in an amplicon with two nucleotide sequence identifiers on either side,
with on the outer ends of the amplicon the two SEQs (SEQ1 and SEQ2). Each strand of the
amplicon may serve as a template for a sequencing reaction. One template strand used is
represented as follows: 3-SEQ1-NSI1-P1-IS-P2-NSI2-SEQ2-5', for which a sequencing primer
is used against SEQ1. Sequencing primers are provided such that from each template the NSI
sequence(s) are determined. The sequences may be determined separately. The sequences
may be determined consecutively, e.g. such as in paired-end sequencing. (5' indicates the 5'-
end of a nucleotide strand).

Figure 8. Method for determining the sequence of two nucleotide sequence identifiers of an
amplicon from a sample DNA: single-read double-tagging. A sample DNA is provided (1)
comprising an internal sequence (IS) flanked by two primer binding sites (P1 and P2), as well
as a pair of amplification primers (2) comprising sequences complementary to a primer binding
site at the 3'-end (C1 or C2). The primers comprise in addition NSIs and sequencing primer
binding sites, the different primers comprising the different sites/sequences being represented
as follows: 5'-SEQ1-NSI1-C1 and C2-SEQ2-NSI2-5'. The sample DNA is amplified with the
amplification primers (3), resulting in an amplicon with a nucleotide sequence identifier on each
side, with on one outer end of the amplicon SEQ1 and on the other outer end NSI2 (4). One
strand of the amplicon may serve as a template for sequencing using the SEQ1 and SEQ2
sequencing primer binding sites in two different sequencing reactions, i.e. using the
corresponding different sequencing primers. The template strand used is represented as
follows: 3'-SEQ1-NSI1-P1-1S-P2-SEQ2-NSI2-5'. (§' indicates the §'-end of a nucleotide strand).

Figure 9. Method for determining the sequence of four nucleotide sequence identifiers of an
amplicon from a sample DNA: single-read double-tagging. A sample DNA is provided (1)
comprising an internal sequence (IS) flanked by two primer binding sites (P1 and P2), as well
as a pair of amplification primers (2) comprising sequences complementary to a primer binding
site at the 3'-end (C1 or C2). The primers comprise in addition NSIs and one of the primers
comprises a sequencing primer binding site. The different primers comprising the different
sections being represented as follows: 5'-NSI1-C1 and C2-SEQ2-NSI2-5'. The sample DNA is
amplified with the amplification primers (3), resulting in an amplicon with two nucleotide
sequence identifiers on the one outer ends of the amplicon. Next, a pair of adapters is
provided (4). One adapter comprises a sequencing primer binding site (SEQ1) and an NSI
(NSI3), the other primer comprises an NSI (NSI4). The adapters are ligated to either ends of
the amplicon, resulting in an adapter ligated amplicon, wherein the SEQ1 section is on the
outer end of the adapter ligated amplicon (5), and SEQ1 and SEQ2 are flanking the IS. One
strand of the adapter ligated DNA fragment may serve as a template for sequencing using the
SEQ1 and SEQ2 sequencing primer binding sites in two different sequencing reactions, i.e.
using the corresponding different sequencing primers. The template strand used is
represented as follows: 3'-SEQ1-NSI3-NSI1-IS -SEQ2-NSI2-NSI4-5'. (&' indicates the 5'-end of
a nucleotide strand).

Figure 10. Method for determining the sequence of four nucleotide sequence identifiers of an
amplicon from a sample DNA.
A sample DNA is provided (1) comprising an internal sequence (IS) flanked by two primer
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binding sites (P1 and P2), as well as a pair of amplification primers (2) comprising sequences
complementary to a primer binding site at the 3'-end (C1 or C2). The primers comprise in
addition NSIs. The different primers comprising the different sections being as represented as
follows: 5'- NSI1-C1 and C2 -NSI2-5'. The sample DNA is amplified with the amplification
primers (3), resulting in an amplicon with the two nucleotide sequence identifiers on the one
outer ends of the amplicon. Next, a pair of adapters is provided (4). Each adapter comprises a
sequencing primer binding site (SEQ1 or SEQ2) and an NSI (NSI3 or NSI4). The adapters are
ligated to either ends of the amplicon, resulting in an adapter ligated amplicon, wherein the
SEQ1 and SEQ2 sections are on the outer ends of the adapter ligated amplicon (5). Each
strand of the adapter ligated amplicon may serve as a template for a sequencing reaction.
Sequencing primers are provided such that from each template the NSI sequence(s) are
determined. The sequences may be determined separately. The sequences may be
determined consecutively, e.g. such as in paired-end sequencing. One of the template strands
used is represented as follows: 3'-SEQ1-NSI3-NSI-1-P1-1S-P2- NSI2-NSI4-SEQ2-5', for which
a sequencing primer is used against SEQ1. (5' indicates the 5'-end of a nucleotide strand).

Figure 11. Amplification with primer pair. (UT1, universal tail 1, BC1, barcode part 1, UT2
universal tail 2; BCP2, barcode part 2)

1. A. The universal tail 1 may be the sequence primer site 1 (heavy black arrow) and
universal tail 2 may be the sequence primer site 2 (stippled arrow), e.g. P5 and P7 in
case of lllumina GA paired-end sequencing.

2. B. The universal tail 1 may be the sequence primer site 1 (heavy black arrow) and
universal tail 2 may be the sequence primer site 2 (dashed arrow), e.g. PS5 and P7 in
case of lllumina GA sequencing with two primer events from the same strand

Figure 12. Ligation of a pair of barcoded adaptors. (P5, P5 + seq.pr.site; BC1, barcode part 1;
BC2, barcode part 2; P7, P7+seq.pr.site;B, blunt end adapter). A. Ligation of EcoRland Msel
barcoded adapters to EcoRI/Msel digested DNA, where the combination of barcode parts
1(EcoRI side) and 2 (Msel side) define the sample uniquely. B. Ligation of EcoRI and blunt end
barcoded adapters to sample that was first digested with EcoRlI, followed by EcoRI barcoded
adapter ligation (barcode 1), followed by fragmentation of adapter-ligated fragments, optional
end polishing and followed by blunt end adapter ligation (barcode part 2), where the
combination of barcode parts 1 (EcoRI side) and barcode part 2 (blunt end side) define the
sample uniquely.

Definitions

[0008] In the following description and examples, a number of terms are used. In order to
provide a clear and consistent understanding of the specification and claims, including the
scope to be given such terms, the following definitions are provided. Unless otherwise defined
herein, all technical and scientific terms used have the same meaning as commonly
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understood by one of ordinary skill in the art to which this invention belongs.

[0009] Methods of carrying out the conventional techniques used in the disclosed methods will
be evident to the skilled worker. The practice of conventional techniques in molecular biology,
biochemistry, computational chemistry, cell culture, recombinant DNA, bioinformatics,
genomics, sequencing and related fields are well-known to those of skill in the art and are
discussed, for example, in the following literature references: Sambrook et al., Molecular
Cloning. A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N. Y., 1989; Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons,
New York, 1987 and periodic updates; and the series Methods in Enzymology, Academic
Press, San Diego.

[0010] As used herein, the singular forms "a," "an" and "the" include plural referents unless the
context clearly dictates otherwise. For example, isolating DNA includes isolating a plurality of
DNA molecules (e.g. 10's, 100's, 1000's, 10's of thousands, 100's of thousands, millions, or
more molecules).

[0011] A "nucleotide sequence" according to the present invention may include any polymer or
oligomer of nucleotides such as pyrimidine and purine bases, preferably cytosine, thymine, and
uracil, and adenine and guanine, respectively and combinations thereof (See Albert L.
Lehninger, Principles of Biochemistry, at 793-800 (Worth Pub. 1982). The present invention
contemplates any deoxyribonucleotide, ribonucleotide or peptide nucleic acid component, and
any chemical variants thereof, such as methylated, hydroxymethylated or glycosylated forms of
these bases, and the like. The polymers or oligomers may be heterogeneous or homogenous
in composition, and may be isolated from naturally occurring sources or may be artificially or
synthetically produced. In addition, a nucleotide sequence may be DNA or RNA, or a mixture
thereof, and may exist permanently or transitionally in single-stranded or double-stranded
form, including homoduplex, heteroduplex, and hybrid states.

