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DESCRIPTION

Field of the invention

[0001] This invention relates to a method for introducing mutations into one or more nucleic
acid molecule(s), a use of a low bias DNA polymerase in a method for introducing mutations
into one or more nucleic acid molecule(s).

Background of the invention

[0002] DNA polymerases can be used to introduce mutations into nucleic acid sequences. This
can be useful in multiple applications. For example mutagenesis techniques can be useful in
applications including sequencing assisted by mutagenesis (SAM) techniques and for
introducing mutations into protein sequences to find mutations that affect the activity of the
protein.

[0003] Mutations may be introduced using DNA polymerases that have low fidelity. Low fidelity
DNA polymerases make mistakes during replication that result in the introduction of mutations.
However, many low fidelity DNA polymerases only introduce mutations at a rate of less than
2% per mutation reaction (round of replication), and for some applications higher mutagenesis
rates are useful. In addition, low fidelity DNA polymerases may introduce mutations in a biased
manner. Such DNA polymerases can be referred to as high bias DNA polymerases.

[0004] Mutations may be introduced by replicating sequences, using DNA polymerases, in the
presence of nucleotide analogs such as dPTP. DNA polymerases may incorporate the
nucleotide analogs in place of a natural nucleotide. Then, in a subsequent cycle of replication,
the nucleotide analog can pair with a natural nucleotide that was not present in the original
sequence, thereby introducing a mutation. Introducing mutations by replicating sequences in
the presence of nucleotide analogs can be used to achieve higher mutations rates.

[00056] Commonly used DNA polymerases (such as Taq polymerase) can be used to
incorporate nucleotide analogs in place of a natural nucleotide. However, these polymerases
are high bias polymerases. High bias DNA polymerases may display two possible biases:
mutation bias and template amplification bias.

[0006] Some high bias polymerases have high mutation bias, as they do not mutate all four
natural nucleotides (adenine, cytosine, guanine and thymine) uniformly at random. For
example, high bias DNA polymerases may mutate some nucleotides with a greater frequency
than others. Adenine/thymine pairs are connected by two hydrogen bonds, whereas
guanine/cytosine pairs are connected by three hydrogen bonds. Thus, it is possible that high
bias DNA polymerases are more likely to introduce mutations into adenine/thymine pairs than
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guanine/cytosine pairs.

[0007] High bias polymerases, having high mutation bias, may fail to incorporate nucleotide
analogs randomly. For example, high bias polymerases may favour replacing certain bases
with nucleotide analogs. DPTP can interconvert between two different tautomeric forms, an
imino form and an amino form. The imino tautomer can form Watson-Crick base pairs with
adenine, whilst the amino form can form Watson-Crick base pairs with guanine (Kong Thoo Lin
P, Brown D M (1989). "Synthesis and duplex stability of oligonucleotides containing cytosine-
thymine analogues ". Nucleic Acids Research. 17: 10373-10383; Stone M J et al. (1991).
"Molecular basis for methoxyamine-initiated mutagenesis: 1H nuclear magnetic resonance
studies of base-modified oligodeoxynucleotides. " Journal of Molecular Biology. 222: 711-723;
Nedderman AN R et al. (1993). "Molecular basis for methoxyamine initiated mutagenesis: 1H
nuclear magnetic resonance studies of oligonucleotide duplexes containing base-modified
cytosine residues”. Journal of Molecular Biology. 230: 1068-1076; Moore M H et al. (1995).
"Direct observation of two base-pairing modes of a cytosine-thymine analogue with guanine in
a DNAZ-form duplex. Significance for base analogue mutagenesis". Journal of Molecular
Biology. 251: 665-673). This effectively means that replication in the presence of dPTPs can be
used to introduce substitutions in place of adenine, cytosine, guanine or thymine in a
nucleotide sequence. However, in aqueous solution, the ratio of the imino to amino forms of
dPTP has been shown to be around 10:1 (Harris V H et al. (2003). "The effect of tautomeric
constant on the specificity of nucleotide incorporation during DNA replication: support for the
rare tautomer hypothesis of substitution mutagenesis ". Journal of Molecular Biology. 326:
1389-1401). Accordingly, when a polymerase such as Taq polymerase is used to introduce
mutations using dPTP, it introduces substitutions of adenine and thymine much more
frequently than substitutions of guanine and cytosine (Zaccolo M et al. (1996). "An approach to
random mutagenesis of DNA using mixtures of triphosphate derivatives of nucleoside
analogues"”. Journal of Molecular Biology. 255: 5689-603; Harris V H et al. (2003). "The effect of
tautomeric constant on the specificity of nucleotide incorporation during DNA replication:
support for the rare tautomer hypothesis of substitution mutagenesis”. Journal of Molecular
Biology. 326: 1389-1401).

[0008] Secondly, high bias polymerases may demonstrate template amplification bias, i.e. they
may replicate some template nucleic acid molecules with a higher success rate per PCR cycle
than others. Over many cycles of PCR this bias can create extreme differences in copy number
amongst templates. Regions of a template nucleic acid molecule may form secondary
structures or may contain a higher proportion of some nucleotides (for example guanine or
cytosine nucleotides) than others. A high bias polymerase may be more effective to amplify, for
example, guanine and cytosine rich template nucleic acid molecules compared to adenine and
thymine rich template nucleic acid molecules, or may be more effective to amplify template
nucleic acid molecules that do not form secondary structures.

[0009] Many of the applications of mutagenesis are more effective if mutagenesis can be
performed with low bias (both mutation bias and template amplification).
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[0010] The accurate assembly of genome sequences has proven difficult as many second
generation sequencing platforms are only capable of sequencing short nucleic acid fragments,
and require the target nucleic acid sequences to be amplified during the sequencing process in
order to provide sufficient nucleic acid molecules for the sequencing step. If the user desires to
sequence a larger nucleic acid sequence, this can be achieved by sequencing regions of the
target nucleic acid molecules. The user must then computationally assemble the sequence of
the full nucleic acid sequence from the sequences of the regions.

[0011] Assembling a nucleic acid sequence using sequences of regions can be difficult. In
particular, where long regions of the sequences are very similar to one another it may be
difficult to determine whether sequences of two regions are both sequences of replicates of the
same original template nucleic acid molecule or correspond to sequences from two different
original template nucleic acid molecules. Similarly, it may be difficult to determine whether
sequences of two regions correspond to sequences of replicates of the same portion of a
template nucleic acid molecule, or actually correspond to two different repeats within the
template nucleic acid molecule. These difficulties can be circumvented by introducing
mutations into the target nucleic acid molecules prior to amplification. The user may then
identify that fragments having the same mutation patterns are likely to have originated from the
same portion of the same original template nucleic acid molecule. This type of sequencing
method is sometimes referred to as sequencing aided by mutagenesis (SAM).

[0012] Shen et al, DNA REPAIR PROTOCOLS. METHODS IN MOLECULAR BIOLOGY,
HUMANA PRESS, US, (20020101), vol. 192, ISBN 978-1-62703-541-5, pages 167 - 174
describes PCR approaches to DNA mutagenesis and recombination. Choi et al, NUCLEIC
ACIDS RESEARCH, (20160218), vol. 44, no. 3, doi:10.1093/nar/gkv1509, ISSN 0305-1048,
pages 1022 - 1035 describes that the use of modified and non-natural nucleotides provide
unique insights into pro-mutagenic replication catalyzed by polymerase eta. Masayasu et al,
MOLECULES, (20101112), vol. 15, no. 11, doi:10.3390/molecules15118229, pages 8229 -
8240 describes a study on suitability of KOD DNA Polymerase for enzymatic production of
artificial nucleic acids using base/sugar modified nucleoside triphosphates. Petrie et al,
NUCLEIC ACIDS RESEARCH, (201012), vol. 38, no. 22, pages 8095 - 8104 describes deep
sequencing analysis of mutations resulting from the incorporation of dNTP analogs.
Elshawadfy et al FRONTIERS IN MICROBIOLOGY, (20140527), vol. 5 is directed to DNA
polymerase hybrids derived from the family-B enzymes of Pyrococcus furiosus and
Thermococcus kodakarensis: improving performance in the polymerase chain reaction.
Yamashita et al, MOLECULAR BIOTECHNOLOGY, HUMANA PRESS, BOSTON, vol. 59, no. 6,
doi:10.1007/S12033-017-0008-9, ISSN 1073-6085, (20170508), pages 221 - 233 is directed to
the characterization of recombinant Thermococcus kodakaraensis (KOD) DNA polymerases
produced using silkkworm-baculovirus expression vector system.

Summary of the Invention

[0013] The sequencing methods described above are more effective when the mutations that
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are introduced into the target nucleic acid molecules are uniformly random. If the mutations are
uniformly random, then the likelihood, for example, that any given portion of a template nucleic
acid molecule would have a unique mutation pattern is higher. Thus, there is a need for the
identification of DNA polymerases that are able to introduce mutations uniformly at random
(have low mutation bias).

[0014] In addition, sequencing methods using DNA polymerases having high template
amplification bias may be limited. DNA polymerases having high template amplification bias will
replicate and/or mutate some target nucleic acid molecules better than others, and so a
sequencing method that uses such a high bias DNA polymerase may not be able to sequence
some target nucleic acid molecules well.

[0015] The present inventors have identified polymerases that are low bias polymerases (have
both low template amplification bias and low mutation bias), and so are particularly useful in a
method for introducing mutations into at least one target nucleic acid molecule.

[0016] The user may wish to use the methods of the invention on more than one sample at
once. In such cases, it would be advantageous for the user to be able to identify which target
nucleic acid molecule came from which original sample. Such identification could be achieved
by labelling the target nucleic acid molecules with sample tags. However, the sample tags may,
themselves, be mutated during the method and so the present inventors have determined how
to design sample tags that can be distinguished from one another even if they are mutated.

[0017] The user may also wish to ensure that the methods of the invention are used to mutate
and amplify long target nucleic acid molecules in preference compared to short nucleic acid
molecules. The present inventors have found that this can be achieved by introducing special
primer binding sites into each end of the target nucleic acid molecules.

[0018] Thus, in a first aspect of the invention, there is provided a method for introducing
substitution mutations into at least one target DNA molecule comprising:

1. a. providing at least one sample comprising at least one target DNA molecule; and
2. b. amplifying the at least one target DNA molecule using a low bias high fidelity DNA
polymerase having low template amplification bias;

wherein the step of amplifying the at least one target DNA molecule is carried out in the
presence of a nucleotide analog and comprises at least 2 rounds of replicating the at least one
target DNA molecule, wherein in a first round of replication the DNA polymerase incorporates
the nucleotide analog in place of a nucleotide and in a second round of replication, the
nucleotide analog pairs with a natural nucleotide to introduce a substitution mutation in the
complementary strand.

[0019] In a second aspect of the invention, there is provided a use of a low bias high fidelity
DNA polymerase having low template amplification bias in a method for introducing mutations
into at least one target DNA molecule, wherein the method comprises:
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1. a. providing at least one sample comprising at least one target DNA molecule; and
2. b. amplifying the at least one target DNA molecule using the DNA polymerase;

wherein the step of amplifying the at least one target DNA molecule is carried out in the
presence of a nucleotide analog and comprises at least 2 rounds of replicating the at least one
target DNA molecule, wherein in a first round of replication the DNA polymerase incorporates
the nucleotide analog in place of a nucleotide and in a second round of replication, the
nucleotide analog pairs with a natural nucleotide to introduce a substitution mutation in the
complementary strand.

[0020] In a third aspect of the invention, there is provided a method for determining a
sequence of at least one target DNA molecule comprising steps of:

1. a. performing the methods of the invention to provide at least one mutated target DNA
molecule;

2.b. optionally fragmenting and/or amplifying the at least one mutated target DNA
molecule to provide at least one fragmented and/or amplified mutated target DNA
molecule;

3. ¢. sequencing regions of the at least one mutated target DNA molecule of the at least
one fragmented and/or amplified mutated target DNA molecule to provide mutated
sequence reads; and

4.d. assembling a sequence for at least a portion of the at least one target DNA molecule
using the mutated sequence reads.

[0021] In a fourth aspect of the invention, there is provided a method for engineering a protein
comprising steps of:

1. a. performing the methods of the invention to provide at least one mutated target DNA
molecule;
2. b. inserting the at least one mutated target DNA molecule into a vector; and
3. ¢c. expressing a protein encoded by the at least one mutated target DNA molecule;
optionally wherein:
1. i) the method comprises steps of:

1.a. amplifying the at least one target DNA molecule comprising the
nucleotide analog in the absence of the nucleotide analog to provide at
least one mutated target DNA molecule;

2. b. inserting the at least one mutated target DNA molecule into a vector; and.

3. c. expressing a protein encoded by the at least one mutated target DNA
molecule; and/or

2.ii) the method further comprises a step of testing the activity or assessing the
structure of the protein encoded by the at least one mutated target DNA molecule;
and/or

3. iii) the vector is a plasmid, a virus, a cosmid, or an artificial chromosome; and/or
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4.iv) the step of expressing a protein encoded by the at least one mutated target
DNA molecule is achieved by transforming bacterial cells, transfecting eukaryotic
cells or transducing eukaryotic cells with the vector.

Brief description of the Figures

[0022]

Figure 1 shows the level of mutation achieved with three different polymerases in the presence
or absence of dPTP. Panel A shows data obtained using Taq (Jena Biosciences), panel B
shows data obtained using LongAmp (New England Biolabs) and panel C shows data using
Primestar GXL (Takara). The dark grey bars show the results obtained in the absence of dPTP
and the pale grey bars show the results obtained in the presence of 0.5 mM dPTP.

Figure 2 describes the mutation rates obtained obtained by dPTP mutagenesis using a
Thermococcus polymerase (Primestar GXL; Takara) on templates with diverse G+C content.
The median observed rate of mutations was ~7% for low GC templates from S. aureus (33%
GC), while the median for other templates was about 8%.

Figure 3 is a sequence listing.

Figure 4 depicts self annealing of nucleic acid molecules when a first primer binding site and a
second primer binding site that anneal to one another are used.

Figure 6 depicts the sizes of target nucleic acid molecules amplified using adapters that anneal
to one another (right line) or using standard adapters (left line).

Figure 7 provides a pictorial representation of mutation using the nucleotide analog dPTP
(referred to as "P" in Figure 7).

Detailed Description of the Invention

General definitions

[0023] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by a person skilled in the art to which this invention
belongs.

[0024] In general, the term "comprising” is intended to mean including, but not limited to. For
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example, the phrase "a method for introducing mutations into at least one target nucleic acid
molecule comprising” certain steps should be interpreted to mean that the method includes the
recited steps, but that additional steps may be performed.

[0025] In some embodiments of the invention, the word "comprising” is replaced with the
phrase “consisting of. The term “consisting of' is intended to be limiting. For example, the
phrase "a method for introducing mutations into at least one target nucleic acid molecule
consisting of' certain steps should be understood to mean that the method includes the recited
steps, and that no additional steps are performed.

[0026] For the purpose of this invention, in order to determine the percent identity of two
sequences (such as two polynucleotide sequences), the sequences are aligned for optimal
comparison purposes (e.g., gaps can be introduced in a first sequence for optimal alignment
with a second sequence). The nucleotide or amino acid residues at each of the positions are
then compared. When a position in the first sequence is occupied by the same residue as the
corresponding position in the second sequence, then the residues are identical at that position.
The percent identity between the two sequences is a function of the number of identical
positions shared by the sequences (i.e., % identity = number of identical positions/total number
of positions x 100). Typically the sequence comparison is carried out over the length of the
reference sequence. For example, to assess whether a test sequence is at least 95% identical
to SEQ ID NO. 2 (the reference sequence), the skilled person would carry out an alignment
over the length of SEQ ID NO. 2, and identify how many positions in the test sequence were
identical to those of SEQ ID NO. 2. If at least 80% of the positions are identical, the test
sequence is at least 80% identical to SEQ ID NO .2. If the sequence is shorter than SEQ ID
NO. 2, the gaps should be considered to be non-identical positions.

[0027] The skilled person is aware of different computer programs that are available to
determine the homology or identity between two sequences. For instance, a comparison of
sequences and determination of percent identity between two sequences can be accomplished
using a mathematical algorithm. In an embodiment, the percent identity between two amino
acid or nucleic acid sequences is determined using the Needleman and Wunsch (1970)
algorithm which has been incorporated into the GAP program in the Accelrys GCG software
package (available at http://www.accelrys.com/products/gcg/), using either a Blosum 62 matrix
or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2,
3,4,5, or6.

A method for introducing mutations into at least one target nucleic acid molecule

[0028] In one aspect, the invention provides a method for introducing mutations into at least
one target nucleic acid molecule. In a further aspect, the invention provides a use of a low bias
DNA polymerase in a method for introducing mutations into at least one target nucleic acid
molecule.
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[0029] The mutations may be substitution mutations, insertion mutations or deletion mutations.
For the purposes of the present invention, the term “substitution mutation” should be
interpreted to mean that a nucleotide is replaced with a different nucleotide. For example, the
conversion of the sequence ATCC to the sequence AGCC is a substitution mutation. For the
purposes of the present invention, the term “insertion mutation” should be interpreted to mean
that at least one nucleotide is added to a sequence. For example, conversion of the sequence
ATCC to the sequence ATTCC is an example of an insertion mutation (with an additional T
nucleotide being inserted). For the purposes of the present invention, the term "deletion
mutation" should be interpreted to mean that at least one nucleotide is removed from a
sequence. For example, conversion of the sequence ATTCC to ATCC is an example of a
deletion mutation (with a T nucleotide being removed). Preferably the mutations are
substitution mutations.

[0030] For the purposes of the present invention, a "nucleic acid molecule” refers to a
polymeric form of nucleotides of any length. The nucleotides may be deoxyribonucleotides,
ribonucleotides or analogs thereof. In the methods and uses of the invention, the target nucleic
acid molecule is made up of deoxyribonucleotides, i.e. the target nucleic acid molecule is a
DNA molecule. Thus, for the purpose of the present invention, references to "target nucleic
acid molecule" can be considered to refer to a "target DNA molecule”.

[0031] The at least one "target nucleic acid molecule” can be any nucleic acid molecule into
which the user of the method would like to introduce mutations. The target nucleic acid
molecule may form part of a larger nucleic acid molecule such as a chromosome. The target
nucleic acid molecule may comprise a gene, multiple genes or a fragment of a gene. The
target nucleic acid molecule may be greater than 1 kbp, greater than 1.5 kbp, greater than 2
kbp, greater than 4 kbp, greater than 5 kbp, greater than 7 kbp, greater than 8 kbp, between 1
kbp and 50 kbp, or between 1 kbp and 20 kbp in size.

[0032] The term "at least one target nucleic acid molecule " is considered to be
interchangeable with the term “af least one target nucleic acid molecules”.

[0033] The "at least one target nucleic acid molecule” can be single stranded, or may be part
of a double stranded complex. The at least one target nucleic acid molecule is made up of
deoxyribonucleotides, and so it may form part of a double stranded DNA complex. In which
case, one strand (for example the coding strand) will be considered to be the at least one
target nucleic acid molecule, and the other strand is a nucleic acid molecule that is
complementary to the at least one target nucleic acid molecule.

[0034] The method for introducing mutations into at least one target nucleic acid molecule may
comprise:

1. a. providing at least one sample comprising at least one target nucleic acid molecule;
and
2. b. amplifying the at least one target nucleic acid molecule using a low bias DNA
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polymerase.

Providing at least one sample comprising at least one target nucleic acid molecule

[0035] The method for introducing mutations into at least one target nucleic acid molecule may
comprise a step of providing at least one sample comprising at least one target nucleic acid
molecule.

[0036] The at least one sample may comprise any sample that comprises at least one target
nucleic acid molecule. The at least one sample may be obtained from any source. For
example, the at least one sample may comprise a sample of nucleic acids derived from a
human, for example a sample extracted from a skin swab of a human patient.

[0037] Alternatively, the at least one sample may be derived from other sources such as a
sample from a water supply. Such a sample could contain billions of template nucleic acid
molecules. It would be possible to mutate each of these billions of target nucleic acid molecules
simultaneously using the methods of the invention, and so there is no upper limit on the
number of target nucleic acid molecules which could be used in the methods of the invention.

[0038] In an embodiment, step a. comprises providing more than one sample. For example,
step a. may comprise providing 2, 3,4, 5,6,7, 8,9, 10, 11, 15, 20, 25, 50, 75, or 100 samples.
Optionally, step a. comprises providing less than 2000, less than 1000, less than 750, or less
than 500 samples. In a further embodiment, step a. comprises providing between 2 and 100,
between 2 and 75, between 2 and 50, between 2 and 25, between 5 and 15, or between 7 and
15 samples.

Amplifying the at least one target nucleic acid molecule using a low bias DNA
polymerase

[0039] The methods of the invention comprise amplifying the at least one target nucleic acid
molecule using a low bias DNA polymerase.

[0040] Amplifying the at least one target nucleic acid molecule refers to replicating the at least
one target nucleic acid molecule to provide at least one nucleic acid molecule that is
complementary to the at least one target nucleic acid molecule and/or replicates of the at least
one target nucleic acid molecule. Amplifying the at least one target nucleic acid molecule using
a low bias DNA polymerase, increases the number of replicates of the at least one target
nucleic acid molecule, and introduces mutations into the at least one target nucleic acid
molecule. Since mutations are introduced, the replicates are not necessarily identical to the
original at least one target nucleic acid molecule. The original at least one target nucleic acid
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molecule and the replicates of the at least one target nucleic acid molecule may be referred to
collectively as "at least one mutated target nucleic acid molecule”.

[0041] For example, amplifying the at least one target nucleic acid molecule using a low bias
DNA polymerase may comprise incubating the sample comprising the at least one target
nucleic acid molecule with the low bias DNA polymerase and suitable primers under conditions
suitable for the low bias DNA polymerase to catalyse the generation of replicates of the at least
one target nucleic acid molecule.

[0042] Suitable primers comprise short nucleic acid molecules complementary to regions
flanking the at least one target nucleic acid molecules or to regions flanking nucleic acid
molecules that are complementary to the at least one target nucleic acid molecule. For
example, if the target nucleic acid molecule is part of a chromosome, the primers may be
complementary to regions of the chromosome immediately 3' to the 3' end of the target nucleic
acid molecule and nucleic acid molecules complementary to regions immediately 5' to the &'
end of the target nucleic acid molecule, or the primers will be complementary to regions of the
chromosome immediately 3' to the 3' end of a nucleic acid molecule complementary to the
target nucleic acid molecule and nucleic acid molecules complementary to regions immediately
5' to the 5' end of a nucleic acid molecule complementary to the target nucleic acid molecule.
Alternatively, the user may introduce primer binding sites (short nucleic acid sequences) into
regions flanking the at least one target nucleic acid molecules. This is described in more detail
in the section entitled "barcodes, samples and adapters”.

[0043] Suitable conditions include a temperature at which the low bias DNA polymerase can
catalyse the generation of replicates of the at least one target nucleic acid molecule. For
example, a temperature of between 40°C and 90°C, between 50°C and 80°C, between 60°C
and 70°C, or around 68°C may be used.

[0044] The step of amplifying the at least one target nucleic acid molecule comprises multiple
rounds of replication. For example, the step of amplifying the at least one target nucleic acid
molecule comprises:

1.1) a round of replicating the at least one target nucleic acid molecule to provide at least
one nucleic acid molecule that is complementary to the at least one target nucleic acid
molecule; and

2.ii) a round of replicating the at least one target nucleic acid molecule to provide
replicates of the at least one target nucleic acid molecule.

[0045] Optionally, the step of amplifying the at least one target nucleic acid molecule
comprises at least 4, at least 6, at least 8, or at least 10 rounds of replicating the at least one
target nucleic acid molecule. Some of these rounds of replicating the at least one target nucleic
acid molecule take place in the presence of nucleotide analogs. Optionally, the step of
amplifying the at least one target nucleic acid molecule comprises at least 1, at least 2, at least
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3, at least 4, at least 5, or at least 6 rounds of replication at a temperature between 60°C and
80°C.

[0046] Optionally, the step of amplifying the at least one target nucleic acid molecule is carried
out using the polymerase chain reaction (PCR). PCR is a process that involves multiple rounds
of the following steps for replicating a nucleic acid molecule:

1. a) melting;

2. b) annealing;

3. ¢) extension; and
4. d) elongation.

[0047] The nucleic acid molecule (such as the at least one target nucleic acid molecule) is
mixed with suitable primers and a polymerase, such as a low bias DNA polymerase of the
invention. In the melting step, the nucleic acid molecule is heated to a temperature above 90°C
such that a double-stranded nucleic acid molecule will denature (separate into two strands). In
the annealing step, the nucleic acid molecule is cooled to a temperature below 75°C, for
example between 55°C and 70°C, around 55°C, or around 68°C to allow the primers to anneal
to the nucleic acid molecule. In the extension step, the nucleic acid molecule is heated to a
temperature greater than 60°C to allow the DNA polymerase to catalyse primer extension, the
addition of nucleotides complementary to the template strand. In the elongation step, the
nucleic acid molecule is heated to a temperature at which the DNA polymerase has high
activity, such as a temperature between 60°C and 70°C, to catalyse addition of further
complementary nucleic acids in order to complete the new nucleic acid strand.

[0048] Optionally, the method of the invention comprises multiple rounds of PCR using the low
bias DNA polymerase.

The low bias DNA polymerase

[0049] The methods of the invention comprise a step of amplifying the at least one target
nucleic acid molecule using a low bias DNA polymerase. As discussed below, the low bias DNA
polymerase used in the methods and uses of the invention is a low bias high fidelity DNA
polymerase, and so references to the "low bias DNA polymerase"” can be considered to be
references to a "low bias high fidelity DNA polymerase”.

[0050] According to the present invention, a "low bias DNA polymerase” is a DNA polymerase
that (a) exhibits low mutation bias, and/or (b) exhibits low template amplification bias. The low
bias DNA polymerase used in the methods and uses of the invention has low template
amplification bias.

Low mutation bias
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[0051] A low bias DNA polymerase that exhibits low mutation bias is a DNA polymerase that is
able to mutate adenine and thymine, adenine and guanine, adenine and cytosine, thymine and
guanine, thymine and cytosine, or guanine and cytosine at similar rates. In an embodiment, the
low bias DNA polymerase is able to mutate adenine, thymine, guanine, and cytosine at similar
rates.

[0052] Optionally, the low bias DNA polymerase is able to mutate adenine and thymine,
adenine and guanine, adenine and cytosine, thymine and guanine, thymine and cytosine, or
guanine and cytosine at a rate ratio of 0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3, 0.8-
1.2:0.8-1.2, or around 1:1 respectively. Preferably, the low bias DNA polymerase is able to
mutate guanine and adenine at a rate ratio of 0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3,
0.8-1.2:0.8-1.2, or around 1:1 respectively. Preferably, the low bias DNA polymerase is able to
mutate thymine and cytosine at a rate ratio of 0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3,
0.8-1.2:0.8-1.2, or around 1:1 respectively.

[0053] In such embodiments, in a step of amplifying the at least one target nucleic acid
molecule using a low bias DNA polymerase, the DNA polymerase mutates adenine and
thymine, adenine and guanine, adenine and cytosine, thymine and guanine, thymine and
cytosine, or guanine and cytosine nucleotides in the at least one target nucleic acid molecule at
a rate ratio of 0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3, 0.8-1.2:0.8-1.2, or around 1:1
respectively. Preferably, the low bias DNA polymerase mutates guanine and adenine
nucleotides in the at least one target nucleic acid molecule at a rate ratio of 0.5-1.5:0.5-1.5,
0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3, 0.8-1.2:0.8-1.2, or around 1:1 respectively. Preferably, the low
bias DNA polymerase mutates thymine and cytosine nucleotides in the at least one target
nucleic acid molecule at a rate ratio of 0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3, 0.8-
1.2:0.8-1.2, or around 1:1 respectively.

[0054] Optionally, the low bias DNA polymerase is able to mutate adenine, thymine, guanine,
and cytosine at a rate ratio of 0.5-1.5:0.5-1.5:0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4:0.6-1.4:0.6-1.4,
0.7-1.3:0.7-1.3:0.7-1.3:0.7-1.3, 0.8-1.2:0.8-1.2:0.8-1.2:0.8-1.2, or around 1:1:1:1 respectively.
Preferably, the low bias DNA polymerase is able to mutate adenine, thymine, guanine and
cytosine at a rate ratio of 0.7-1.3:0.7-1.3:0.7-1.3:0.7-1.3.

[0055] In such embodiments, in a step of amplifying the at least one target nucleic acid
molecule using a low bias DNA polymerase, the DNA polymerase may mutate adenine,
thymine, guanine, and cytosine nucleotides in the at least one target nucleic acid molecule at a
rate ratio of 0.5-1.5:0.5-1.5:0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4:0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3:0.7-
1.3:0.7-1.3, 0.8-1.2:0.8-1.2:0.8-1.2:0.8-1.2, or around 1:1:1:1 respectively. Preferably, the low
bias DNA polymerase mutates adenine, thymine, guanine, and cytosine nucleotides in the at
least one target nucleic acid molecule at a rate ratio of 0.7-1.3:0.7-1.3:0.7-1.3:0.7-1.3.
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[0056] The adenine, thymine, cytosine, and/or guanine may be substituted with another
nucleotide. For example, if the low bias DNA polymerase is able to mutate adenine, amplifying
the at least one target nucleic acid molecule in the presence of the low bias DNA polymerase
may substitute at least one adenine nucleotide in the nucleic acid molecule with thymine,
guanine, or cytosine. Similarly, if the low bias DNA polymerase is able to mutate thymine,
amplifying the at least one target nucleic acid molecule in the presence of the low bias DNA
polymerase may substitute at least one thymine nucleotide with adenine, guanine, or cytosine.
If the low bias DNA polymerase is able to mutate guanine, amplifying the at least one target
nucleotide in the presence of the low bias DNA polymerase may substitute at least one
guanine nucleotide with thymine, adenine, or cytosine. If the low bias DNA polymerase is able
to mutate cytosine, amplifying the at least one target nucleotide in the presence of the low bias
DNA polymerase may substitute at least one cytosine nucleotide with thymine, guanine, or
adenine.