[0012] A "sample DNA" according to the invention is a sample which is derived from an
organism and which comprises DNA. A "sample DNA" may comprise cells from an organism
which comprises DNA, but also isolated DNA from the cells from an organism. As long as the
"sample DNA" comprises DNA that can be used in the method of the invention such a sample
DNA may be used in the invention. Organisms from which sample DNA may be obtained are
for example plants, mammals, fungi, and microorganisms. Sample DNA may also comprise
expressed sequence tags or cDNA, wherein RNA as it is expressed in cells of organisms is
converted into double stranded DNA via reverse transcription. The sample DNA may also
comprise pooled sample DNAs obtained from different sites of an organism, and/or from
several different organisms. Pooled sample DNAs may be pooled e.g. in a 3-D pooling scheme
such that the origin of each sample that is comprised in a sample DNA may be determined
(e.g. as described in WO2007/037678).

[0013] "Fragmenting DNA" includes any technique that, when applied to a sample DNA, results
in DNA fragments. Techniques well known in the art are sonication, shearing and/or enzymatic
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restriction, but other techniques can also be envisaged.

[0014] A "restriction endonuclease" or "restriction enzyme" is an enzyme that recognizes a
specific nucleotide sequence (recognition site), e.g. in a double-stranded DNA molecule, and
will cleave both strands of the DNA molecule at or near every recognition site, leaving a blunt
or a 3'- or 5-overhanging end. The specific nucleotide sequence which is recognized may
determine the frequency of cleaving, e.g. a nucleotide sequence of 6 nucleotides occurs on
average every 4096 nucleotides, whereas a nucleotide sequence of 4 nucleotides occurs much
more frequent, on average every 256 nucleotides. Type | restriction enzymes cut at a site that
differs, and is some distance (at least 1000 bp) away, from their recognition site. The
recognition site is asymmetrical and is composed of two portions-one containing 3-4
nucleotides, and another containing 4-5 nucleotides-separated by a spacer of about 6-8
nucleotides. Type Il restriction enzymes have recognition sites that are usually undivided and
palindromic and 4-8 nucleotides in length. They recognize and cleave DNA at the same site.
Type lls cut outside their recognition sequence and Type IIB cleaves DNA on both sides of
their recognition site to cut out the recognition site. Type Il restriction enzymes (e.g. EcoP15)
recognize two separate non-palindromic sequences that are inversely oriented. They cut DNA
about 20-30 base pairs after the recognition site. Type IV restriction enzymes cut methylated
DNA.

[0015] "Polishing" includes any technique used to make double stranded nucleotide sequences
which may have 3' or 5' overhangs blunt ended. For example, in case a sample DNA is
fragmented using sonification or using enzymes which result in staggered (overhanging) ends.
DNA Polymerase |, Large (Klenow) Fragment can be used to fill in 5' overhangs (also called 3'
recessed ends) and chew back 3' overhangs or Mung Bean Nuclease can be used to chew
back 3' or 5' overhangs.

[0016] "Ligating" according to the invention involves the joining of separate double stranded
nucleotide sequences. The double stranded DNA molecules may be blunt ended, or may have
compatible overhangs (sticky overhangs) such that the overhangs can hybridise with each
other. The joining of the DNA fragments may be enzymatic, with a ligase enzyme, DNA ligase.
However, a non-enzymatic ligation may also be used, as long as DNA fragments are joined,
i.e. forming a covalent bond. Typically a phosphodiester bond between the hydroxyl and
phosphate group of the separate strands is formed in a ligation reaction. Double stranded
nucleotide sequences may have to be phosphorylated prior to ligation.

[0017] "Amplification primers" refer to single stranded nucleotide sequences which can prime
the synthesis of DNA. DNA polymerase cannot synthesize DNA de novo without primers. An
amplification primer hybridises to the DNA, i.e. base pairs are formed. Nucleotides that can
form base pairs, that are complementary to one another, are e.g. cytosine and guanine,
thymine and adenine, adenine and uracil, guanine and uracil. The complementarity between
the amplification primer and the existing DNA strand does not have to be 100%, i.e. not all
bases of a primer need to base pair with the existing DNA strand. The sequence of the existing
DNA strand, e.g. sample DNA or an adapter ligated DNA fragment, to which an amplification
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primer (partially) hybridises is often referred to as primer binding site (PBS). From the 3'-end of
a primer hybridised with the existing DNA strand, nucleotides are incorporated using the
existing strand as a template (template directed DNA synthesis). We may also refer to the
synthetic oligonucleotide molecules which are used in an amplification reaction as "primers".
The newly synthesized nucleotide sequences in the amplification reaction may be referred to
as being an internal sequence. In case a PCR reaction is performed, the internal sequence
typically is the sequence in between the two primer binding sites. According to the invention, a
primer can be used in an amplification step to introduce additional sequences to the DNA. This
can be achieved by providing primers with additional sequences such as an identifier, a
sequencing adapter or a capturing ligand such as a biotin moiety. Modifications can be
introduced by providing them at the 5' end of the primer, upstream from the part of the primer
that sources to prime the synthesis of DNA.

[0018] "Amplification" or "amplifying" refers to a polynucleotide amplification reaction, namely,
a population of polynucleotides that are replicated from one or more starting sequences.
Amplifying may refer to a variety of amplification reactions, including but not limited to
polymerase chain reaction (PCR), linear polymerase reactions, nucleic acid sequence- based
amplification, rolling circle amplification and like reactions. Typically, amplification primers are
used for amplification, the result of the amplification reaction being an amplicon.

[0019] "Sequencing primers" refer to single stranded nucleotide sequences which can prime
the synthesis of DNA and are used to sequence DNA. An amplification primer may also be
used as a sequencing primer. A sequencing primer can be used as an amplification primer.
DNA polymerase cannot synthesize DNA de novo without primers. A sequencing primer
hybridises to the DNA, i.e. base pairs are formed. Nucleotides that can form base pairs, that
are complementary to one another, are e.g. cytosine and guanine, thymine and adenine,
adenine and uracil, guanine and uracil. The complementarity between the amplification primer
and the existing DNA strand does not have to be 100%, i.e. not all bases of a primer need to
base pair with the existing DNA strand. The sequence of the existing DNA strand, e.g. sample
DNA or an adapter ligated DNA fragment, to which a sequencing primer (partially) hybridises is
often referred to as sequencing primer binding site (SEQ). From the 3'-end of a sequencing
primer hybridised with the existing DNA strand, nucleotides are incorporated using the existing
strand as a template (template directed DNA synthesis). The incorporation of a particular
nucleotide (A, T, C, or G) can be detected during the synthesis, e.g. in pyrosequencing or
when fluorescently labelled nucleotides are used. Alternatively, a chain termination method can
be used, e.g. Sanger sequencing or Dye termination sequencing. In any case, these and other
methods may be contemplated, as long as the order of the nucleotides of a DNA template may
be determined by synthesizing DNA with a sequencing primer and detecting incorporated
nucleotides and/or synthesised fragments.