[0057] The low bias DNA polymerase may not be able to substitute a nucleotide directly, but it
may still be able to mutate that nucleotide by replacing the corresponding nucleotide on the
complementary strand. For example, if the target nucleic acid molecule comprises thymine,
there will be an adenine nucleotide present in the corresponding position of the at least one
nucleic acid molecule that is complementary to the at least one target nucleic acid molecule.
The low bias DNA polymerase may be able to replace the adenine nucleotide of the at least
one nucleic acid molecule that is complementary to the at least one target nucleic acid
molecule with a guanine and so, when the at least one nucleic acid molecule that is
complementary to the at least one target nucleic acid molecule is replicated, this will result in a
cytosine being present in the corresponding replicated at least one target nucleic acid molecule
where there was originally a thymine (a thymine to cytosine substitution).

[0058] In an embodiment, the low bias DNA polymerase mutates between 1% and 15%,
between 2% and 10%, or around 8% of the nucleotides in the at least one target nucleic acid.
In such embodiments, the step of amplifying the at least one target nucleic acid molecule using
a low bias DNA polymerase is carried out in such a way that between 1% and 15%, between
2% and 10%, or around 8% of the nucleotides in the at least one target nucleic acid are
mutated. For example, if the user wishes to mutate around 8% of the nucleotides in the target
nucleic acid molecule, and the low bias DNA polymerase mutates around 1% of the nucleotides
per round of replication, the step of amplifying the at least one target nucleic acid molecule
using a low bias DNA polymerase may comprise 8 rounds of replication.

[0059] In an embodiment, the low bias DNA polymerase is able to mutate between 0% and
3%, between 0% and 2%, between 0.1% and 5%, between 0.2% and 3%, or around 1.5% of
the nucleotides in the at least one target nucleic acid molecule per round of replication. In an
embodiment, the low bias DNA polymerase mutates between 0% and 3%, between 0% and
2%, between 0.1% and 5%, between 0.2% and 3%, or around 1.5% of the nucleotides in the at
least one target nucleic acid molecule per round of replication. The actual amount of mutation
that takes place each round may vary, but may average to between 0% and 3%, between 0%
and 2%, between 0.1% and 5%, between 0.2% and 3%, or around 1.5%.
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Whether a DNA polymerase is able to mutate a nucleotide and, if so, at what rate

[0060] Whether the low bias DNA polymerase is able to mutate a certain percentage of the
nucleotides in the at least one target nucleic acid molecule per round of replication can be
determined by amplifying a nucleic acid molecule of known sequence in the presence of the
low bias DNA polymerase for a set number of rounds of replication. The resulting amplified
nucleic acid molecule can then be sequenced, and the percentage of nucleotides that are
mutated per round of replication calculated. For example, the nucleic acid molecule of known
sequence can be amplified using 10 rounds of PCR in the presence of the low bias DNA
polymerase. The resulting nucleic acid molecule can then be sequenced. If the resulting
nucleic acid molecule comprises 10% nucleotides that are different in corresponding
nucleotides in the original known sequence, then the user would understand that the low bias
DNA polymerase is able to mutate 1% of the nucleotides in the at least one target nucleic acid
molecule on average per round of replication. Similarly, to see whether the low bias DNA
polymerase mutates a certain percentage of the nucleotides in the at least one target nucleic
acid molecule in a given method, the user could perform the method on a nucleic acid
molecule of known sequence and use sequencing to determine the percentage of nucleotides
that are mutated once the method is completed.

[0061] The low bias DNA polymerase is able to mutate a nucleotide such as adenine, if, when
used to amplify a nucleic acid molecule, it provides a nucleic acid molecule in which some
instances of that nucleotide are substituted or deleted. Preferably, the term "mutate” refers to
introduction of substitution mutations, and in some embodiments the term "mutfate” can be
replaced with “introduces substitutions of.

[0062] The low bias DNA polymerase mutates a nucleotide such as adenine in at least one
target nucleic acid molecule in the method of the invention if, when the step of amplifying the at
least one target nucleic acid molecule using a low bias DNA polymerase is carried out, this step
results in a mutated at least one target nucleic acid molecule in which some instances of that
nucleotide are mutated. For example, if the low bias DNA polymerase mutates adenine in the
at least one target nucleic acid molecule, when the step of amplifying the at least one target
nucleic acid molecule using a low bias DNA polymerase is carried out, this step results in a
mutated at least one target nucleic acid molecule in which at least one adenine has been
substituted or deleted.

[0063] To determine whether a DNA polymerase is able to introduce certain mutations, the
skilled person merely needs to test the DNA polymerase using a nucleic acid molecule of
known sequence. A suitable nucleic acid molecule of known sequence is a fragment from a
bacterial genome of known sequence, such as E.coli MG1655. The skilled person could
amplify the nucleic acid molecule of known sequence using PCR in the presence of the low
bias DNA polymerase. The skilled person could then sequence the amplified nucleic acid
molecule and determine whether its sequence is the same as the original known sequence. If
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not, the skilled person could determine the nature of the mutations. For example, if the skilled
person wished to determine whether a DNA polymerase is able to mutate adenine using a
nucleotide analog, the skilled person could amplify the nucleic acid molecule of known
sequence using PCR in the presence of the nucleotide analog, and sequence the resulting
amplified nucleic acid molecule. If the amplified DNA has mutations in positions corresponding
to adenine nucleotides in the known sequence, then the skilled person would know that the
DNA polymerase could mutate adenine using a nucleotide analog.

[0064] Rate ratios can be calculated in a similar manner. For example, if the skilled person
wishes to determine the rate ratio at which guanine and cytosine nucleotides are mutated, the
skilled person could amplify a nucleic acid molecule having a known sequence using PCR in
the presence of the low bias DNA polymerase. The skilled person could then sequence the
resulting amplified nucleic acid molecule and identify how many of the guanine nucleotides
have been substituted or deleted and how many of the cytosine nucleotides have been
substituted or deleted. The rate ratio is the ratio of the number of guanine nucleotides that
have been substituted or deleted to the number of cytosine nucleotides that have been
substituted or deleted. For example, if 16 guanine nucleotides have been replaced or deleted
and 8 cytosine nucleotides have been replaced or deleted, the guanine and cytosine
nucleotides have been mutated at a rate ratio of 16:8 or 2:1 respectively.

Using nucleotide analogs

[0065] The low bias DNA polymerase may not be able to replace nucleotides with other
nucleotides directly (at least not with high frequency), but the low bias DNA polymerase may
still be able to mutate a nucleic acid molecule using a nucleotide analog. The low bias DNA
polymerase may be able to replace nucleotides with other natural nucleotides (i.e. cytosine,
guanine, adenine or thymine) or with nucleotide analogs.

[0066] The low bias DNA polymerase is a high fidelity DNA polymerase. High fidelity DNA
polymerases tend to introduce very few mutations in general, as they are highly accurate.
However, the present inventors have found that some high fidelity DNA polymerases may still
be able to mutate a target nucleic acid molecule, as they may be able to introduce nucleotide
analogs into a target nucleic acid molecule.

[0067] In an embodiment, in the absence of nucleotide analogs, the high fidelity DNA
polymerase introduces less than 0.01%, less than 0.0015%, less than 0.001%, between 0%
and 0.0015%, or between 0% and 0.001% mutations per round of replication.

[0068] The low bias DNA polymerase is able to incorporate nucleotide analogs into the at least
one target nucleic acid molecule. The low bias DNA polymerase incorporates nucleotide
analogs into the at least one target nucleic acid molecule. The low bias DNA polymerase can
mutate adenine, thymine, guanine, and/or cytosine using a nucleotide analog. The low bias
DNA polymerase mutates adenine, thymine, guanine, and/or cytosine in the at least one target
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nucleic acid molecule using a nucleotide analog. The DNA polymerase replaces guanine,
cytosine, adenine and/or thymine with a nucleotide analog. The DNA polymerase can replace
guanine, cytosine, adenine and/or thymine with a nucleotide analog.

[0069] Incorporating nucleotide analogs into the at least one target nucleic acid molecule can
be used to mutate nucleotides, as they may be incorporated in place of existing nucleotides
and they may pair with nucleotides in the opposite strand. For example dPTP can be
incorporated into a nucleic acid molecule in place of a pyrimidine nucleotide (may replace
thymine or cytosine); please see Figure 7. Once in a nucleic acid strand, it may pair with
adenine when in an imino tautomeric form. Thus, when a complementary strand is formed, that
complementary strand may have an adenine present at a position complementary to the dPTP.
Similarly, once in a nucleic acid strand, it may pair with guanine when in an amino tautomeric
form. Thus, when a complementary strand is formed, that complementary strand may have a
guanine present at a position complementary to the dPTP.

[0070] For example, if a dPTP is introduced into the at least one target nucleic acid molecule
of the invention, when an at least one nucleic acid molecule complementary to the at least one
target nucleic acid molecule is formed, the at least one nucleic acid molecule complementary
to the at least one target nucleic acid molecule will comprise an adenine or a guanine at a
position complementary to the dPTP in the at least one target nucleic acid molecule
(depending on whether the dPTP is in its amino or imino form). When the at least one nucleic
acid molecule complementary to the at least one target nucleic acid molecule is replicated, the
resulting replicate of the at least one target nucleic acid molecule will comprise a thymine or a
cytosine in a position corresponding to the dPTP in the at least one target nucleic acid
molecule. Thus, a mutation to thymine or cytosine can be introduced into the mutated at least
one target nucleic acid molecule.

[0071] Alternatively, if a dPTP is introduced in at least one nucleic acid molecule
complementary to the at least one target nucleic acid molecule, when a replicate of the at least
one target nucleic acid molecule is formed, the replicate of the at least one target nucleic acid
molecule will comprise an adenine or a guanine at a position complementary to the dPTP in
the at least one nucleic acid molecule complementary to the at least one target nucleic acid
molecule (depending on the tautomeric form of the dPTP). Thus, a mutation to adenine or
guanine can be introduced into the mutated at least one target nucleic acid molecule.

[0072] In an embodiment, the low bias DNA polymerase can replace cytosine or thymine with a
nucleotide analog. In a further embodiment, the low bias DNA polymerase introduces guanine
or adenine nucleotides using a nucleotide analog at a rate ratio of 0.5-1.5:0.5-1.5, 0.6-1.4:0.6-
1.4, 0.7-1.3:0.7-1.3, 0.8-1.2:0.8-1.2, or around 1:1 respectively. The guanine or adenine
nucleotides may be introduced by the low bias DNA polymerase pairing them opposite a
nucleotide analog such as dPTP. In a further embodiment, the low bias DNA polymerase
introduces guanine or adenine nucleotides using a nucleotide analog at a rate ratio of 0.7-
1.3:0.7-1.3 respectively.
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[0073] The skilled person can determine, using conventional methods, whether the low bias
DNA polymerase is able to incorporate nucleotide analogs into the at least one target nucleic
acid molecule or mutate adenine, thymine, guanine, and/or cytosine in the at least one target
nucleic acid molecule using a nucleotide analog using conventional methods.

[0074] For example, in order to determine whether the low bias DNA polymerase is able to
incorporate nucleotide analogs into the at least one target nucleic acid molecule, the skilled
person could amplify a nucleic acid molecule using a low bias DNA polymerase for two rounds
of replication. The first round of replication should take place in the presence of the nucleotide
analog, and the second round of replication should take place in the absence of the nucleotide
analog. The resulting amplified nucleic acid molecules could be sequenced to see whether
mutations have been introduced, and if so, how many mutations. The user should repeat the
experiment without the nucleotide analog, and compare the number of mutations introduced
with and without the nucleotide analog. If the number of mutations that have been introduced
with the nucleotide analog is significantly higher than the number of mutations that have been
introduced without the nucleotide analog, the user can conclude that the low bias DNA
polymerase is able to incorporate nucleotide analogs. Similarly, the skilled person can
determine whether a DNA polymerase incorporates nucleotide analogs or mutates adenine,
thymine, guanine, and/or cytosine using a nucleotide analog. The skilled person merely need
perform the method in the presence of nucleotide analogs, and see whether the method leads
to mutations at positions originally occupied by adenine, thymine, guanine, and/or cytosine.

[0075] The method comprises a step of amplifying the at least one target nucleic acid molecule
using a low bias DNA polymerase, where the step of amplifying the at least one target nucleic
acid molecule using a low bias DNA polymerase is carried out in the presence of the nucleotide
analog, and the step of amplifying the at least one target nucleic acid molecule provides at
least one target nucleic acid molecule comprising the nucleotide analog.

[0076] Suitable nucleotide analogs include dPTP (2'deoxy-P-nucleoside-5'-triphosphate), 8-
Ox0-dGTP (7,8-dihydro-8-oxoguanine), 5Br-dUTP (5-bromo-2'-deoxy-uridine-5'-triphosphate),
20H-dATP (2-hydroxy-2'-deoxyadenosine-5'-triphosphate), dKTP (9-(2-Deoxy-(3-D-
ribofuranosyl)-N6-methoxy-2,6,-diaminopurine-5'-triphosphate) and dITP (2'-deoxyinosine 5'-
trisphosphate). The nucleotide analog may be dPTP. The nucleotide analogs may be used to
introduce the substitution mutations described in Table 1.

Table 1

Nucleotide Substitution
8-o0x0-dGTP ATtoC:Gand TAto G:.C
dPTP ATtoGCand G:Cto AT
5Br-dUTP ATtoGCand TAto C.G
20H-dATP ATtoC.G G CtoT.Aand ATto G:C
dITP ATtoGCand G:Cto AT
dKTP ATtoGCand G:Cto AT
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[0077] The different nucleotide analogs can be used, alone or in combination, to introduce
different mutations into the at least one target nucleic acid molecule. Accordingly, the low bias
DNA polymerase may introduce guanine to adenine substitution mutations, cytosine to thymine
substitution mutations, adenine to guanine substitution mutations, and thymine to cytosine
substitution mutations using a nucleotide analog. The low bias DNA polymerase may be able to
introduce guanine to adenine substitution mutations, cytosine to thymine substitution
mutations, adenine to guanine substitution mutations, and thymine to cytosine substitution
mutations, optionally using a nucleotide analog.

[0078] The low bias DNA polymerase may be able to introduce guanine to adenine substitution
mutations, cytosine to thymine substitution mutations, adenine to guanine substitution
mutations, and thymine to cytosine substitution mutations at a rate ratio of 0.5-1.5:0.5-1.5:0.5-
1.5:0.5-1.5, 0.6-1.4:0.6-1.4:0.6-1.4:0.6-1.4,0.7-1.3:0.7-1.3:0.7-1.3:0.7-1.3, 0.8-1.2:0.8-1.2:0.8-
1.2:0.8-1.2, or around 1:1:1:1 respectively. Preferably, the low bias DNA polymerase is able to
introduce guanine to adenine substitution mutations, cytosine to thymine substitution
mutations, adenine to guanine substitution mutations, and thymine to cytosine substitution
mutations at a rate ratio of 0.7-1.3:0.7-1.3:0.7-1.3:0.7-1.3 respectively. Suitable methods for
determining whether the low bias DNA polymerase is able to introduce substitution mutations
and at what rate ratio are described under the heading "whether a DNA polymerase is able to
mutate a nucleotide and, if so, at what rate".

[0079] In some methods the low bias DNA polymerase introduces guanine to adenine
substitution mutations, cytosine to thymine substitution mutations, adenine to guanine
substitution mutations, and thymine to cytosine substitution mutations at a rate ratio of 0.5-
1.5:0.5-1.5:0.5-1.5:0.5-1.5, 0.6-1.4:0.6-1.4:0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3:0.7-1.3:0.7-1.3, 0.8-
1.2:0.8-1.2:0.8-1.2:0.8-1.2, or around 1:1:1:1 respectively. Preferably, the low bias DNA
polymerase introduces guanine to adenine substitution mutations, cytosine to thymine
substitution mutations, adenine to guanine substitution mutations, and thymine to cytosine
substitution mutations at a rate ratio of 0.7-1.3:0.7-1.3:0.7-1.3:0.7-1.3 respectively. Suitable
methods for determining whether substitution mutations are introduced and at what rate ratio
are described under the heading "whether a DNA polymerase is able to mutate a nucleotide
and, if so, at what rate ".

[0080] Generally, when a low bias DNA polymerase uses a nucleotide analog to introduce a
mutation, this requires more than one round of replication. In the first round of replication the
low bias DNA polymerase introduces the nucleotide analog in place of a nucleotide, and in a
second round of replication, that nucleotide analog pairs with a natural nucleotide to introduce
a substitution mutation in the complementary strand. The second round of replication may be
carried out in the presence of the nucleotide analog. However, the method may further
comprise a step of amplifying the at least one target nucleic acid molecule comprising
nucleotide analogs in the absence of nucleotide analogs. The step of amplifying the at least
one target nucleic acid molecule comprising nucleotide analogs in the absence of nucleotide
analogs may be carried out using the low bias DNA polymerase.
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[0081] Optionally, the method provides a mutated at least one target nucleic acid molecule and
the method comprises a further step of amplifying the mutated at least one target nucleic acid
molecule using the low bias DNA polymerase.

Low template amplification bias

[0082] The low bias DNA polymerase has low template amplification bias. A low bias DNA
polymerase has low template amplification bias if it is able to amplify different target nucleic
acid molecules with similar degrees of success per cycle. High bias DNA polymerases may
struggle to amplify template nucleic acid molecules that comprise a high G:C content or contain
a large degree of secondary structure. In an embodiment, the low bias DNA polymerase of the
invention has low template amplification bias for template nucleic acid molecules that are less
than 25 000, less than 10 000, between 1 and 15 000, or between 1 and 10 000 nucleotides in
length.

[0083] In an embodiment, to determine whether a DNA polymerase has low template
amplification bias, the skilled person could amplify a range of different sequences using the
DNA polymerase, and see whether the different sequences are amplified at different levels by
sequencing the resultant amplified DNA. For example, the skilled person could select a range
of short (possibly 50 nucleotide) nucleic acid molecules having different characteristics,
including a nucleic acid molecule having high GC content, a nucleic acid molecule having low
GC content, a nucleic acid molecule having a large degree of secondary structure and a
nucleic acid molecule have a low degree of second structure. The user could then amplify
those sequences using the DNA polymerase and quantify the level at which each of the nucleic
acid molecules is amplified to. In an embodiment, if the levels are within 25%, 20%, 10%, or 5%
of one another, then the DNA polymerase has low template amplification bias.

[0084] Alternatively, in an embodiment, a DNA polymerase has low template amplification bias
if it is able to amplify 7-10 kbp fragments with a Kolmolgorov-Smirnov D of less than 0.1, less
than 0.09, or less than 0.08. The Kolmolgorov-Smirnov D with which a particular low bias DNA
polymerase is able to amplify 7-10 kbp fragments may be determined using an assay provided
in Example 4.

[0085] The low bias DNA polymerase is a high fidelity DNA polymerase. A high fidelity DNA
polymerase is a DNA polymerase which is not highly error-prone, and so does not generally
introduce a large number of mutations when used to amplify a target nucleic acid molecule in
the absence of nucleotide analogs. High fidelity DNA polymerases are not generally used in
methods for introducing mutations, as it is generally considered that error-prone DNA
polymerases are more effective. However, the present application demonstrates that certain
high fidelity polymerases are able to introduce mutations using a nucleotide analog, and that
those mutations may be introduced with lower bias compared to error-prone DNA polymerases
such as Taq polymerase.
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[0086] High fidelity DNA polymerases have an additional advantage. High fidelity DNA
polymerases can be used to introduce mutations when used with nucleotide analogs, but in the
absence of nucleotide analogs they can replicate a target nucleic acid molecule highly
accurately. This means that the user can mutate the at least one target nucleic acid molecule
to high effect and amplify the mutated at least one target nucleic acid molecule with high
accuracy using the same DNA polymerase. If a low fidelity DNA polymerase is used to mutate
the target nucleic acid molecule, it may need to be removed from the reaction mixture before
the target nucleic acid molecule is amplified.

[0087] High fidelity DNA polymerases may have a proof-reading activity. A proof-reading
activity may help the DNA polymerase to amplify a target nucleic acid sequence with high
accuracy. For example, a low bias DNA polymerase may comprise a proof-reading domain. A
proof reading domain may confirm whether a nucleotide that has been added by the
polymerase is correct (checks that it correctly pairs with the corresponding nucleic acid of the
complementary strand) and, if not, excises it from the nucleic acid molecule. The inventors
have surprisingly found that in some DNA polymerases, the proof-reading domain will accept
pairings of natural nucleotides with nucleotide analogs. The structure and sequence of suitable
proof-reading domains are known to the skilled person. DNA polymerases that comprise a
proof-reading domain include members of DNA polymerase families |, Il and Ill, such as Pfu
polymerase (derived from Pyrococcus furiosus), T4 polymerase (derived from bacteriophage
T4) and the Thermococcal polymerases that are described in more detail below.

[0088] In an embodiment, in the absence of nucleotide analogs, the high fidelity DNA
polymerase introduces less than 0.01%, less than 0.0015%, less than 0.001%, between 0%
and 0.0015%, or between 0% and 0.001% mutations per round of replication.

[0089] In addition, the low bias DNA polymerase may comprise a processivity enhancing
domain. A processivity enhancing domain allows a DNA polymerase to amplify a target nucleic
acid molecule more quickly. This is advantageous as it allows the methods of the invention to
be performed more quickly.

Thermococcal polymerases

[0090] In an embodiment, the low bias DNA polymerase is a fragment or variant of a
polypeptide comprising SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6 or SEQ ID NO.7. The
polypeptides of SEQ ID NO. 2, 4, 6 and 7 are thermococcal polymerases. The polymerases of
SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6 or SEQ ID NO. 7 are low bias DNA polymerases
having high fidelity, and they can mutate target nucleic acid molecules by incorporating a
nucleotide analog such as dPTP. The polymerases of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID
NO. 6 or SEQ ID NO. 7 are particularly advantageous as they have low mutation bias and low
template amplification bias. They are also highly processive and are high fidelity polymerases
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comprising a proof-reading domain, meaning that, in the absence of nucleotide analogs, they
can amplify mutated target nucleic acid molecules quickly and accurately.

[0091] The low bias DNA polymerase may comprise a fragment of at least 400, at least 500, at
least 600, at least 700, or at least 750 contiguous amino acids of:

. a sequence of SEQ ID NO. 2;

. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 2;
. a sequence of SEQ ID NO. 4;

. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 4;
. €. a sequence of SEQ ID NO. 6;

. f. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 6;
. g. a sequence of SEQ ID NO. 7; or

8. h. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 7.
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[0092] Preferably, the low bias DNA polymerase comprises a fragment of at least 700
contiguous amino acids of:

1. a. a sequence of SEQ ID NO. 2;

2. b. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 2;
3. c. a sequence of SEQ ID NO. 4;

4. d. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 4;
5. e. a sequence of SEQ ID NO. 6;

6. f. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 6;
7. g. a sequence of SEQ ID NO. 7; or

8. h. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 7.

[0093] The low bias DNA polymerase may comprise:

. a sequence of SEQ ID NO. 2;

. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 2;
. a sequence of SEQ ID NO. 4;

. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 4;
. €. a sequence of SEQ ID NO. 6;

. f. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 6;
. g. a sequence of SEQ ID NO. 7; or

8. h. a sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 7.

NOo ok owdh =
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[0094] Preferably, the low bias DNA polymerase comprises:
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. a sequence of SEQ ID NO. 2;

. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 2;
. a sequence of SEQ ID NO. 4;

. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 4;
. €. a sequence of SEQ ID NO. 6;

. f. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 6;
. g. a sequence of SEQ ID NO. 7; or

8. h. a sequence at least 98%, or at least 99% identical to SEQ ID NO. 7.

NOo oAb~
o 0 T o

[0095] The low bias DNA polymerase may be a thermococcal polymerase, or derivative
thereof. The DNA polymerases of SEQ ID NO 2, 4, 6 and 7 are thermococcal polymerases.
Thermococcal polymerases are advantageous, as they are generally high fidelity polymerases
that can be used to introduce mutations using a nucleotide analog with low mutation and
template ampilification bias.

[0096] A thermococcal polymerase is a polymerase having the polypeptide sequence of a
polymerase isolated from a strain of the Thermococcus genus. A derivative of a thermococcal
polymerase may be a fragment of at least 400, at least 500, at least 600, at least 700, or at
least 750 contiguous amino acids of a thermococcal polymerase, or at least 95%, at least 98%,
at least 99%, or 100% identical to a fragment of at least 400, at least 500, at least 600, at least
700, or at least 750 contiguous amino acids of a thermococcal polymerase. The derivative of a
thermococcal polymerase may be at least 95%, at least 98%, at least 99%, or 100% identical to
a thermococcal polymerase. The derivative of a thermococcal polymerase may be at least 98%
identical to a thermococcal polymerase.

[0097] A thermococcal polymerase from any strain may be effective in the context of the
present invention. In an embodiment, the thermococcal polymerase is derived from a
thermococcal strain selected from the group consisting of 7. kodakarensis, T. celer, T. siculi,
and T. sp KS-1. Thermococccal polymerases from these strains are described in SEQ ID NO.
2, SEQ ID NO. 4, SEQ ID NO. 6 and SEQ ID NO. 7.

[0098] Optionally, the low bias DNA polymerase is a polymerase that has high catalytic activity
at temperatures between 50°C and 90°C, between 60°C and 80°C, or around 68°C.

Barcodes, sample tags and adapters

[0099] The method may further comprise introducing barcodes into the target nucleic acid
molecules. For the purposes of the present invention, a barcode is a degenerate or randomly
generated sequence of nucleotides. The term "barcode” is synonymous with the terms "unique
molecular identifiers” (UMIs) or "unique molecular tags" (UMTs). The method may comprise
introducing 1, 2 or more barcodes into the target nucleic acid molecules. In a preferred
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embodiment, the method comprises introducing a variety of barcodes into the target nucleic
acid molecules, such that, after the barcodes are introduced, most of the original target nucleic
acid molecules comprise unique barcodes compared to other original target nucleic acid
molecules.

[0100] Introducing barcodes into the target nucleic acid molecules may be useful if the method
for introducing mutations of the invention is used as part of a method for determining a
sequence. The use of barcodes may help the user to identify which of the original at least one
target nucleic acid molecules each sequence of at least one of target nucleic acid molecule (or
amplified or fragmented at least one target nucleic acid molecule) was derived from. If the
barcodes used in each original target nucleic acid molecule are different, the user can
sequence the barcodes or the target nucleic acid molecules, and sequences of target nucleic
acid molecules comprising the same barcodes are likely to be sequences of target nucleic acid
molecules that originated from the same original target nucleic acid molecule.

[0101] The method for introducing mutations into at least one target nucleic acid molecule may
comprise introducing sample tags into the target nucleic acid molecules. A sample tag is a
short series of nucleic acids of known (specified) sequence. For example, the method of the
invention may be performed on multiple target nucleic acid molecules taken from different
samples. Those samples may be pooled, but prior to pooling, a sample tag may introduced
into the target nucleic acid molecules in a sample (the target nucleic acid molecules are
labelled with a sample tag). Target nucleic acid molecules from different samples may be
labelled with different sample tags. Optionally, target nucleic acid molecules from the same
sample are labelled with the same sample tag or a sample tag from the same sub-group of
sample tags. For example, if the user decides to use two samples, the target nucleic acid
molecules in the first sample may be labelled with a first sample tag having a specified
sequence and the target nucleic acid molecules in the second sample may be tagged with a
second sample tag having a second specified sequence. Similarly, if the user decides to use
two samples, the target nucleic acid molecules in the first sample may be labelled with a
sample tag from a first sub-group of sample tags and the target nucleic acid molecules in the
second sample may be labelled with a sample tag from a second sub-group of sample tags.
The user would understand that any target nucleic acid molecules comprising the first sample
tag or a sample tag from the first sub-group of sample tags originated from the first sample,
and any target nucleic acid molecules comprising the second sample tag or a sample tag from
the second sub-group of sample tags originated from the second sample. It is possible to
determine which tag has been used to label a target nucleic acid sequence by sequencing the
target nucleic acid sequence. Suitable sequencing methods are described in more detail
below.

[0102] In an embodiment, the sample tags are introduced (the target nucleic acid molecules
are labelled with a sample tag) prior to the step of amplifying the at least one target nucleic
acid molecule using a low bias DNA polymerase. This is advantageous as it means that
samples may be pooled at an early stage in the method, reducing handling time, the number of
reagents required and the possibility of introducing sample handling mistakes. However, if the
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sample tags are introduced prior to the step of amplifying the at least one target nucleic acid
molecule using a low bias DNA polymerase, it is possible that the sample tags will be mutated
by the low bias DNA polymerase. The present inventors have designed groups of samples tags
that are designed such that they may be distinguished from one another even if they have
been mutated.

[0103] In an embodiment, a group of sample tags is used and target nucleic acid molecules
from different samples are labelled with different sample tags from the group. Target nucleic
acid molecules from the same sample may be labelled with the same sample tag from the
group or with a sample tag from the same sub-group of samples tags from the group. For
example, if the group of sample tags comprises sample tags named A, B, C and D, all target
nucleic acid molecules in a first sample may be labelled using A or A/B, and all the target
nucleic acid molecules in a second sample may be labelled using C or C/D. Each sample tag in
the group of sample tags may differ from substantially all other sample tags in the group by at
least 1 low probability mutation difference. Each sample tag in the group of sample tags may
differ from all other sample tags in the group by at least 1 low probability mutation difference.

[0104] In an aspect, the disclosure provides a group of sample tags, wherein each sample tag
in the group differs from substantially all other sample tags in the group by at least 1 low
probability mutation difference. Each sample tag may differ from all other sample tags in the
group by at least 1 low probability mutation difference.