[0020] "Sequencing" refers to determining the order of nucleotides (base sequences) in a
nucleic acid sample, e.g. DNA or RNA. Many techniques are available such as Sanger
sequencing and High Throughput Sequencing technologies (HTS). Sanger sequencing may
involve sequencing via detection through (capillary) electrophoresis, in which up to 384
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capillaries may be sequence analysed in one run. High throughput sequencing involves the
parallel sequencing of thousands or millions or more sequences at once. HTS can be defined
as Next Generation sequencing, i.e. techniques based on solid phase pyrosequencing or as
Next-Next Generation sequencing based on single nucleotide real time sequencing
(SMRT).HTS technologies are available such as offered by Roche, lllumina and Applied
Biosystems (Life Technologies). Further high throughput sequencing technologies are
described by and/or available from Helicos, Pacific Biosciences, Complete Genomics, lon
Torrent Systems, Oxford Nanopore Technologies, Nabsys, ZS Genetics, GnuBio. Each of these
sequencing technologies have their own way of preparing samples prior to the actual
sequencing step. These steps may be included in the high throughput sequencing method. In
certain cases, steps that are particular for the sequencing step may be integrated in the
sample preparation protocol prior to the actual sequencing step for reasons of efficiency or
economy. For instance, adapters that are ligated to fragments may contain sections that can
be used in subsequent sequencing steps (so-called sequencing adapters). Or primers that are
used to amplify a subset of fragments prior to sequencing may contain parts within their
sequence that introduce sections that can later be used in the sequencing step, for instance by
introducing through an amplification step a sequencing adapter or a capturing moiety in an
amplicon that can be used in a subsequent sequencing step. Depending also on the
sequencing technology used, amplification steps may be omitted.

[0021] An "adapter" is a short double-stranded DNA molecule with a limited number of base
pairs, e.g. about 10 to about 100 base pairs in length, which are designed such that they can
be ligated to the ends of DNA fragments or amplicons. Adapters are generally composed of
two synthetic oligonucleotides which have nucleotide sequences which are at least partially
complementary to each other. An adapter may have blunt ends, may have staggered ends, or
a blunt end and a staggered end. A staggered end is a 3' or ' overhang. When mixing the two
synthetic oligonucleotides in solution under appropriate conditions, they will anneal to each
other forming a double-stranded structure. After annealing, one end of the adapter molecule
may be designed such that it is compatible with the end of a restriction fragment and can be
ligated thereto; the other end of the adapter can be designed so that it cannot be ligated, but
this does need not to be the case, for instance when an adapter is to be ligated in between
DNA fragments. In certain cases adapters can be ligated to fragments to provide for a starting
point for subsequent manipulation of the adapter-ligated fragment, for instance for
amplification or sequencing. In the latter case, so-called sequencing adapters may be ligated
to the fragments.

Detailed description of the invention

[0022] In a first aspect of the invention, as defined by claims 1-11, a use is provided of a
combination of at least two nucleotide sequence identifiers in the preparation of a sample DNA
for high throughput sequencing. Accordingly, a method is provided comprising a step in which
a combination of at least two nucleotide sequence identifiers is used in the preparation of a
sample DNA for high throughput sequencing. With the preparation of a sample DNA according
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thereto is meant that a sample DNA is prepared such that at least two NSIs are included in the
sample DNA, i.e. the at least two NSls are included e.g. in an amplicon and/or adapter ligated
DNA fragment or amplicon thereof. The at least two NSIs are thus included in a nucleotide
sequence of the sample DNA such that a single polynucleotide molecule comprises the at least
two NSIs. The combination of the NSIs serves as unique identifiers ('split barcode') for the
sample DNA.

[0023] From a design perspective, there is no practical limitation to the number of nucleotide
sequence identifiers that one can use. For instance, one nucleotide may already serve as a
nucleotide sequence identifier. Hence, 4 different nucleotide sequence identifier may be
designed: A, G, C or T. The sequences flanking such a single nucleotide identifier may serve to
guide the identification of the NSI. By increasing the size of a barcode, the number of

possibilities increase. Three DNA bases allow for 64 possible 3-mer sequences (43), 256

possible 4-mers (=44), 1024 possible 5-mers (=4°), and 4096 possible 7-mers (= 4°) etc. In
practice, it may however be preferred to select a subset from these sequences to avoid the
use in the same experiment of nucleotide sequence identifiers that differ by just one base
(such as e.g. GATC and GATT in case of 4-mers), as this could result in a wrong assignment in
case of a one base amplification- or sequencing error. Similarly, it may be preferred to avoid
the use of nucleotide sequence identifiers that have two identical consecutive bases (e.g.
AATGC having two consecutive A's in case of a 5-mer) because certain NGS platforms have
higher error rates for so called "homopolymer" sequences. Despite such selection criteria, in
general there is no shortage of suitable nucleotide sequence identifiers as the increment of
their length with a base creates a four-fold higher starting number to select from.

[0024] Thus, when for example in a high throughput sequencing method of a prepared sample
DNA the two NSI sequences are determined, the combination of the two NSIs determines the
origin of prepared sample DNA. This way, the number of NSlIs, and thus e.g. the number of
different primers and/or adapters that has to be used can be reduced considerably. For
example, for 100 samples, currently 100 NSIs are used, e.g. 100 different forward primers
comprising the NSIs are combined with one reverse primer. According to the invention, by
using a split barcode, 10 NSIs would suffice, and thus 10 different forward primers with 10
different reverse primers can be used of which 100 unique combinations can be made. Thus,
the total number of primers that has to be used is reduced considerably, the number being
reduced from 101 primers to 20 primers. Hence, reducing the complexity of the sample
preparation workflow, increasing the likelihood of equal representation of samples , reducing
the workload and required storage capacity and reducing the experimental costs.

[0025] In a further embodiment, the use is provided of a combination of at least two NSIs in the
preparation of a sample DNA for high throughput sequencing, wherein in the high throughput
sequencing a plurality of prepared sample DNAs is used, wherein each preparation of a
sample DNA comprises a unique combination of the at least two NSIs wherein a first NSI is
selected from a group of NSlIs and a second NSl is selected from the group of NSis.

[0026] The group of NSIs used comprises all NSIs. For each sample DNA, a nucleotide
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sequence identifier is selected from the group. This means that for a sample DNA for the at
least two NSIs, the same NSI may be selected in the combination of NSls. In addition, for a
sample DNA for the at least two NSls, different NSIs may be selected in the combination of
NSIs. As long as the combination of the NSIs is unique for each sample DNA, such a
combination may be used. The group of NSIs may also comprise at least two subgroups of
NSIs, wherein each first and second NSI may be selected from a different subgroup. In
addition to the first and second NSIs, further NSIs may be used selected from the group of
NSls. A group of NSIs may comprise at least 4, 10, 100 or 1000 NSls.

[0027] It is understood that wherein throughout the disclosure a group of NSls is provided, the
group may be virtually provided, i.e. not physical. The group may for example be provided in
silico and/or in physico. For example, a group of NSls may be provided as a list of sequences.
NSIs may be selected from that list and used for designing in silico a primer and/or adapter. It
is thus understood that the subsequent steps of providing a group of NSIs and providing an
adapter may comprise providing a group of NSls in silico, selecting from that group an NSI in
silico, designing an adapter in silico, and next providing in physico the adapter comprising the
NSI. Alternatively, the NSIs may also be provided in physico and be used directly, for example,
in a scenario wherein an adapter is used which consists of a nucleotide sequence identifier. Or
for example, the NSIs may be provided in physico and be linked (e.g. ligated or otherwise) to
other nucleotide strands such that an adapter and/or amplification primer is generated, thereby
providing an adapter and/or amplification primer comprising an NSI.

[0028] The rationale of the invention is that a large number of unique combinations is created
by using at least two different nucleotide sequence identifiers that are incorporated in each
sample and exploiting the power of multiplication in order to reduce upfront reagent costs. This
is shown in table 1 for a number of mathematically optimal situations for two NSis.

Table 1. Optimal combinations of NSIs with two NSIs.

# of unique # of different {# of different {# of different # of barcodes
combinations (A) §{NSls (B) NSiIs (C) NSls, B+C (D) {saved (A-D)
100 10 10 20 80

1,024 32 32 64 960

4,096 64 64 128 3,968

16,384 128 128 256 16,128

As said, the concept is not limited to the examples shown in table 2 but other combinations can
be considered as well. For example, less optimal combinations may be selected. Combinations
which may involve more than two NSIs can be selected as well. For example, With 10 NSlIs,
and combining four NSIs, 10x10x10x10= 10,000 unique combinations are possible. In the
design and/or combination stratey used, practical considerations are also taken into account,
e.g. practical considerations related to preparation of the sample DNA.