[0105] By the term "differs from substantially all other sample tags in the group by at least 1
low probability mutation difference” we mean that each tag has been designed such that if the
sample tags are mutated by at least 1 low probability mutation, the tags will still be different to
one another almost (substantially all or all other tags). In an embodiment, the term
“substantially all other sample tags "refers to at least 90%, at least 95%, or at least 98% of the
other sample tags. A low probability mutation is a mutation that occurs infrequently in the
method for introducing mutations of the invention. For example, a low probability mutation may
be a transversion mutation, or an indel mutation. Transversion mutations and indel mutations
occur infrequently when the method for introducing mutations of the invention is performed
using dPTP as a nucleotide analog. A transversion mutation is a replacement of a purine
nucleotide with a pyrimidine nucleotide (adenine to cytosine, adenine to thymine, guanine to
cytosine or guanine to thymine), or a pyrimidine nucleotide with a purine nucleotide (cytosine to
adenine, cytosine to guanine, thymine to adenine, or thymine to guanine). An indel mutation is
a deletion mutation or an insertion mutation. Suitable tags may be designed computationally
using statistical methods. For example, the skilled person would be able to determine what
type of mutation is a low probability mutation in a method for introducing mutations of the
invention. The skilled person can perform the method for introducing mutations of the
invention, and determine the types of mutations that have been introduced by sequencing the
nucleic acid molecule product. The mutations that occur most frequently are high probability
mutations, and the mutations that occur least frequently are low probability mutations.

[0106] The user could generate suitable sample tags using the method for designing a group
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of sample tags.

[0107] Optionally, each sample tag differs from substantially all other sample tags in the group
by at least 2, at least 3, at least 4, at least 5, between 3 and 50, between 3 and 25, or between
3 and 10 low probability mutation differences. Optionally, each sample tag differs from all other
sample tags in the group by at least 2, at least 3, at least 4, at least 5, between 3 and 50,
between 3 and 25, or between 3 and 10 low probability mutation differences.

[0108] Each sample tag may differ from substantially all other sample tags in the group by at
least 2 high probability mutation differences. A high probability mutation difference, is a
mutation that occurs frequently in a method for introducing mutations of the invention. For
example, a high probability mutation difference may be a transition mutation. A transition
mutation is a replacement of a purine nucleotide with another purine nucleotide (adenine to
guanine or guanine to adenine), or a pyrimidine nucleotide with another pyrimidine nucleotide
(cytosine to thymine or thymine to cytosine).

[0109] Each sample tag may differ from all other sample tags in the group by at least 2 high
probability mutation differences, i.e. each sample tag has been designed such that if the
sample tags are mutated by at least 2 high probability mutations, the tags will still be different
to one another.

[0110] Optionally, each sample tag differs from substantially all other sample tags in the group
by at least 3, between 2 and 50, between 3 and 25, or between 3 and 10 high probability
mutation differences. Optionally, each sample tag differs from all other sample tags in the
group by at least 3, between 2 and 50, between 5 and 25, or between 5 and 10 high probability
mutation differences.

[0111] In an embodiment, each sample tag is at least 8 nucleotides, at least 10 nucleotides, at
least 12 nucleotides, between 8 and 50 nucleotides, between 10 and 50 nucleotides, or
between 10 and 50 nucleotides in length.

[0112] Suitable sample tags are those of SEQ ID NOs: 8-136.

[0113] The method may further comprise introducing adapters into each of the target nucleic
acid molecules. The adapters may comprise a primer binding site. For the purposes of the
invention, primer binding sites are known sequences of nucleotides that are sufficiently long for
primers to specifically hybridise to. Optionally, the primer binding sites are at least 8, at least
10, at least 12, between 8 and 50, or between 10 and 25 nucleotides in length.

[0114] The method may comprise introducing a first adapter at the 3' end of the at least one
target nucleic acid molecule and a second adapter at the 5' end of the at least one target
nucleic acid molecule, wherein the first adapter and the second adapter can anneal to one
another.
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[0115] Also described herein is a method for preferentially amplifying nucleic acid molecules
that are larger than 1 kbp in length comprising:

1. a. providing at least one sample comprising target nucleic acid molecules;

2. b. introducing a first adapter at the 3' end of the target nucleic acid molecules and a
second adapter at the 5' end of the target nucleic acid molecules; and

3. ¢. amplifying the target nucleic acid molecules using primers that are complementary to
a portion of the first adapter,

wherein the first adapter and the second adapter can anneal to one another.

[0116] The second adapter may comprise a portion that is complementary to a first primer
binding site and the first adapter may comprise the first primer binding site.

[0117] The present inventors have found that by introducing a first adapter and a second
adapter that can anneal to one another into the at least one target nucleic acid molecule, they
can ensure that the methods of the invention preferentially amplify and/or mutate long target
nucleic acid molecules. If the first adapter can anneal to the second adapter, then they may do
so in the methods of the invention resulting in a self-annealed at least one target nucleic acid
molecule (as indicated in Figure 5). Self-annealed target nucleic acid molecules are not
replicated and so will not be amplified and/or mutated by the methods of the invention. The
likelihood that the first adapter and the second adapter anneal to one another during the
methods of the invention will be higher for shorter target nucleic acid molecules than for longer
target nucleic acid molecules. For these reasons, the addition of a first adapter and a second
adapter to the at least one target nucleic acid molecule of the invention can be used to
preferentially amplify larger at least one target nucleic acid molecules.

[0118] The method for preferentially amplifying nucleic acid molecules may be a method for
preferentially amplifying target nucleic acid molecules that are longer than 1.5 kbp. The
method may further comprise a step of sequencing the target nucleic acid molecules.
Examples of possible sequencing methods include Maxam Gilbert Sequencing, Sanger
Sequencing, nanopore sequencing or sequencing comprising bridge PCR. In a typical
embodiment, the sequencing steps involve bridge PCR. Optionally, the bridge PCR step is
carried out using an extension time of greater than 5, greater than 10, greater than 15 or
greater than 20 seconds. An example of the use of bridge PCR is in lllumina Genome Analyzer
Sequencers.

[0119] It is possible for a user to determine whether a first adapter and a second adapter can
anneal to one another. In an embodiment, the user may identify whether a first adapter and a
second adapter can anneal to one another by providing a nucleic acid molecule comprising the
first adapter, and seeing whether a primer comprising the second adapter is capable of
initiating replication of the nucleic acid molecule under PCR conditions.

[0120] Alternatively, in an embodiment, the first adapter and the second adapter can be
considered to be able to anneal to one another if they hybridise under the following conditions:
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equimolar concentrations of the two primers are combined (e.g. 50 uM), then incubated at a
high temperature such as 95°C for 5 minutes to ensure that the primers are single-stranded.
The solution is then slowly cooled to room temperature (25°C) over a period of approximately
45 minutes.

[0121] The methods may comprise amplifying the target nucleic acid molecules using primers
that are identical to one another, or substantially identical to one another. The primers may be
complementary to a portion of the first adapter. Two primers are "substantially identical' to one
another if they have an identical sequence, or a sequence that differs by 1, 2 or 3 nucleotides.
In a preferred embodiment, the methods of the invention comprise amplifying the target nucleic
acid molecules using primers that are identical in sequence or differ by a single nucleotide
difference.

[0122] In an embodiment, the first adapter and the second adapter comprise sequences that
are complementary to one another, or substantially complementary to one another. The first
adapter may be substantially complementary to the second adapter if the first adapter is
complementary to a nucleic acid molecule that is at least 80%, at least 90%, at least 95%, or at
least 99% identical to the second adapter.

[0123] The user may use primers that comprise primer binding sites, and these primers may
be used to preferentially amplify replicates of the at least one target nucleic acid molecule that
were generated in the last round of replication. For example, a first set of primers comprising a
third primer binding site may be used in a round of replication. In a further round of replication
a second set of primers may be used that bind to the third primer binding site. The second set
of primers will only replicate replicates of the at least one target nucleic acid molecule that were
generated in a previous round of replication, using the first set of primers.

[0124] Third and further sets of primers may be used. Preferentially replicating replicates of a
previous round of replication is advantageous as it can ensure that each amplified target
nucleic acid molecule comprises a high level of mutation (since only at least one target nucleic
acid molecules that have been exposed to at least one round of amplification by the low bias
DNA polymerase will be replicated).

[0125] Accordingly, the methods of the invention may comprise:

1. (a) introducing a first adapter comprising a first primer binding site at the 3' end of the at
least one target nucleic acid molecule or target nucleic acid molecules and a second
adapter comprising a portion that is complementary to the first primer binding site at the
5' end of the at least one target nucleic acid molecule or target nucleic acid molecules,
wherein the first adapter and the second adapter can anneal to one another;

2. (b) amplifying the target nucleic acid molecules using a first set of primers that are
complementary to the first primer binding site and comprise a second primer binding
site, optionally using a low bias DNA polymerase; and

3. (c) amplifying the target nucleic acid molecules using a second set of primers that are
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complementary to the second primer binding site, optionally using a low bias DNA
polymerase.

[0126] The second set of primers may comprise a third primer binding site, and further
amplification steps may be carried out using a third or further sets of primers that are
complementary to the third or further primer binding sites.

[0127] The barcodes, sample tags and/or adapters may be introduced using any suitable
method including PCR, tagmentation and physical shearing or restriction digestion of target
nucleic acids combined with subsequent adapter ligation (optionally sticky-end ligation). For
example, PCR can be carried out on the at least one target template nucleic acid molecule
using a first set of primers capable of hybridising to the at least one target nucleic acid
molecule. The barcodes, sample tags and adapters may be introduced into each of the at least
one target nucleic acid molecules by PCR using primers comprising a portion (a 5' end portion)
comprising a barcode, a sample tag and/or an adapter, and a portion (a 3' end portion) having
a sequence that is capable of hybridising to (optionally complementary to) the at least one
target nucleic acid molecule. Such primers will hybridise to a target nucleic acid molecule, PCR
primer extension will then provide a nucleic acid molecule which comprises a barcode, sample
tag and/or an adapter. A further cycle of PCR with these primers can be used to add a
barcode, sample tag and/or an adapter to the other end of the at least one target nucleic acid
molecule. The primers may be degenerate, i.e. the 3' end portion of the primers may be similar
but not identical to one another.

[0128] The barcodes, sample tags and/or adapters may be introduced using tagmentation.
The barcodes, sample tags and/or adapters can be introduced using direct tagmentation, or by
introducing a defined sequence by tagmentation followed by two cycles of PCR using primers
that comprise a portion capable of hybridising to the defined sequence, and a portion
comprising a barcode, a sample tag and/or an adapter. The barcodes, sample tags and/or
adapters can be introduced by restriction digestion of the original at least one target nucleic
acid molecule followed by ligation of nucleic acids comprising the barcode, sample tag and/or
an adapter. The restriction digestion of the original at least one nucleic acid molecule should
be performed such that the digestion results in a nucleic acid molecule comprising the region
to be sequenced (the at least one target template nucleic acid molecule). The barcodes,
sample tags and/or adapters may be introduced by shearing the at least one target nucleic
acid molecule, followed by end repair, A-tailing and then ligation of nucleic acids comprising the
barcode, sample tag and/or an adapter.

A method for determining a sequence of at least one target nucleic acid molecule

[0129] One aspect of the invention relates to a method for determining a sequence of at least
one target nucleic acid molecule comprising the method for introducing mutations of the
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invention.

[0130] As described above, the method for introducing mutations of the invention can be
useful as part of a method for determining a sequence of at least one target nucleic acid
molecule, as the mutations can enable the skilled person to assemble sequences.

[0131] As described in the background section, sequencing methods can be improved by
incorporating steps that introduce mutations into at least one target nucleic acid molecule that
is to be sequenced. A user will often amplify and/or fragment the at least one target nucleic
acid molecule prior to sequencing it. The user will then assemble a consensus sequence for at
least one of the target nucleic acid molecules from the sequences of regions of the amplified or
fragmented at least one target nucleic acid molecule. Introducing mutations into the at least
one target nucleic acid molecules prior to amplification or fragmentation can help the user to
identify which of the original at least one template nucleic acid molecules each sequence of
regions of amplified or fragmented at least one target nucleic acid molecule was derived from,
and so improve the accuracy of the consensus sequences.

[0132] The more random the mutations that are introduced, the easier it is to identify which of
the original at least one target nucleic acid molecule each sequence of amplified or fragmented
at least one target nucleic acid molecule was derived from. The method of introducing
mutations of the invention, which utilises a low bias DNA polymerase, can be used to introduce
mutations in a substantially random way, and so is ideal for inclusion in a method for
determining a sequence of at least one target nucleic acid molecule.

[0133] The method for determining a sequence of at least one target nucleic acid molecule
may comprise steps of:

1. a. performing the method for introducing mutations into at least one target nucleic acid
molecule of the invention to provide at least one mutated target DNA molecule;

2.b. optionally fragmenting and/or amplifying the at least one mutated target DNA
molecule to provide at least one fragmented and/or amplified mutated target DNA
molecule;

3. ¢. sequencing regions of the least one mutated target DNA molecule of the at least one
fragmented and/or amplified mutated target DNA molecule to provide mutated sequence
reads; and

4.d. assembling a sequence for at least a portion of the at least one target DNA molecule
using the mutated sequence reads.

[0134] In general, sequencing steps can be carried out using any method of sequencing.
Examples of possible sequencing methods include Maxam Gilbert Sequencing, Sanger
Sequencing, nanopore sequencing, or sequencing comprising bridge PCR. In a typical
embodiment, the sequencing steps involve bridge PCR. Optionally, the bridge PCR step is
carried out using an extension time of greater than 5, greater than 10, greater than 15 or
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greater than 20 seconds. An example of the use of bridge PCR is in lllumina Genome Analyzer
Sequencers.

[0135] The method may comprise sequencing regions of at least one mutated target nucleic
acid molecule to provide mutated sequence reads. The regions may correspond to a fragment
that may comprise a substantial portion of the at least one mutated target nucleic acid
molecule. It may be that the entire at least one mutated target nucleic acid molecule cannot be
sequenced for some reason, but the user may still find the sequence of a portion of the at least
one mutated target nucleic acid molecule to be useful. The regions of the at least one mutated
target nucleic acid molecule may comprise the entire length of the at least one mutated target
nucleic acid molecule.

[0136] The method may comprise assembling a sequence for at least a portion of the at least
one target nucleic acid molecule from the mutated sequence reads. The sequence may be
assembled by aligning the mutated sequence reads and grouping together reads that share
the same mutation pattern. A sequence will be assembled from mutated sequence reads in the
same group. The assembly may be carried out using software such as Clustal W2, IDBA-UD or
SOAPdenovo.

[0137] A step of amplifying the at least one mutated target nucleic acid molecule could be
performed by any suitable amplification technique such as PCR. Suitably, the PCR is carried
out using the low bias DNA polymerase under conditions such as those described under the
heading "amplifying the at least one target nucleic acid molecule using a low bias DNA
polymerase ".

[0138] A step of fragmenting the at least one mutated target nucleic acid molecule could be
carried out using any appropriate method. For example, fragmentation can be carried out
using restriction digestion or using PCR with primers complementary to at least one internal
region of the at least one mutated target nucleic acid molecule. Preferably, fragmentation is
carried out using a technique that produces arbitrary fragments. The term "arbitrary fragment"
refers to a randomly generated fragment, for example a fragment generated by tagmentation.
Fragments generated using restriction enzymes are not "arbitrary” as restriction digestion
occurs at specific DNA sequences defined by the restriction enzyme that is used. Even more
preferably, fragmentation is carried out by tagmentation. If fragmentation is carried out by
tagmentation, the tagmentation reaction optionally introduces an adapter region into the at
least one mutated target nucleic acid molecule. This adapter region is a short DNA sequence
which may encode, for example, adapters to allow the at least one mutated target nucleic acid
molecule to be sequenced using lllumina technology.

[0139] The fragmentation step may comprise a further step of enriching the at least one
mutated fragmented target nucleic acid molecule. The step of enriching the at least one
mutated fragmented target nucleic acid molecule may be carried out by PCR. Suitably, the
PCR is carried out using the low bias DNA polymerase under conditions such as those
described under the heading "amplifying the at least one target nucleic acid molecule using a
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low bias DNA polymerase ".

A method for engineering a protein

[0140] The method for introducing mutations of the invention may be useful as part of a
method for engineering a protein. For example, protein engineering may involve searching for
mutations that increase or decrease the activity of a protein, or change its structure. As part of
protein engineering, a user may wish to randomly mutate the protein and see how the
mutations effect the activity or structure of the protein. The present method is a method that
results in highly random mutagenesis, and so can advantageously be used as part of a method
for engineering a protein.

[0141] Accordingly, in one aspect of the invention there is provided a method for engineering a
protein comprising the method for introducing mutations of the invention.

[0142] The method comprises steps of:

1. a. performing a method for introducing mutations of the invention to provide at least one
mutated target DNA molecule;

2. b. inserting the at least one mutated target DNA molecule into a vector; and

3. c. expressing a protein encoded by the at least one mutated target nucleic acid
molecule.

[0143] The method may comprise steps of:

1. a. performing a method for introducing mutations of the invention to provide at least one
mutated target nucleic acid molecule;

2. b. amplifying the at least one target nucleic acid molecule using a low bias DNA
polymerase in the presence of a nucleotide analog to provide target nucleic acid
molecules comprising a nucleotide analog;

3. ¢c. amplifying the target nucleic acid molecules comprising a nucleotide analog in the
absence of nucleotide analogs to provide at least one mutated target nucleic acid
molecule;

4. d. inserting the at least one mutated target nucleic acid molecule into a vector; and

5. e. expressing a protein encoded by the at least one mutated target nucleic acid
molecule.

[0144] Any suitable vector can be used. Optionally the vector is a plasmid, a virus, a cosmid or
an artificial chromosome. Typically, the vector further comprises a control sequence operably
linked to the inserted sequence, thus allowing for expression of a polypeptide. Preferably, the
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vector further comprises appropriate initiators, promoters, enhances and other elements which
may be necessary and which are positioned in the correct orientation, in order to allow for
expression of a polypeptide.

[0145] Optionally, the step of expressing the at least one mutated target nucleic acid molecule
is achieved by transforming bacterial cells, transfecting eukaryotic cells or transducing
eukaryotic cells with the vector. Optionally, the bacterial cells are Escherichia coli (E.coli) cells.

[0146] For example, the step of expressing the at least one mutated target nucleic acid
molecule may comprise inserting the at least one mutated target nucleic acid molecule into a
plasmid vector and transforming E.coli with the plasmid. The plasmid may comprise control
elements suitable for expressing in E.coli such as a lac or T7 promoter (Dubendorff JW, Studier
FW (1991). "Controlling basal expression in an inducible T7 expression system by blocking the
target T7 promoter with lac repressor”. Journal of Molecular Biology. 219 (1): 45-59.)). Suitable
expression techniques are described in Sambrook, J. et al., (1989) Molecular Cloning: A
Laboratory Manual Second Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York.

[0147] Alternatively, the step of expressing the at least one mutated target nucleic acid
molecule may comprise expressing fragments produced directly from the step of amplifying the
target nucleic acid molecules using an in vitro method.

[0148] The method may further comprise a step of testing the activity or assessing the
structure of the protein encoded by the at least one mutated target nucleic acid molecule.

[0149] The step of testing the activity or assessing the structure of the protein encoded by the
at least one mutated target nucleic acid molecule may be carried out using any number of well-
known techniques. For example, the skilled person would be aware of suitable techniques for
assessing the structure of a protein, including nuclear magnetic resonance (NMR) techniques,
microscopy techniques such as cryo-electron microscopy, small angle x-ray scattering
techniques, or X-ray crystallography.

[0150] Similarly, the skilled person would be aware of techniques that could be used for
assessing the activity of a protein. The method used will depend on the protein that is encoded
by the at least one mutated target nucleic acid molecule. For example, if the protein that is
encoded by the at least one mutated target nucleic acid molecule is a blood clotting factor, the
skilled person would test the protein for clotting activity, for example using a chromogenic
clotting assay. Alternatively, if the protein that is encoded by the at least one mutated target
nucleic acid molecule is an enzyme, the skilled person could test the activity of the enzyme by
measuring the rate at which it catalyses its reaction, for example by measuring reduction in
concentration of a starting product or increase in concentration of an end product of the
reaction catalysed by the enzyme.

A method for designing a group of sample tags
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[0151] Also described herein is a method for designing a group of sample tags suitable for use
in a method for introducing mutations into at least one target nucleic acid molecule comprising:

1. a. analysing the method for introducing mutations into at least one target nucleic acid
molecule and determining the average number of low probability mutations that take
place during the method for introducing mutations into at least one target nucleic acid
molecule; and

2. b. determining sequences for a group of sample tags wherein each sample tag differs
from substantially all sample tags in the group by more low probability mutation
differences than the average number of low probability mutations that take place during
the method for introducing mutations into at least one target nucleic acid molecule.

[0152] For example, the user may generate a first putative sample tag by using a computer
programme to generate a random sequence. The first putative sample tag is added to the
group of sample tags. The user may then generate a second putative sample tag in the same
manner, and compare the sequence of the second putative sample tag to the first putative
sample tag to see whether the second sample tag differs from the first sample tag such that
even if the relevant number of low probability mutations were introduced into the second
putative sample tag it would still differ from the first putative sample tag. If yes, then the second
putative sample tag is added to the group of sample tags. If no, then the second putative
sample tag is discarded. This may be repeated for third and further putative sample tags.

[0153] As discussed above, it is advantageous for sample tags to be added to at least one
target nucleic acid molecule in a method for introducing mutations into at least one target
nucleic acid molecule. However, if the sample tags are added prior to the mutations being
introduced, this may mean that the sample tags are mutated and cannot then be used to
distinguish target nucleic acid molecules that originated from the same or different samples.
This can be avoided by designing the sample tags such that even if they are mutated they are
sufficiently different from one another for the user to be able to distinguish between them.

[0154] The method may further comprise:

1. a.

1. (i) analysing the method for introducing mutations into at least one target nucleic
acid molecule and determining the average number of high probability mutations
that take place during the method for introducing mutations into at least one target
nucleic acid molecule; and

2. (ii) determining sequences for a group of sample tags wherein each sample tag
differs from substantially all sample tags in the group by more high probability
mutation differences than the average number of high probability mutations that
take place during the method for introducing mutations into at least one target
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nucleic acid molecule.

[0155] A low probability mutation may be a transversion mutation or an indel mutation. A high
probability mutation may be a transition mutation.

[0156] The method may be a computer implemented method.

[0157] Also described herein is a computer-readable medium configured to perform the
method for designing a group of sample tags suitable for use in a method for introducing
mutations into at least one target nucleic acid molecule.

[0158] Also described herein is a group of sample tags obtainable by the method for designing
sample tags of the disclosure. Optionally, the group of sample tags are obtained by the method
for designing sample tags of the disclosure.

Using dNTPs at unequal concentrations

[0159] The step of amplifying the at least one target nucleic acid using a low bias DNA
polymerase in the methods of the invention may be carried out using dNTPs at unequal
concentrations.

[0160] Described herein is a method for introducing mutations into at least one target nucleic
acid molecule comprising:

1. a. providing at least one sample comprising at least one target nucleic acid molecule;
and

2. b. introducing mutations into the at least one target nucleic acid molecule by amplifying
the at least one target nucleic acid molecule using a DNA polymerase to provide a
mutated at least one target nucleic acid molecule,

wherein step b. is carried out using dNTPs at unequal concentrations.

[0161] In order to be able to amplify the at least one target nucleic acid using a DNA
polymerase (such as a low bias DNA polymerase), the target nucleic acid may be exposed to
the DNA polymerase and dNTPs under conditions suitable for DNA replication to take place, for
example in a PCR machine. If a step of amplifying the at least one target nucleic acid is carried
out using dNTPs at unequal concentrations, the target nucleic acid is exposed to a DNA
polymerase (such as a low bias DNA polymerase) and dNTPs, wherein the concentrations of
the dNTPs are different relative to one another.

[0162] The term dNTPs is intended to refer to deoxynucleotides. Specifically, in the context of
the present application, the term "dNTPs" is intended to refer to a solution comprising dTTP
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(deoxythymidine triphosphate) or dUTP (deoxyuridine), dGTP (deoxyguanidine triphosphate),
dCTP (deoxycytidine triphosphate), and dATP (deoxyadenosine triphosphate). Optionally,
"dNTPs" refers to a solution comprising dTTP (deoxythymidine triphosphate), dGTP
(deoxyguanidine  triphosphate), dCTP  (deoxycytidine triphosphate), and dATP
(deoxyadenosine triphosphate).

[0163] By the phrase "dNTPs at unequal concentrations” is meant that the four dNTPs are
present in solution at different concentrations relative to one another. For example, one dNTP
may be present at a higher concentration compared to (than) the other three dNTPs, two
dNTPs may be present at a higher concentration compared to (than) the other two dNTPS, or
three dNTPs may be present at a higher concentration compared to (than) the other one
dNTP.

[0164] DGTP may be present at a higher concentration compared to (than) dCTP, dTTP and
dATP, dGTP may be present at a higher concentration compared to (than) dTTP and dATP,
dGTP may be present at a higher concentration compared to (than) dATP, dGTP may be
present at a higher concentration compared to (than) dTTP, dCTP may be present at a higher
concentration compared to (than) dGTP, dTTP and dATP, dCTP may be present at a higher
concentration compared to (than) dTTP and dATP, dCTP may be present at a higher
concentration compared to (than) dATP, dCTP may be present at a higher concentration
compared to (than) dTTP, dTTP may be present at a higher concentration compared to (than)
dGTP, dCTP and dATP, dTTP may be present at a higher concentration compared to (than)
dGTP and dCTP, dTTP may be present at a higher concentration compared to (than) dCTP,
dTTP may be present at a higher concentration compared to (than) dGTP, dATP may be
present at a higher concentration compared to (than) dGTP, dTTP and dCTP, dATP may be
present at a higher concentration compared to (than) dGTP and dCTP, dATP may be present
at a higher concentration compared to (than) dGTP, dATP may be present at a higher
concentration compared to dGTP, dCTP and dATP may be present at a higher concentration
compared to (than) dGTP and dCTP, or dGTP and dCTP may be present at a higher
concentration compared to (than) dATP and dTTP.

[0165] The user may prepare solutions of dNTPs at unequal concentrations in any convenient
manner. DATP, dTTP, dGTP and dTTP solutions are readily commercially available, and the
user merely needs to mix these in an appropriate ratio.

[0166] Optionally, the method:

1. (i) comprises a further step of amplifying the at least one target nucleic acid molecule
comprising nucleotide analogs in the absence of nucleotide analogs and the further step
of amplifying the at least one target nucleic acid molecule comprising nucleotide analogs
in the absence of nucleotide analogs is carried out using dNTPs at unequal
concentrations; or

2. (ii) provides a mutated at least one target nucleic acid molecule, and comprises a further
step of amplifying the mutated at least one target nucleic acid molecule using the low
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bias DNA polymerase and the further step of amplifying the mutated at least one target
nucleic acid molecule using the low bias DNA polymerase is carried out using dNTPs at
unequal concentrations.

[0167] Optionally, introducing mutations into the at least one target nucleic acid molecule by
amplifying the at least one target nucleic acid molecule using a DNA polymerase to provide a
mutated at least one target nucleic acid molecule is carried out in the presence of a nucleotide
analog. Optionally, the method for introducing mutations into at least one target nucleic acid
molecule comprises a step of amplifying the mutated at least one target nucleic acid molecule
in the absence of the nucleotide analog, and optionally this step is carried out using dNTPs at
unequal concentrations.

[0168] When a nucleotide analog is used to introduce mutations into at least one target nucleic
acid molecule, this will generally involve two amplification steps. In the first amplification step,
the nucleotide analog is incorporated into the target nucleic acid molecule (a mutation step). In
the second amplification step, the nucleotide analog pairs with a natural nucleotide, thereby
introducing a mutation into one strand of the target nucleic acid molecule (a recovery step).
When the target nucleic acid molecule is further amplified, this mutation will be transmitted to
both strands of the target nucleic acid molecule. Optionally, both the first (mutation)
amplification step and the second (recovery) amplification step may be carried out using
dNTPs at unequal concentrations. Optionally the dNTPs at unequal concentrations are
different in the first (mutation) amplification step and the second (recovery) amplification step.
For example, the dNTPs at unequal concentrations may comprise dTTP at a lower
concentration than other dNTPs in the first (mutation) amplification step and the dNTPs at
unequal concentrations may comprise dATP at a lower concentration than other dNTPs in the
second (recovery) amplification step. The step of amplifying the at least one target nucleic acid
molecule using a low bias DNA polymerase or steps that provide a mutated at least one target
nucleic acid molecule may correspond to one or more "mutation steps”. A further step of
amplifying the at least one target nucleic acid molecule comprising nucleotide analogs in the
absence of nucleotide analogs or a further step of amplifying the mutated at least one target
nucleic acid molecule may correspond to one or more “recovery steps”.

[0169] Optionally, the nucleotide analog is dPTP.

[0170] In an embodiment, dNTPs at unequal concentrations are used to alter the profile of
mutations that are introduced. The dNTPs at unequal concentrations are used in methods
comprising introducing mutations into at least one target nucleic acid molecule. Thus, the
methods result in target nucleic acid molecules comprising mutations (such as the mutated
target nucleic acid molecules described herein). The number of mutations, type of mutations,
and position of each mutations that are introduced into a given target nucleic acid molecule by
the methods may be referred to as the "profile of mutations” that is introduced. The term "type
of mutation" is intended to refer to the nature of the mutation, i.e. is it a substitution mutation,
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an addition mutation or a deletion mutation, and if it is a substitution mutation what was the
starting nucleotide and what was the starting nucleotide mutated to (e.g. an A to G mutation
has an A starting nucleotide which is mutated to G)?

[0171] The user may determine the “profile of mutations"” that is introduced by a given method
by replicating a test target nucleic acid molecule, then subjecting some of the replicates to the
methods comprising introducing mutations of the invention, but reserving some of the
replicates (without mutating them). The user may then sequence the replicates that have been
subjected to the methods comprising introducing mutations of the invention, and the reserved
replicates. Finally, the user can align the sequences of the replicates that have been subjected
to the methods comprising introducing mutations of the invention, and the reserved replicates
to determine the number of mutations, type of mutations and position of each mutation that
have been introduced. Alternatively, the user may use a test target nucleic acid molecule of
known sequence. The user will then merely need to subject the test target nucleic acid
molecule to the methods comprising introducing mutations of the invention, and then sequence
the resultant mutated target nucleic acid molecule to see what profile of mutations has been
introduced.