[0029] The prepared sample DNA is a sample DNA that has underwent processing by which
the at least two nucleotide sequence identifiers are included in the DNA, i.e. the at least two
NSIs are included in a DNA molecule comprising the two NSIs and a DNA sequence from the
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sample DNA. The DNA molecule may be a double stranded DNA molecule or a single stranded
DNA molecule. It is understood that the prepared sample DNA may comprise a plurality of
different DNA molecules, each DNA molecule comprising the unique combination of NSIs such
that the each DNA molecule can be assigned to a sample DNA it originates from. In the high
throughput sequencing method, of each of the DNA molecules from the plurality of DNA
molecules a sequence may be determined with high throughput sequencing.

[0030] In one embodiment, the prepared sample DNA comprises an amplicon. For instance at
least two NSIs are included in primers used to prepare an amplicon. The amplicon thus
comprises at least two NSIs from the at least two different primers used. Amplicons may be
prepared for instance in a PCR reaction. An amplicon may also be prepared from a nested
PCR, i.e. preparing a first amplicon with a first set of primers in a first PCR reaction followed by
a second PCR reaction with a second set of primers, which primers are different from the first
set of primers and which primers amplify the amplicon of the first PCR reaction. A nested PCR
may for example be performed to amplify DNA sequences which have a very low
concentration, or may for example serve to provide an additional identifier or additional
identifiers.

[0031] In one embodiment, the prepared sample DNA comprises an adapter ligated DNA
fragment, sample DNA is fragmented and adapters ligated to the DNA fragments. At least two
adapters are ligated to a DNA fragment, and each of the at least two adapters comprises a
NSI.

[0032] In one embodiment, the prepared sample DNA comprises an amplicon and an adapter
ligated fragment.

[0033] In one embodiment, the prepared sample DNA comprises an amplified adapter ligated
fragment and/or an adapter ligated amplicon. For instance, a sample DNA may be
subsequently subjected to fragmentation, adapter ligation, and amplification. Conversely, a
sample DNA may for instance subsequently be subjected to amplification, fragmentation, and
adapter ligation. In this embodiment, at least two of all the amplification primers and/or
adapters used in the preparation of the sample DNA comprise an NSI.

[0034] In one embodiment, the method according to the disclosure comprises:

1. a) providing adapters and/or amplification primers, wherein at least a first adapter or
amplification primer comprising a first nucleotide sequence identifier selected from the
group of nucleotide sequence identifiers and a second adapter or amplification primer is
provided comprising a second nucleotide sequence identifier selected from the group of
nucleotide sequence identifiers, and wherein optionally, further adapter or amplification
primers are provided comprising further nucleotide sequence identifier selected from the
group of nucleotide sequence identifiers;

2. b) providing a plurality of sample DNAs;

3. ¢) performing ligation and/or amplification reactions on the sample DNAs using the
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adapters and/or amplification primers, to provide ligated and/or amplified sample DNA
comprising the first, second and optionally further nucleotide sequence identifiers;

4. d) determining at least the sequence of the of first, second and further nucleotide
sequence identifiers using high throughput sequencing;

5. e) determining the sample origin of the ligated and/or amplified sample DNAs.

[0035] As long as in the preparation of a sample DNA at least two NSIs are used which end up
in a single DNA molecule comprising the two NSIs and a DNA sequence from the sample DNA,
such a sample preparation method may be contemplated according to the disclosure. Thus,
separate different adapter ligation steps and/or separate amplification steps may be combined
in order to incorporate at least two NSIs in a prepared sample DNA. The preparation of a
sample DNA may also comprise steps that do not involve the addition of NSls.

[0036] It is understood that in the preparation of the sample DNA, steps that may be
performed in the subsequent sequencing step may also be included and vice versa. Steps
required for the subsequent sequencing step may also be included in the preparation of the
sample DNA. For example, in a sequencing reaction, sequencing primers can be used that
bind to sequencing primer binding sites present in a template. Hence, adapters and/or
amplification primers used in the preparation of a sample DNA may comprise sequencing
primer binding sites in addition. Alternatively, sequencing primer binding sites may be added in
the high throughput sequencing method providing these additional sequences at a later stage.

[0037] In addition to the sequencing of the at least two NSlIs in the high throughput sequencing
method, sequences from the sample DNA may also be sequenced. Such sequences may also
be referred to as internal sequences, as these are sequences which are captured and/or
amplified with the sample DNA preparation method and may represent unknown sequences
from sample DNAs that are of interest. These internal sequences may also be sequenced
along with the NSls, and thus the origin of the sample comprising these internal sequences can
be determined by the combination of the NSIs. This way, for example polymorphisms may be
detected between different samples, such as small nucleotide polymorphisms, deletions,
insertions etc, by comparing the internal sequences and/or comparing the internal sequences
with a reference sequence. Furthermore, these internal sequences may also assist in the
assignment of different reads to a prepared sample DNA, for instance in the scenario as
described below where different sequencing reads are used to build a contig.

[0038] High throughput sequencing involves the parallel sequencing of thousands or millions
or more sequences at once. Whichever high throughput sequencing method used, the NSIs of
the prepared sample DNAs are determined such that each combination of NSIs may be
assigned to a prepared sample DNA. For example, contigs may be built by aligning and
combining different sequencing reads by which the at least two NSIs may be coupled, and thus
can be assigned to a single DNA molecule comprising the at least two NSIs. Also, two
sequencing reactions may be performed on the complementary strands of a prepared sample
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DNA which is preferred in case the internal sequences of the fragment are required from both
ends, when for instance the internal sequence is relatively large. When the two sequencing
read can be assigned to the prepared sample DNA, comprising the at least two NSIs and a
DNA sequence from the sample DNA, such high throughput sequencing methods can be
contemplated. Also, the at least two NSIs may be determined from a single sequencing read in
a high throughput sequencing method.

[0039] For example, in a so called paired-end sequencing method, in a first sequencing
reaction a first sequence may be determined including an NSI using one of the strands as a
template. After the first sequencing reaction, a complementary strand may be generated from
the strand first used as a template. A second sequencing reaction can subsequently be
performed using this newly generated strand as a second template. Thus, two DNA template
strands are used in this method. For example, the structure of a first sequencing template
strand can be 3'- Sequence primer binding site 1 - NSI 1 - internal sequence - reverse
complement NSI 2 - reverse complement sequence primer binding site 2-5'. After the first
sequencing reaction, a reverse complement of the first sequencing template strand can be
generated, which can subsequently be used in a second sequencing reaction. The second
sequencing reaction thus having the following template: 3'- Sequence primer binding site 2 -
NSI 2 - reverse complement internal sequence - reverse complement NSI 1 - reverse
complement sequence primer binding site 1-5'. Because both sequence reads co-localize (e.g.
in the same well, the same bead), the two sequence reads comprising NSI 1 and NSI 2 can be
assigned to the same prepared sample DNA and used to identify the prepared sample DNA.
Such scenarios of sample preparation and subsequent sequencing are depicted in figures 5, 7
and 10.

[0040] In one embodiment, in the high throughput sequencing method, a single DNA template
of the prepared sample DNA is used. With a single DNA template according to the invention as
defined by claims 1-11 is meant a single stranded DNA molecule which comprise the at least
two nucleotide sequence identifiers. It is understood that a single DNA template from a
prepared sample DNA may comprise a plurality of single DNA template molecules, e.g.
comprising different internal sequences derived from a sample DNA with each different internal
sequence being linked with the unique combination of NSIs. When for example, the prepared
sample DNA is an amplicon (or plurality of amplicons), the amplicon comprises two strands of
DNA. In this embodiment, only one of the strands of an amplicon is used in the sequencing
reaction to determine the NSI sequences. This way, the origin of a prepared sample DNA can
be determined without requiring building a contig and/or without requiring a sequence derived
from another DNA template. NSIs may flank the internal sequence of the prepared sample
DNA. NSIs may also be on one side of (an internal sequence of) a prepared sample DNA. In
these scenarios, a single DNA template molecule of a prepared sample DNA can have the
following structure: 3'- Sequence primer binding site - NSI 1 - internal sequence - NSI 2 -§' or
3'- Sequence primer binding site - NSI 1 - NSI 2 - internal sequence -5'. The prepared sample
DNA may comprise additional sequences. The order of the sequence primer binding site, NSls,
and internal sequence is what is of interest in this structural representation. The sequence
primer binding site may be incorporated during the preparation of a sample DNA and/or may
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be incorporated in the high throughput sequencing method. The length and/or quality of
sequences generated in high throughput sequencing may be limited. On the other hand, the
sequencing length may be restricted such that both NSlIs flanking the internal sequence can
not be determined. It may be advantageous to have the NSIs on one side of the internal
sequence, i.e. the part of the single DNA template that is sequenced first, such that both
sequences can be determined in a single read. The NSIs may also be on both sides of the
internal sequence.

[0041] In one embodiment, the single DNA template used may comprise two sequencing
primer binding sites, wherein each sequencing primer binding site is located 3' of a different
nucleotide sequence identifier. In general, a single DNA template may comprise a first section
and a second section, with an internal sequence derived from the sample DNA in between.
The first section comprises a sequencing primer binding site with 5' located thereof an NSI and
optional further NSls, and the second section comprises a second sequencing primer binding
site with &' located thereof an NSI and optional further NSIs. In this scenario, a single DNA
template of a prepared sample DNA can have the following structure: 3'-Sequence primer
binding site 1 - NSI 1 - internal sequence - Sequence primer binding site 1 NSI 2 -5'. The
prepared sample DNA may comprise additional sequences. The order of the sequence primer
binding sites, NSIs, and internal sequence is what is of interest in this structural representation.
Thus, the sequencing primer binding site can be located directly 3' of a nucleotide sequence
identifier but additional sequences may also be present between a sequencing primer binding
site and a nucleotide sequence identifier. In this scenario, from a single template, two different
sequencing reactions may be performed consecutively in the high throughput sequencing
method. One sequencing reaction will determine one (or more) NSI, and a second sequencing
reaction a second NSI (or more). The two sequencing reactions of this embodiment performed
in a high throughput sequencing method using the same template may be referred to as
"single-read double tagging" sequencing hereinafter. Such scenarios of single-read double
tagging are depicted in figures 6, 8 and 9.

[0042] During the sample preparation and/or during the high throughput sequencing method
used, the different samples or part of the different samples may be pooled such that steps that
may be performed simultaneously can be performed simultaneously. The sample origin may
still be determined as no samples or part of different samples are pooled by which the sample
origin may no longer be traced back. For example, in a scenario wherein in the preparation of
a sample DNA, NSIs are added in different steps, it may be beneficial to pool at least part of
samples under preparation after such a step. For example, in a scenario in which 6 NSIs are
used for 36 samples, each sample DNA is first subjected to a step that adds one of 6 different
NSIs (A-F). Samples that comprise unique identifiers may be pooled (A1, B1, C1, D1, E1, F1)
and each pool may now undergo the addition of one of the 6 identifiers, each group of six
having a unique second identifier (A2, B2, C2, D2, E2, or F2), whereby A1 and A2 etc. may or
may not be identical. Finally, once all the sample DNAs have been prepared, prepared sample
DNAs may be pooled (partially or as a whole) in any possible way, because the at least two
unique identifiers are now incorporated.
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[0043] Different methods are possible for identifying the sample origin of a prepared sample
DNA comprising a unique combination of at least two NSls.

[0044] In one embodiment of the invention, a method is provided for identifying the sample
origin of amplicons from a plurality of sample DNAs comprising the steps of:

1. a) providing a plurality of sample DNAs;

2. b) providing a group of nucleotide sequence identifiers;

3. ¢) providing first amplification primers, each first primer comprising a first nucleotide
sequence identifier selected from the group of nucleotide sequence identifiers;

4. d) providing second amplification primers, each second primer comprising a second
nucleotide sequence identifier selected from the group of nucleotide sequence
identifiers;

5. e) amplifying each sample DNA with a unique pair of a first and second amplification
primer to give amplicons;

6. f) optionally, pooling at least part of the amplicons;

7. g) determining the sequence of the first identifier sequence and the second identifier
sequence of the amplicons using high throughput sequencing;

8. h) determining the sample origin of the amplicons.

A scheme of the sample preparation of this method of this embodiment is shown in figure 1. In
this method, two NSIs are included in a first and second amplification primer. The amplicon
comprises the two NSlIs. The amplification primers may be designed to amplify a particular
internal sequence which is of interest. By sequencing at least part of the internal sequence and
the two NSiIs of the amplicon, each sequenced (partial) internal sequence may be assigned to
a sample DNA from which is originates. Alternatively, the amplification primers may be
designed such that they are selective towards a particular primer binding site. By determining
only the sequence of the two NSIs the presence or absence of an amplicon for a particular
sample DNA is determined.. Amplification primers used may have phosphorylated 5'-ends that
are suitable for ligation of adapters that may be used in a subsequent high throughput
sequencing method. Alternatively, amplicons may be phosphorylated if required.

[0045] In one embodiment, a method is provided for identifying the sample origin of adapter
ligated DNA fragments from a plurality of sample DNAs comprising the steps of:

1. a) providing a plurality of sample DNAs;

2. b) providing a group of nucleotide sequence identifiers;

3. ¢) providing first adapters, each first adapter comprising a first nucleotide sequence
identifier selected from the group of nucleotide sequence identifiers;

4. d) providing second adapters, each second adapter comprising a second nucleotide
sequence identifier selected from the group of nucleotide sequence identifiers;

5. e) fragmenting each sample DNA,;

6. f) ligating a unique pair of a first and second adapter to each fragmented sample DNA to
give adapter ligated DNA fragments;

7. g) optionally, pooling at least part of the adapter ligated DNA fragments;



DK/EP 2580351 T3

8. h) determining the sequence of the first identifier sequence and the second identifier
sequence of the adapter ligated DNA fragments using high throughput sequencing;
9. i) determining the sample origin of the adapter ligated DNA fragments.

A scheme showing the sample preparation of a method of this embodiment is shown in figure
2. In this method, two adapters are ligated to a DNA fragment. As shown in figure 2, the
adapters may be ligated to either site of a fragment. This is in particular suitable for high
throughput sequencing methods in which such adapter ligation strategies are used. Many
strategies to ligate two different adapters to fragments are possible. For example, first the DNA
may be fragmented with two restriction enzymes with two different recognition sites. This
results in DNA fragments which have ends that are the result of one restriction enzyme, but
also in fragments that have ends which are the result of the two restriction enzymes. When two
different adapters are designed that can be ligated to the specific restriction ends of each end,
adapter ligated fragments can be formed which comprise the two different adapters. In
addition, adapter ligated fragments are formed which comprise two of the same adapter.
Alternatively, DNA may for instance be fragmented with a single restriction enzyme followed by
the ligation of compatible adapters thereto. Next, the adapter ligated fragment may be
fragmented again but now with e.g. sonification. The fragment ends are next polished and to
the polished ends blunt ended adapters are ligated. The result is a mixture of adapter ligated
fragments, including adapter ligated fragments comprising the restriction enzyme compatible
adapter and the blunt end compatible adapter. In both scenarios, adapter ligated fragments
are formed which may comprise the two NSIs. Only of the adapter ligated fragments that
comprise the two different adapters the sample origin can be determined, as it is the
combination of the two NSIs that is required to determine the sample origin.