[0172] The user may wish to alter the mutation profile in a number of ways. For example, as
discussed above, it is advantageous to be able to reduce mutation bias. Accordingly, in an
embodiment, dNTPs at unequal concentrations are used to reduce bias in the profile of
mutations that are introduced. In a further embodiment, the method is a method for introducing
mutations in a low bias mutation profile.

[0173] The present application demonstrates that using dNTPs at unequal concentrations can
be used to reduce bias in the profile of mutations that are introduced. For example, if a DNA
polymerase (such as a low bias DNA polymerase described above) is used to mutate a target
nucleic acid molecule, and introduces a higher number of G to A mutations compared to other
mutations, the user can reduce the concentration of dATPs relative to other dNTPs, and this
may decrease the frequency at which A nucleotides are incorporated in place of dGTPs and so
decrease the number of G to A mutations.

[0174] Similarly, if a nucleotide analog is used when introducing mutations into a target nucleic
acid molecule, altering the relative concentrations of the dNTPs can be used to alter the
mutation profile. For example, dPTP can be used to introduce Gto A, Cto T,Ato Gand Tto C
mutations. As described in more detail above, dPTP can replace a T nucleotide or a C
nucleotide, and depending on whether the dPTP is in its amino or imino form, it can
subsequently pair with an A nucleotide or a G nucleotide. This leads to two scenarios. In the
first scenario, the dPTP replaces T in (for example) the sense strand (mutation step), it can
then pair with A (no mutation) or G (Ato G mutation) in the anti sense strand. If dPTP replaces
T and pairs with G in the antisense strand, the mutant G will pair with a C to introduce a Tto C
mutation in a replicate of the sense strand (recovery step). Conversely, dPTP may replace T in
the antisense strand, which may lead to an A to G mutation in the sense strandand a T to C
mutation in a replicate of the antisense strand. In the second scenario, the dPTP replaces C in
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the (for example) sense strand, it can then pair with A (G to A mutation) or G (no mutation) in
the antisense strand (mutation step). If dPTP replaces C and pairs with A in the antisense
strand, the mutant A will pair with a T to introduce a C to T mutation in a replicate of the sense
strand (recovery step). Conversely, dPTP may replace C in the antisense strand, which may
lead to a G to A mutation in the sense strand and a C to T mutation in a replicate of the
antisense strand.

[0175] The present application demonstrates that if the rate of G to A and C to T mutations is
higher than the rate of Ato G and T to C mutations, then reducing the concentration of dTTPs
compared to the other dNTPs (and preferably compared to the concentration of dCTP) will
encourage dPTP to be incorporated in place of dTTP, increasing the instances of the first
scenario set out above relative to the second scenario, meaning that the Ato Gand T to C
mutations introduced in the first scenario will be increased. Similarly, the present application
demonstrates that if the level of dATPs is reduced during the recovery step, then the level of G
to Aand C to T mutations increases. This is because in scenario 2 above, if dATP is present at
a lower concentration compared to the other dNTPs (and preferably compared to the
concentration of dGTP), this will mean that dPTP that has incorporated in place of a C
nucleotide will pair more frequently with G and fewer G to A or C to T mutations will be
introduced. The two scenarios are set out in Figure 7.

[0176] Even the low bias DNA polymerases disclosed herein introduce mutations into a target
nucleic acid molecule with a small bias. The present application demonstrates that using
unequal concentrations of dNTPs with a low bias DNA polymerase can virtually eliminate any
mutation bias.

[0177] Based on the information provided in the present application, it is within the abilities of
the skilled person to determine how altering the concentrations of various dNTPs will affect the
mutation profile depending on whether a nucleotide analog is used, and if so which one.
Accordingly, in some embodiments, the methods which use dNTPs at unequal concentrations
comprise a step of identifying a dNTP whose level should be increased or decreased in order
to reduce bias in the profile of mutations that are introduced.

[0178] Optionally, the dNTPs at unequal concentrations comprise dTTP at a lower
concentration than other dNTPs. As described above, this can increase the rate of T to C and
A to G mutations that are introduced when dPTP is used as a nucleotide analog. Optionally, the
dNTPs at unequal concentrations comprise dTTP at a concentration less than 75%, less than
70%, less than 60%, less than 55%, between 25% and 75%, between 25% and 70, between
25% and 60%, or around 50% of the concentration of dATP, dCTP or dGTP. Optionally, the
dNTPs at unequal concentrations comprise dTTP at a concentration less than 60% of the
concentration of dCTP. Optionally, the dNTPs at unequal concentrations comprise dTTP at a
concentration between 25% and 60% of the concentration of dCTP.

[0179] Optionally, the dNTPs at unequal concentrations comprises dATP at a lower
concentration compared to other dNTPs. As described above, this can decrease the rate of G
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to A or C to T mutations that are introduced when dPTP is used as a nucleotide analog.
Optionally, the dNTPs at unequal concentrations comprises dATP at a concentration less than
75%, less than 70%, less than 60%, less than 55%, between 25% and 75%, between 25% and
70, between 25% and 60%, or around 50% of the concentration of dTTP, dCTP or dGTP.
Optionally, the dNTPs at unequal concentrations comprises dATP at a concentration less than
75%, less than 70%, less than 60%, less than 55%, between 25% and 75%, between 25% and
70, between 25% and 60%, or around 50% of the concentration of dGTP. Optionally, the
dNTPs at unequal concentrations comprises dATP at a concentration less than 60% of the
concentration of dGTP. Optionally, the dNTPs at unequal concentrations dNTPs comprises
dATP at a concentration between 25% and 60% of the concentration of dGTP.

[0180] As set out in the two scenarios above, when using dPTP as a nucleotide analog,
reducing dTTPs increases T to C and A to G mutations by encouraging the replacement of T
nucleotides in the target nucleic acid molecule with dPTP. Thus, dNTPs at unequal
concentrations which comprise dTTP at a lower concentration than other dNTPs are preferably
used in a mutagenesis step (for example a step of PCR in the presence of dPTPs). Similarly,
when using dPTP as a nucleotide analog, reducing dATPs reduces the number of dPTPs that
have replaced C nucleotides and pair with dATP and so increases G to Aand C to T mutations.
Since dPTP pairing with dATP tends to occur during a recovery step, reducing dATPs during
the recovery step increases the number of G to A and C to T mutations. Optionally, therefore,
the step of amplifying the at least one target nucleic acid molecule comprising nucleotide
analogs in the absence of nucleotide analogs or amplifying the mutated at least one target
nucleic acid molecule in the absence of the nucleotide analog is carried out using dNTPs at
unequal concentrations, and the dNTPs at unequal concentrations comprises dATP at a lower
concentration compared to other dNTPs.

Examples

Example 1 - Mutating nucleic acid molecules using PrimeStar GXL of other polymerases

[0181] DNA molecules were fragmented to the appropriate size (e.g. 10 kb) and a defined
sequence priming site (adapter) was attached on each end using tagmentation.

[0182] The first step is a tagmentation reaction to fragment the DNA. 50 ng high molecular
weight genomic DNA in 4ul or less volume of one or more bacterial strains was subjected to
tagmentation under the following conditions. 50 ng DNA is combined with 4 ul Nextera
Transposase (diluted to 1:50), and 8 ul 2X tagmentation buffer (20mM Tris [pH7.6], 20mM
MgCl, 20% (v/v) dimethylformamide) in a total volume of 16 pl. The reaction was incubated at
55°C for 5 minutes, 4ul of NT buffer (or 0.2% SDS) was added to the reaction and the reaction
was incubated at room temperature for 5 minutes.
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[0183] The tagmentation reaction was cleaned using SPRIselect beads (Beckman Coulter)
following the manufacturer's instructions for a left side size selection using 0.6 volume of
beads, and the DNA was eluted in molecular grade water.

[0184] This was followed by PCR with a combination of standard dNTPs and dPTP for a limited
6 cycles. Using Primestar GXL, 12.5 ng of tagmented and purified DNA was added to a total
reaction volume of 25ul, containing 1 x GXL buffer, 200 uM each of dATP, dTTP, dGTP and
dCTP, as well as 0.5 mM dPTP, and 0.4 uM custom primers (Table 2).

Table 2:
XXX
X
CAAGCAGAAGACGGCA NNN X  {GTCTCGTGG
i7 custom index { TACGAGAT NNN X {GCTCGG
primer
NNN
N
AATGATACGGCGACCA XXX N | TCGTCGGCA
i5 custom index {CCGAGATCTACAC XXX N |GCGIC
primer

Table 2. Custom primers used for mutagenesis PCR on 10kbp templates. XXXXXX is a
defined, sample-specific 6-8nt barcode sequence. NNNNNN is a 6nt region of random
nucleotides.

[0185] The reaction was subject to the following thermal cycling in the presence of Primestar
GXL. Initial gap extension at 68°C for 3 minutes, followed by 6 cycles of 98°C for 10 seconds,
55°C for 15 seconds and 68°C for 10 minutes.

[0186] The next stage is a PCR without dPTP, to remove dPTP from the templates and replace
them with a transition mutation ("recovery PCR"). PCR reactions were cleaned with SPRIselect
beads to remove excess dPTP and primers, then subjected to a further 10 rounds (minimum 1
round, maximum 20) of amplification using primers that anneal to the fragment ends
introduced during the dPTP incorporation cycles (Table 3).

Table 3
CAAGCAGAAGAC
GGCATACGA
i7 flow cell primer
AATGATACGGCG
ACCACCGA
15 flow cell primer
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[0187] This was followed by a gel extraction step to size select amplified and mutated
fragments in a desired size range, for example from 7-10 kb. The gel extraction can be done
manually or via an automated system such as a BluePippin. This was followed by an additional
round of PCR for 16-20 cycles ("enrichment PCR").

[0188] After amplifying a defined number of long mutated templates, random fragmentation of
the templates was carried out to generate a group of overlapping shorter fragments for
sequencing. Fragmentation was performed by tagmentation.

[0189] Long DNA fragments from the previous step were subject to a standard tagmentation
reaction (e.g. Nextera XT or Nextera Flex), except that the reaction was split into three pools
for the PCR amplification. This enables selective amplification of fragments derived from each
end of the original template (including the sample barcode) as well as internal fragments from
the long template that have been newly tagmented at both ends. This effectively creates three
pools for sequencing on an lllumina instrument (e.g. MiSeq or HiSeq).

[0190] The method was repeated using a standard Taq (Jena Biosciences) and a blend of Taq
and a proofreading polymerase (DeepVent) called LongAmp (New England Biolabs).

[0191] The data obtained from this experiment is depicted in Figure 1. No dPTP was used a
control. Reads were mapped against the E. coli genome, and a median mutation rate of ~ 8%
was achieved.

Example 2 - Comparison of mutation frequencies of different DNA polymerases

[0192] Mutagenesis was performed with a range of different DNA polymerases (Table 4).
Genomic DNA from E. coli strain MG1655 was tagmented to produce long fragments and bead
cleaned as described in the method of Example 1. This was followed by "mutagenesis PCR" for
6 cycles in the presence of 0.5 mM dPTP, SPRIselect bead purification and an additional 14-16
cycles of "recovery PCR" in the absence of dPTP. The resulting long mutated templates were
then subjected to a standard tagmentation reaction (see Example 1) and "internal" fragments
were amplified and sequenced on an Illlumina MiSeq instrument.

[0193] The mutation rates are described in Table 4, which normalized frequencies of base
substitution via dPTP mutagenesis reactions as measured using lllumina sequencing of DNA
from the known reference genome. For Taq polymerase, only ~12% of mutations occur at
template G+C sites, even when used in buffer optimised for Thermococcus polymerases.
Thermococcus-like polymerases result in 58-69% of mutations at template G+C sites, while
polymerase derived from Pyrococcus gives 88% of mutations at template G+C sites.

[0194] Enzymes were obtained from Jena Biosciences (Taq), Takara (Primestar variants),
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Merck Millipore (KOD DNA Polymerase) and New England Biolabs (Phusion).

[0195] Taq was tested with the supplied buffer, and also with Primestar GXL Buffer (Takara) for
this experiment. All other reactions were carried out with the standard supplied buffer for each

polymerase.
Table 4
Mutation frequency (% of total observed
mutations)
Polymerase1 Origin A — T — G — C — Other
G C A T (transversion)
Taq (standard buffer) § Thermus 431 {417 6.3 6.1 2.7
aquaticus
Taq (Thermococcus §{Thermus 489 §47.5 {29 0.7 0.0
buffer?) aquaticus
Primestar GXL Thermococcus §{21.5 §{20.1 {29.5 {28.9 {0.0
Primestar HS Thermococcus §16.3 {15.2 {30.1 {38.4 ;0.0
Primestar Max Thermococcus {16.5 {14.6 {33.2 {35.7 {0.0
KOD DNA Thermococcus §20.5 {16.1 {31.8 {31.5 ;0.0
polymerase
Phusion Pyrococcus 5.4 6.4 {441 1441 {00

Example 3 - determining dPTP mutagenesis rates

[0196] We performed dPTP mutagenesis on a range of genomic DNA samples with different
levels of G+C content (33-66%) using a Thermococcus polymerase (Primestar GXL; Takara)
under a single set of reaction conditions. Mutagenesis and sequencing was performed as
described in the method of example 3, except that 10 cycles of "recovery PCR" were
performed. As predicted, mutation rates were roughly similar between samples (median rate 7-
8%) despite the diversity of G+C content (figure 2).

Example 4 - measuring template amplification bias

[0197] Template amplification bias was measured for two polymerases: Kapa HiFi, which is a
proofreading polymerase commonly used in lllumina sequencing protocols, and PrimeStar
GXL, which is a KOD family polymerase known for its ability to amplify long fragments. In the
first experiment Kapa HiFi was used to amplify a limited number of E. coli genomic DNA
templates with sizes around 2kbp. The ends of these amplified fragments were then
sequenced. A similar experiment was done with PrimeStar GXL on fragments around 7-10kbp
from E. coli. The positions of each end sequence read were determined by mapping to the E.
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coli reference genome. The distances between neighboring fragment ends was measured.
These distances were compared to a set of distances randomly sampled from the uniform
distribution. The comparison was carried out via the nonparametric Kolmolgorov-Smirnov test,
D. When two samples come from the same distribution, the value of D approaches zero. For
the low bias PrimeStar polymerase, we observed D=0.07 when measured on 50,000 fragment
ends, compared to a uniform random sample of 50,000 genomic positions. For the Kapa HiFi
polymerase we observed D=0.14 on 50,000 fragment ends.

Example § - Using two identical primer binding sites and a single primer sequence for
preferential amplification of longer templates

[0198] As described above, tagmentation can be used to fragment DNA molecules and
simultaneously introduce primer binding sites (adapters) onto the ends of the fragments. The
Nextera tagmentation system (lllumina) utilises transposase enzymes loaded with one of two
unique adapters (referred to here as X and Y). This generates a random mixture of products,
some with identical end sequences (X-X, Y-Y) and some with unique ends (X-Y). Standard
Nextera protocols use two distinct primer sequences to selectively amplify "X-Y" products
containing different adapters on each end (as required for sequencing with lllumina
technology). However, it is also possible to use a single primer sequence to amplify "X-X" or "Y-
Y" fragments with identical end adapters.