[0046] In one embodiment, a method is provided for identifying the sample origin of adapter
ligated amplicons comprising the steps of:

.a

.b

. C

. d) providing second amplification primers;

. e) amplifying a sample DNA with a pair of a first and second amplification primer to give
amplicons;

providing a plurality of sample DNAs;
providing a group of nucleotide sequence identifiers;
providing first amplification primers;

g B WON =
D

6. f) optionally, pooling at least part of the amplicons of sample DNAs each amplified with a
different primer pair;
7. g) optionally, fragmenting the amplicons;
8. h) providing first adapters, each first adapter comprising a first nucleotide sequence
identifier selected from the group of nucleotide sequence identifiers;
9. i) providing second adapters, each second adapter comprising a second nucleotide
sequence identifier selected from the group of nucleotide sequence identifiers;
10. j) optionally, providing further adapters, each adapter comprising further nucleotide
sequence identifiers selected from the group of nucleotide sequence identifiers;
11. k) ligating the first adapter, to the (fragmented) amplicons;
12. 1) optionally, pooling at least part of the adapter ligated amplicons from step k);
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13. m) repeating the ligating step with the second and further adapters, each ligating step
followed, optionally, by pooling at least part of the obtained adapter ligated amplicons;
14. n) determining the sequence of the first, second, and optional further identifier

sequences of the adapter ligated amplicons obtained in step m) using high throughput
sequencing;
15. 0) determining the sample origin of the adapter ligated amplicons.

In this embodiment, each sample DNA is subjected to at least one PCR amplification reaction.
Multiple PCR reactions may be performed on each sample, for example for different target
sequences. These different amplicons of each sample may optionally be pooled. The NSIs in
this embodiment may be added in separate steps and after each step, at least part of the
adapter ligated amplicons may pooled.

[0047] In other embodiments, ligating adapters and amplifying are combined, wherein the
sample origin of a prepared sample DNA can be determined by determining 2-4 NSIs of a
prepared sample DNA.

[0048] In one embodiment, a method is provided for identifying the sample origin of amplified
adapter ligated DNA fragments from a plurality of sample DNAs comprising the steps of:

1. a) providing a plurality of sample DNAs;

2. b) providing a group of nucleotide sequence identifiers;

3. ¢) providing first adapters, each first adapter comprising a first nucleotide sequence
identifier selected from the group of nucleotide sequence identifiers;

4.d) providing second adapters, each second adapter optionally comprising a second
nucleotide sequence identifier selected from the group of nucleotide sequence
identifiers;

5. e) fragmenting each sample DNA;

6. f) ligating at least a first adapter and optionally a second adapter to the fragmented
sample DNA to give adapter ligated DNA fragments;

7. g) optionally, pooling at least part of the adapter ligated DNA fragments;

8. h) providing first amplification primers, each first primer comprising a third nucleotide
sequence identifier selected from the group of nucleotide sequence identifiers;

9. 1) optionally, providing second amplification primers, each second primer optionally
comprising a fourth nucleotide sequence identifier selected from the group of nucleotide
sequence identifiers;

10. j) amplifying the adapter ligated DNA fragments with a first amplification primer and
optionally a second amplification primer, wherein the combination of a first, optional
second, third and optional fourth NSI is unique for each sample, to give amplified
adapter ligated DNA fragments;

11. k) optionally, pooling at least part of the amplified adapter ligated DNA fragments;

12.1) determining the sequence of the first, optional second, third and optional fourth
identifier sequence of the amplified adapter ligated DNA fragments using high
throughput sequencing;

13. m) determining the sample origin of the amplified adapter ligated DNA fragments.
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A scheme of the sample preparation of a method of this embodiment is shown in figure 3. In
this scenario, adapter ligated fragments may be prepared as described above. Alternatively,
only one adapter may have been ligated to the fragments. The adapter(s) may comprise(s) in
addition to an NSI, a primer binding site that may be used in a subsequent amplification and
preferably a sequencing primer binding site. In the scenario where the same adapter is used
on either side of a fragment, the same ampilification primer may be used to amplify the adapter
ligated fragment. The primer binding site may also include (part of) the NSI. Alternatively,
(more) selective primers may be used that require additional (different) complementary
nucleotides to the internal sequence of the DNA fragment beyond the restriction recognition
site sequence of the internal sequence. The concept of selective primers is for example well
described in WO2006/137733, and the method of this embodiment may involve preparation of
sample DNA that uses such selective primers. For example, a primer is designed such that is
complementary to (part of) the adapter sequence and the internal sequence of the sample
DNA to which the adapter is ligated that comprises the restriction recognition site, and an
additional nucleotide. The additional nucleotide is the selective nucleotide that renders the
primer selective. On average, to one in four adapter ligated restriction fragments, the selective
primer may bind and have the 3'-end extended. The concept of selective primers is well known
from AFLP (EP 534858) as a complexity reduction method.

[0049] In any case, the end result is an amplified adapter ligated fragment, which may
comprise at least two NSls, or even 3 or 4 NSI. Including more NSIs may be advantageous as
this may reduce the number of NSIs even further. For example, wherein for 10,000 samples,
100 NSIs are required in a combination of two NSIs (100x100), 10 NSIs are required in a
combination of four NSlIs (10x10x10x10).

[0050] In one embodiment, a method is provided for identifying the sample origin of adapter
ligated amplicons comprising the steps of:

1. a) providing a plurality of sample DNAs;

2. b) providing a group of nucleotide sequence identifiers;

3. ¢) providing first amplification primers, each first primer comprising a first nucleotide
sequence identifier selected from the group of nucleotide sequence identifiers;

4. d) providing second amplification primers, each second primer optionally comprising a
second nucleotide sequence identifier selected from the group of nucleotide sequence
identifiers;

5. e) amplifying each sample DNA with a pair of a first and second amplification primer to
give amplicons;

6. f) optionally, pooling at least part of the amplicons of sample DNAs each amplified with a
different primer pair;

7. g) optionally, fragmenting the amplicons;

8. h) providing first adapters, each first adapter comprising a third nucleotide sequence
identifier selected from the group of nucleotide sequence identifiers;

9. i) optionally, providing second adapters, each second adapter comprising optionally a
fourth nucleotide sequence identifier selected from the group of nucleotide sequence
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identifiers;

10. j) ligating at least a first adapter and optionally a second adapter to the (fragmented)
amplicons, wherein the combination of a first, optional second, third and optional fourth
nucleotide sequence identifier is unique for each sample, to give adapter ligated
amplicons;

11. k) optionally, pooling at least part of the adapter ligated amplicons;

12.1) determining the sequence of the first, optional second, third and optional fourth
identifier sequences of the adapter ligated amplicons using high throughput sequencing;

13. m) determining the sample origin of the adapter ligated amplicons.

A scheme of the sample preparation of a method of this embodiment shown in figure 4. In this
scenario, a sample DNA may be subjected to amplification as described above, wherein now at
least one of the primers comprises a NSI. The amplicon may be used directly (with or without
polishing), and an adapter may be ligated to the amplicon. In this scenario, the adapter ligated
amplicon will comprise on either end the same adapter. This adapter ligated amplicon may be
subjected to further fragmentation and adapter ligation to a second adapter to obtain adapter
ligated amplicons that have two different adapters. Alternatively, an amplicon may be subjected
to a fragmenting step that results in fragments with two different ends that are compatible with
two different adapters. In any case, an adapter ligated amplicon is formed which comprises 2-4
NSls.

[0051] In one embodiment, in a method according to any of the methods as described above,
in the step of determining the sequence of the identifier sequences using high throughput
sequencing, the sequence of the identifier sequences is determined from a single DNA
template of the prepared sample DNA. It is understood that the prepared sample DNA in the
methods above comprises amplicons, adapter ligated fragments, adapter ligated amplicons
and/or amplified adapter ligated fragments.

[0052] In one embodiment, in the single DNA template, the first second and optional further
identifier sequences are at least 3' or 5' of an internal sequence. Of the prepared sample DNA,
from which the sequence identifier sequences are determined from a single DNA template of
the prepared sample DNA, the combination of identifier sequences required to uniquely identify
the sample origin is at least either 3' or 5' of the internal sequence. A DNA sequencing
template can thus be prepared which will have the identifier sequences flanked by the
sequence primer binding site and the internal sequence. For example, the 3' end of such a
DNA sequencing template may be represented by the following scheme: '3-SEQ1-NSI4-NSI3-
NSI2-NS11-1S - (etc.). This way, when the sequence of the template is determined, all the
sequence identifiers are determined first. Such DNA templates may be generated by only
adding sequence identifiers on one end of the internal sequence. For example, by adding
adapters to only one end of a DNA fragment, and/or by using asymmetric adapters, or by using
amplification primer sets wherein only one primer comprises a sequence identifier.
Alternatively, adapters and/or amplification primers may be added to both §' and 3' end of the
DNA fragment, such that at both ends all the sequence identifiers are located. Such a DNA
template may be represented by the following scheme "3-SEQ1-NSI4-NSI3-NSI2-NS1I-IS -
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NSI1-NSI2-NSI3-NSI4-5'. Combinations of these different strategies are also possible, having
in one or more separate steps an NSI added to both ends of the IS and to only one end. Such
a DNA template may be represented by the following scheme "'3-SEQ1-NSI2-NSI1-IS-NSI1-5'".
As long as a strategy is used wherein a DNA template is generated in which a unique
combination of sequence identifiers is flanked by the sequence primer binding site and the
internal sequence, such a DNA template will suffice. Thus, different combinations of
amplification primers and/or adapters with and without nucleotide sequence identifiers can be
used. For example, as shown in examples 3 and 4, when NSI2 and NSI4, which are optional,
would correspond to NSI1 and NS3, suitable DNA templates are generated (i.e. it would still
need to a sequence primer binding site, which may be added in a sample preparation for high
through put sequencing). Similarly, the NSI2 and NSI4 sequences may not be included. Also,
NSI2 may not be included, and the NSI4 corresponds to NS3, or NS12 may correspond to
NSI1 and NSI4 is not included. In this scenario, only one end of the DNA template may
comprise all of the NSIs. In a further embodiment, when the sequence of the identifier
sequences is determined from a single DNA template of the prepared sample DNA, the single
DNA template may comprise two sequencing primer binding sites, wherein each sequencing
primer binding site is located 3' of a different nucleotide sequence identifier, and wherein in the
high throughput sequencing method two different sequencing reactions are performed with two
sequencing primers from the two sequencing primer binding sites of the single DNA template.
The two different sequencing primer binding sites and corresponding 5' NSI or NSIs can be
flanking an internal sequence of a prepared sample DNA. A prepared sample DNA may be an
amplicon, adapter ligated fragment, adapter ligated amplicons and/or amplified adapter ligated
fragment as described above.

[0053] In one embodiment, the single DNA template comprises two sequencing primer binding
sites, wherein at least one sequencing primer binding site is located 3' of the at least two
nucleotide sequence identifiers, and wherein in the high throughput sequencing method two
different sequencing reactions are performed with two sequencing primers from the two
sequencing primer binding sites of the single DNA template.

[0054] In one embodiment, when the sequence of the identifier sequences is determined from
a single DNA template of the prepared sample DNA, the single DNA template may comprise
two sequencing primer binding sites, wherein each sequencing primer binding site is located 3'
of one or more nucleotide sequence identifiers, and wherein in the high throughput sequencing
method two different sequencing reactions are performed with two sequencing primers from
the two sequencing primer binding sites of the single DNA template. The two different
sequencing primer binding sites and corresponding 5' NSI or NSls can be flanking an internal
sequence of a prepared sample DNA. Each of the one or more nucleotide sequence identifiers
may be the same. Such a configuration may be represented as follows: '-3'-SEQ1-NS1-NS2-
IS-SEQ2-NS1-NS2-5'. This way, by sequencing from a single template both unique
combinations of unique identifiers are sequenced twice. Such a prepared sample DNA may be
an amplicon, adapter ligated fragment, adapter ligated amplicons and/or amplified adapter
ligated fragment as described above.
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[0055] In one embodiment, when the sequence of the identifier sequences is determined from
a single DNA template of the prepared sample DNA, the single DNA template may comprise
two sequencing primer binding sites, wherein one sequencing primer binding site is located 3'
of two or more nucleotide sequence identifiers, and wherein the other sequencing primer
binding site may be located adjacent to the internal sequence. In the high throughput
sequencing method two different sequencing reactions are performed with two sequencing
primers from the two sequencing primer binding sites of the single DNA template. The two
different sequencing primer binding sites and corresponding may be flanking an internal
sequence of a prepared sample DNA. Such a configuration may be represented schematically
as follows: '-3'-SEQ1-1S-SEQ2-NS1-NS2-5'. This way, by sequencing from a single template in
one sequencing run the internal sequence may be determined and in the other sequencing run
the unique combination of sequence identifiers may be determined.

Examples

Example 1

[0056] Below, two different applications for sample preparation with split barcodes are
exemplified,

1. 1) PCR amplification with two barcoded primers;

2. 2) Adaptor ligation to a sample digested with two restriction enzymes or a sample
digested with a single enzyme followed by adaptor ligation 1, followed by fragmentation
and blunting the fragmented ends, followed by adaptor ligation 2.

PCR amplification

[0057] A description is provided of the functional elements of a primer pair harboring split
barcodes (barcode 1 and barcode 2), which are determined by either paired-end sequencing
(A) or sequencing from the same strand with two priming events (B). A schematic view is
provided in figure 11. It is observed in figure 11A that the universal tail 1 (bold arrow) may be
the sequence primer site 1 (i.e. the primer site that is used in sequencing) and universal tail 2
(striped arrow) may be the sequence primer site 1 (i.e. the primer site that is used in
sequencing), examples are P5 and P7 primers respectively as used in lllumina GA paired end
sequencing. In Figure 11B the universal tail 1 (bold arrow) may be the sequence primer site 1
(i.e. the primer site that is used in sequencing) and universal tail 2 (striped arrow) may be the
sequence primer site 2 (i.e. the primer site that is used in sequencing), examples are P5 and
P7 primers respectively as used in llumina GA with two primer event from the same strand.
The concept can be used any method involving amplification with a pair of primers. Examples
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thereof are amplicon sequencing (e.g. detection of mutations, natural polymorphisms),
multiplexed SNP genotyping involving PCR primers such as KASP primers, Scorpions primers
etc.

Adaptor ligation

[0058] In a whole genome physical mapping experiment 480 different BAC pool samples were
combined. This would require 480 different EcoRI barcoded adaptors. This amount of adaptors
has been circumvented by using 80 EcoRI adaptors with 5 nt barcodes in combination with 6
Msel adaptors with 3 nt barcodes, which in combination generates 480 8-mer barcodes that
are unique. In this case, sequencing was performed by performing two sequence primers
events, as described in PCR amplification above and Figure 11B. In figure 12, the general
outline for the use of two barcoded adaptors is described in the context of lllumina GA
sequencing (using P5 and P7 amplification and sequence primer regions). Part A describes
sample preparation using two restriction enzymes to digest the DNA, while part B describes
sample preparation using a combination of a restriction enzyme and blunt-end adaptor ligation.
The concept can be used any method involving ligation of two adaptors, such as restriction
fragment sequencing, AFLP, RAD, WGP, whole genome sequencing, paired-end sequencing,
reduced representations sequencing etc.
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Patentkrayv

1. Fremgangsmade til identificering af preveoprindelsen af adapter-ligerede
og/eller amplificerede prgve-DNA'er omfattende trinnene:

a) at tilvejebringe en fegrste og en anden nukleotidsekvensidentifikator, hvor
hver nukleotidsekvensidentifikator er en nukleotidsekvens af mindst et nu-
kleotid;

b) at tilvejebringe adaptere og/eller amplifikationsprimere, hvor mindst en fgr-
ste adapter eller amplifikationsprimer omfatter den fgrste nukleotidse-
kvensidentifikator, og en anden adapter eller amplifikationsprimer omfatter den
anden nukleotidsekvensidentifikator, og hvor eventuelt yderligere adapter- el-
ler amplifikationsprimere er tilvejebragt omfattende en yderligere nukleotidse-
kvensidentifikator;

c) at tilvejebringe en flerhed af preve-DNA'er;

d) at udfgre ligering og/eller amplifikationsreaktioner pa preve-DNA'erne under
anvendelse af adapterne og/eller amplifikationsprimere, til tilvejebringelse af
adapter-ligerede og/eller amplificerede fremstillede template-DNA'er til hgj-
gennemlgbssekventering, hvor en fremstillet enkeltstrenget template-DNA
omfatter, ud over en sekvens, der indfanges og/eller amplificeres fra preve-
DNA'et, en unik kombination af den fgrste og den anden nukleotidse-
kvensidentifikator og et forste og et andet sekventeringsprimer-bindingssted,
og hvor det fgrste sekventeringsprimer-bindingssted befinder sig 3' fra den for-
ste nukleotidsekvensidentifikator, og det andet sekventeringsprimer-bindings-
sted befinder sig 3' fra den anden nukliotidsekvensidentifikator;

e) at bestemme mindst sekvensen af den ferste og den anden nukleotidse-
kvensidentifikator, hvor den ferste nukleotidsekvensidentifikatorsekvens be-
stemmes i en forste sekventeringsreaktion med hgjt gennemlgb under anven-
delse af en forste sekventeringsprimer, der hybridiserer til det forste sekven-
teringsprimer-bindingssted, og den anden nukleotidsekvensidentifikatorse-
kvens bestemmes i en anden sekventeringsreaktion med hgjt gennemlgb un-
der anvendelse af en anden sekventeringsprimer, der hybridiserer til det andet
sekventeringsprimer-bindingssted, og
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f) at bestemme, baseret pa den unikke kombination af den fgrste og den anden
nukleotidsekvensidentifikator, prgveoprindelsen af de adapter-ligerede og/el-
ler amplificerede prgve-DNA'er.

2. Fremgangsmade ifglge krav 1 til identificering af preveoprindelsen af ampli-
ficerede prove-DNA'er, hvor:

- i trin b), ferste og anden amplifikationsprimere tilvejebringes, idet hver farste
primer omfatter en fgrste nukleotidsekvensidentifikator, og hver anden primer
omfatter en anden nukleotidsekvensidentifikator;

- i trin d), hver preve-DNA amplificeres med et unikt par af en fgrste og anden
amplifikationsprimer til tilvejebringelse af amplificerede fremstillede template-
DNA'er; og

- fremgangsmaden eventuelt yderligere omfatter et trin med pooling af mindst
en del af de amplificerede fremstillede template-DNA'er efter trin d) og fer trin

e).

3. Fremgangsmade ifglge krav 1 til identificering af preveoprindelsen af adap-
ter-ligerede prgve-DNA'er, hvor:

- i trin b), f@rste og anden adaptere tilvejebringes, idet hver fgrste adapter om-
fatter en fgrste nukleotidsekvensidentifikator, og hver anden adapter en anden
nukleotidsekvensidentifikator;

- fremgangsmaden yderligere omfatter et trin med fragmentering af hver
prave-DNA efter trin ) og fer trin d);

- i trin d), et unikt par af en ferste og anden adapter ligeres til hver fragmente-
rede prgve-DNA til tilvejebringelse af adapter-ligerede template-DNA'er til hgj-
gennemlgbssekventering; og

- fremgangsmaden eventuelt yderligere omfatter et trin med pooling af mindst
en del af de adapter-ligerede template-DNA'er opnaet i trin d) fer trin e).

4. Fremgangsmade ifglge krav 1 til identificering af preveoprindelsen af ampli-
ficerede adapter-ligerede prgve-DNA'er, hvor:
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- i trin b), ferste, anden og eventuelt yderligere adaptere, og fgrste og anden
amplifikationsprimere tilvejebringes, idet hver fgrste adapter omfatter en fgrste
nukleotidsekvensidentifikator, hver anden adapter omfatter en anden nu-
kleotidsekvensidentifikator, og hver yderligere adapter omfatter en yderligere
nukleotidsekvensidentifikator;

- fremgangsmaden yderligere omfatter trinnet med at amplificere hver prgve-
DNA med et par af en fgrste og anden amplifikationsprimer til tilvejebringelse
af amplikoner fgr trin d);

- fremgangsmaden eventuelt yderligere omfatter et fragmenteringstrin efter
amplifikationstrinnet og far trin d);

- itrin d), den farste, anden og eventuelt yderligere adaptere ligeres til de even-
tuelt fragmenterede amplikoner til tilvejebringelse af amplificerede og adapter-
ligerede template-DNA'er til hgjgennemlgbssekventering; og

- fremgangsmaden eventuelt yderligere omfatter et pooling-trin i trin d) efter
ligering af den fgrste adapter og far ligering af den anden adapter.

5. Fremgangsmade ifglge krav 1 til identificering af preveoprindelsen af ampli-
ficerede adapter-ligerede prgve-DNA'er, hvor:

- i trin b), ferste adaptere, farste amplifikationsprimere og eventuelt anden
adaptere og/eller anden amplifikationsprimere tilvejebringes, idet hver fgrste
adapter omfatter en fgrste nukleotidsekvensidentifikator, og hver fgrste primer
omfatter en anden nukleotidsekvensidentifikator, idet hver eventuel anden
adapter omfatter en tredje nukleotidsekvensidentifikator, og hver eventuel an-
den amplifikationsprimer omfatter en fjerde nukleotidsekvensidentifikator;

- fremgangsmaden yderligere omfatter et trin med fragmentering af hver
prgve-DNA fgr trin d)

- i trin d), DNA-fragmenterne ligeres med mindst en fgrste adapter, og eventu-
elt med en anden adapter, til tilvejebringelse af adapter-ligerede DNA-frag-
menter, hvor adapter-ligerede DNA-fragment amplificeres med en fgrste am-
plifikationsprimer og en anden amplifikationsprimer til tilvejebringelse af ampli-
ficerede adapter-ligerede template-DNA'er til hgjgennemlgbssekventering; og

eventuelt
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- fremgangsmaden yderligere omfatter et trin med pooling af mindst en del af
de amplificerede adapter-ligerede template-DNA'er fgr trin e).

6. Fremgangsmade ifglge krav 1 til identificering af preveoprindelsen af adap-
ter-ligerede og amplificerede prgve-DNA'er, hvor:

- itrin b), f@rste og anden amplifikationsprimere og f@rste og eventuelle anden
adaptere tilvejebringes, idet hver fgrste primer omfatter en fgrste nukleotidse-
kvensidentifikator, idet hver forste adapter omfatter en anden nukleotidse-
kvensidentifikator, idet hver anden primer eventuelt omfatter en tredje nu-
kleotidsekvensidentifikator, og hver anden adapter omfatter en fijerde nu-
kleotidsekvensidentifikator;

- i trin d), hver prave-DNA er amplificeret med et par af en fgrste og anden
amplifikationsprimer til tilvejebringelse af amplikoner, hvor amplikonerne even-
tuelt er fragmenterede, og hvor de, eventuelt fragmenterede, amplikoner lige-
res med mindst en forste adapter og eventuelt en anden adapter til opnaelse
af adapter-ligerede og amplificerede template-DNAer til hgjgennemlgbsse-
kventering; og

- fremgangsmaden yderligere omfatter pooling af mindst en del af de adapter-
ligerede og amplificerede template-DNA'er for trin e).

7. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor den
enkeltstrengede template-DNA omfatter i en 3' til 5' retning af det ferste se-
kventeringsprimer-bindingssted, den fgrste nukleotidsekvensidentifikator, se-
kvensen, der indfanges og/eller amplificeres fra preave-DNA'et, det andet se-

kventeringsprimer-bindingssted og den anden nukleotidsekvensidentifikator.

8. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor der,
ud over den farste og anden nukleotidsekvensidentifikator, anvendes yderli-
gere nukleotidsekvensidentifikatorer til bestemmelse af pr@veoprindelsen af

den adapter-ligerede og/eller amplificerede prgve-DNA.
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9. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
identifikatoren ikke indeholder to pa hinanden felgende identiske baser.

10. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor to

identifikatorer er forskellige med mere end en nukleotid.

11. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor to
identifikatorer er forskellige med mere end to nukleotider og ikke indeholder to
pa hinanden fglgende identiske baser.
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