[0199] To generate long mutated templates containing identical end adapters, 50 ng of high
molecular weight genomic DNA (E. coli strain MG1655) was first subjected to tagmentation and
then cleaned with SPRIselect beads as described in Example 1. This was followed by 5 cycles
of "mutagenesis PCR" with a combination of standard dNTPs and dPTP, which was performed
as detailed in Example 1 except that a single primer sequence was used (Table 5).

[0200] The PCR reaction was cleaned with SPRIselect beads to remove excess dPTP and
primers, then subjected to a further 10 cycles of "recovery PCR" in the absence of dPTP to
replace dPTP in the templates with transition mutations. Recovery PCR was performed with a
single primer that anneals to the fragment ends introduced during the dPTP incorporation
cycles, thereby enabling selective amplification of mutated templates generated in the previous

PCR step.
Table 5:
Primer Step Sequence
name
single_mut{mutagenesis NNN
TCGGTCTGCGCCTC XXXXXXX GTCTCGTGG
TAGC XXXXXX GCTCGGAG
single_rec {recovery TCGGTCTGCGCCTCTAGC
CAAGCAGAAGACG
GCATACGAGAT
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Primer Step Sequence
name

Table 5. Primers used to generate mutated templates with the same basic adapter structure
on both ends. Primer "single mut" was used for mutagenesis PCR on DNA fragments
generated by Nextera tagmentation. This primer contains a 5' portion that introduces an
additional primer binding site at the fragment ends. Primer "single rec" is capable of annealing
to this site, and was used during recovery PCR to selectively amplify mutated templates
generated with the single_mut primer. XXOOOXXXXXXXX is a defined, sample-specific 13nt
barcode sequence. NNN is a 3nt region of random nucleotides.

[0201] As a control, mutated templates with different adapters on each end were generated
using an identical protocol to that described above, except that two distinct primer sequences
were used during both mutagenesis PCR (shown in Table 2) and recovery PCR (Table 3). Final
PCR products were cleaned with SPRIselect beads and analysed on a High Sensitivity DNA
Chip using the 2100 Bioanalzyer System (Agilent). As shown in Figure xxx, the templates
generated with identical end adapters were significantly longer on average than the control
sample containing dual adapters. Control templates could be detected down to a minimum size
of ~800 bp, while no templates below 2000 bp were observed for the single adapter sample.

[0202] Mutated templates with identical end adapters (blue) and control templates with dual
adapters were run on an Agilent 2100 Bioanalyzer (High Sensitivity DNA Kit) to compare size
profiles. The use of identical end adapters inhibits the amplification of templates < 2kbp. The
data is presented in Figure 6.

Example 8 - Further reducing the mutation bias of Themmococcus polymerases by
altering natural dNTP levels during PCR

[0203] Although Thermococcus polymerases generate a much more balanced mutation profile
compared to other DNA polymerases, they do exhibit a small amount of bias towards
mutations at G and C sites (see Table 4). To eliminate this residual bias, we tested the effect of
altering the concentrations of natural dNTPs during the mutagenesis and recovery PCR steps
to influence the relative incorporation rates of the different nucleotides.

[0204] First, long mutated templates were prepared from bacterial genomic DNA (E. coli strain
MG1655) using the approach outlined in Example 5, except that the concentration of individual
nucleotides in the PCR reactions were varied. This was achieved by adding individual solutions
of the four natural nucleotides (purchased from New England Biolabs) separately to the PCR
mixture, either at a standard final concentration of 200 uM or at a lower concentration of 160
MM (80% relative to standard) or 100 uM (50%). Only one nucleotide was varied per reaction.
As a control, all natural nucleotides were added to the same final concentration of 200 yM,
using an equimolar dNTP mixture provided with the Primestar GXL polymerase (Takara). Five
mutagenesis PCR cycles and twelve recovery cycles were performed using primers shown in
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Table 5. The resulting long mutated templates were then subjected to a standard tagmentation
reaction (see Example 1) and "internal" fragments were amplified and sequenced on an
lllumina MiSeq instrument. Mutation frequencies were determined by comparison against the
known reference sequence.

[0205] As shown in Table 6 changes in the concentration of individual dNTPs during
mutagenesis and/or recovery PCR altered the observed profile of mutations. Importantly,
limiting the amount of dTTP by 50% during mutagenesis was found to produce virtually
identical mutation frequencies for each nucleotide (Table 3). This confirms that the residual
mutation bias of Thermococcus polymerases can be eliminated through changes in dNTP
levels.

Table 6.

Mutation frequency (% of total

observed mutations)

Treatment A—-G ({T-C G-A (C->T
Equimolar dNTP control 17.4 16.8 32.1 33.7
80% dTTP (mutagenesis) 13.9 13.8 36.1 36.2
50% dTTP (mutagenesis) 23.7 249 25.3 26.2
80% dATP (recovery) 13.4 12.5 36.7 37.3
50% dATP (recovery) 18.9 19.1 31.4 30.6
80% dTTP (mutagenesis) and 80%
dATP (recovery) 17.8 15.0 34.0 33.2
50% dTTP (mutagenesis) and 50%
dATP (recovery) 34.4 34.7 15.4 15.5

SEQUENCE LISTING

[0206]

<110> LONGAS TECHNOLOGIES PTY LTD
<120> ENZYME

<130> N411620WO

<140> TBC
<141>2019-02-19

<150> GB 1802744 .1
<151>2018-02-20

<160> 136



<170> PatentIn version 3.5

<210>1

<211> 2325
<212> DNA

<213> Artificial Sequence

<220>

<223> DNA polymerase from Thermococcus sp.

<400> 1

atgatectcg
aaggagaacg
ctectgaagg
acggttgtaa
gaggtctgga
cgagagcate
ctcatagaca
gatatcgaga
agctacgecg
gttgacgtcg
aaagatcctg
aaacgctgtg
attcagagga
tatectgtga
gecgtetteg
agcggtgaag
gagettggga

ctctgggacg

gcctacgaga
cgacagagct
gtgtacctag
gatactetcea
ttcectgecaagy
cagaagataa
tacaggcaga
agggcgeget
ataacgatga

accgacggat

acactgacta
gegagtttaa
acgattctge
cggttaagecg
aactctactt
cagcagttat
agggattagt
cgetotacca
acgaggaagg
tetegacgga
acgtcctaat
aaaagcttgg
tgggegacag
taagacggac
gtcagccgaa
gecttgagag
aggagttttt

tetceegete

ggaatgaget
atgaaggagg
attttagatc
acagggaagg
actteccagg
agaagaagat
gggccatcaa
ggtactgecaa
ccatcagaga

tttttgecac

cataactgag
gattgagtac
cattgaggag
ggctgaaaag
tactcaccct
tgacatctac
gccaatggaa
tgagggegag
ggccagggtg
gagggagatg
aacctacaac
aataaacttc
gtttgecegte
gataaacctg
ggagaaggte
agtagccaga
cectatggag

cagcactgge

ggccccgaac
ctatgtaaaa
tetgtaccee
atgcaaggaa
atttatecccyg
gaaggeccacyg
gatcetggee
ggagtgtgea
gatagaggaa

aatacctgga

aatggaaaac
gataggactt
gtcaagaaga
gttcagaaga
caggacgtce
gagtacgaca
ggcgacgagg
gagttegeceg
ataacgtgga
ataaagcgct
ggcgacaact
acgctcggaa
gaagtgaagg
ceccacataca
tacgectgagg
tactecgatgyg
gcccagettt

aacctcgttg

aageccgatg
gagcccgaga
tcaatcatca
tatgacgttyg
agecctgettg
attgaccega
aacagctact
gagagcegtaa
aagtacgget

gccgatgcectg

KS-1

ccgtcataag
ttgaacccta
taaccgeccga
agttcctegg
cagcgataag
taccecttege
agctgaaaat
aggggccaat
agaacgcgga
tecetaaaggt
tecgacttege
gggacggaag
gacggataca
cgettgagge
agatagctac
aagatgcgaa
ctegettaat

agtggttect

aaaaggagct
gagggttgtg
t.cacccacaa
ccececaggt
gagacctect
tecgagaggaa
acggttacta
cggcetgggg
ttaaggtaat

aaaccgtcaa

gatttteaag
catttacgece
gaggcacgga
gagaccagtt
ggacaagata
caagcgctac
gettgecttt
ccttatgata
tetgecetac
ggtcaaagag
ctacctaaaa
cgagccgaag
cttegatcetc
cgtttatgaa
agcttgggag
ggtcacatac
cggecagtcoe

cctcaggaag

ggccagaaga
ggagaacata
cgtctaegecg
cggtcacege
agaggagagg
gctectegat
cggectatgea
aagggagtac
ctacagegac

aaagaaggcg
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atggagttce
ggcttetaca
ggcaagataa
gagacgcagg
aggatagtca
gtgatccacyg
geccgttgeca
tacategtge
gacccgacga
gttgagagaa
agacaggttg
<210> 2

<211>774
<212> PRT

tcaagtatat
aacgcggett
caacgcgegg
cgagggttct
aagaagttac
agcagataac
agaggttgge
tcaagggete
agecacaagta
ttetgagage

gtetgggage

caacgccaaa
cttegtecacyg
acttgagatt
tgaagetttg
cgaaaagctg
gagggattta
cgcgagagga
tgggaggata
cgacgcegag
ctteggttac

ctggetgaag

<213> Artificial Sequence

<220>

<223> DNA polymerase from Thermococcus sp.

<400> 2
Met Ile
1

Arg Ile

Thr Phe

35

Glu
50

Glu

Val
65

Lys
Glu Vval
Arg Asp
Tle

Asp

Glu
130

Met

Leu
145

Tyxr

Leu

Phe

Glu

val

Arg

Trp

Lys

Pro

115

Gly

His

Asp
5

Lys
20

Pro

Lys Lys

Ala Glu

70

Leu
85

Lys

Ile
100

Arg
Phe Ala
Glu

Asp

Glu Gly

Ile

Lys

Tyr

Glu

Lys

Glu

Glu

40

Thr
55

Val

Thr

Phe

His Pro

Gln Lys

His

Ala

cteccgggeg
aagaagaagt
gtgaggegeg
ctaaaggacg
agcaagtacg
aaggactaca
gtcaaaatac
ggcgacaggy
tactacattg
cgcaaggaag

cegaagggaa

Thr Asp Tyr Ile Thr Glu Asn

10

Lys Glu Asn Gly Glu Phe Lys
25

Tyr Ile Tyr Ala Leu Leu Lys

Ala Glu Arg His

Phe
75

Lys

Pro Gln

20

val Ile

105

Arg Tyr

120

Leu
135

Lys

Glu Phe

150

Leu

Met

Ala

Ile Asp

Leu Ala

Glu Gly

155

cgettgaget
acgeggtgat
actggagcga
gtgacgtega
aggtteccgee
aggcaaccgg
gcectggaac
cgataccgtt
agaaccaggt
acctgegeta

cttga

KS-1

cgagtacgag
agacgaggaa
gatagcgaaa
gaaggeegtg
ggagaagctg
tecececcacgtt
ggtgataagc
cgacgagtte
tetececageoe

cecagaagacq

Gly Lys Pro Val Ile

15

Ile Glu Tyr Asp Arg

30

Asp Asp Ser Ala Ile

45

Gly Thr val
60

Leu Gly Arg

Asp Val Pro

Asp Ile Tyr

110

Lys Gly Leu

125

Phe
140

Asp Ile

Pro Ile Leu

val Thr

Val
80

Pro

Ala
95

Ile

Glu Tyr

Val Pro

Glu Thr

Met Ile

160
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Ser

Asp

Arg

Tyr

Lys

225

Ile

His

Tyr

Lys

Leu

305

Glu

Ile

val

Pro

Glu

385

val

Asn

Val

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyx

Val

Ala

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro
435

Asp

Tyr

180

Lys

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Lys

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Gln

Glu

165

val

Val

Asn

Asn

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Asp

Val

Phe

405

Asp

Val

Glu

Asp

Val

Phe

Phe

230

Asp

Pro

Vval

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys

390

Arg

Thr

Gly

Gly

Val

Lys

Asp

215

Thr

Arg

val

Tyr

Ile

295

Tyr

Phe

Asp

Arg

Lys

375

Glu

Ser

Leu

His

Ala

Val

Glu

200

Phe

Leu

Phe

Ile

Glu

280

Ala

Ser

Pro

Val

Lys

360

Glu

Pro

Leu

Asn

Arg
440

Arg

Ser

185

Lys

Ala

Gly

Ala

Arg

265

Ala

Thr

Met

Met

Ser

345

Ala

Leu

Glu

Tyr

Arg

425

Phe

val

170

Thr

Asp

Tyr

Arg

val

250

Arg

val

Ala

Glu

Glu

330

Arg

Tyr

Ala

Arg

Pro

410

Glu

Cys

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Arg

Gly

395

Ser

Gly

Lys

Thr Trp

Arg Glu

Asp Val
205

Lys Lys
220

Gly Ser

Vval Lys

Ile Asn

Gly Gln

285

Glu Ser

300

Ala Lys

Gln Leu

Ser Thr

Arg Asn

365

Arg Arg

380

Leu Trp

Ile Ile

Cys Lys

Asp Phe
445

Lys Asn Ala
175

Met Ile Lys
190

Leu Ile Thr

Arg Cys Glu

Glu Pro Lys
240

Gly Arg Ile
255

Leu Pro Thr
270

Pro Lys Glu

Gly Glu Gly

Val Thr Tyr
320

Ser Arg Leu
335

Gly Asn Leu
350

Glu Leu Ala

Gln Ser Tyr

Glu Asn Ile
400

Ile Thr His
415

Glu Tyr Asp
430

Pro Gly Phe
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Ile

Lys

465

Tyr

Tyr

val

Glu

Phe

545

Met

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

val

Pro

450

Lys

Arg

Gly

Thr

Glu
530

Ala

Glu

Glu

Tyr

Ile

610

val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

val

Lys

Ala

675

Val

Ser

Thr

Pro

Leu

Lys

Arg

Ala

500

Trp

Tyr

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

7AN

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

aAla

Glu

645

val

Gly

Ile

Arg

His

725

val

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Leu

630

Val

Ile

Pro

Arg

Ile

710

Lys

Glu

Asp

455

Ile

Lys

Arg

Glu

Lys
535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Leu

Asp

Ile

Trp

Tyr

520

Val

Asp

Asn

Lys

Glu

600

Ser

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Leu

Pro

Leu

Tyr

505

Ile

Ile

Ala

Ala

Arg

585

Gly

Glu

Asp

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu
AR

Glu

Ile

Ala

490

Cys

Thr

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Val

Val

Ala

Glu

730

Arg

Glu

Glu

475

Asn

Lys

Met

Ser

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Tle

Ile

715

Tyr

Ala

Arg

460

Arg

Ser

Glu

Thr

Asp
540

val

Pro

Phe

Thr

Lys

620

val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gln

Lys

Tyr

Cys

Ile

525

Thr

Lys

Gly

val

Thr

605

Glu

Glu

Tyr

Asp

Arg

685

Tyr

Phe

Ile

Gly

Lys

Leu

Tyr

Ala

510

Arg

Asp

Lys

Ala

Thr

590

Arg

Thr

Lys

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

TEN

Ile

Leu

Gly

495

Glu

Glu

Gly

Lys

Leu

575

Lys

Gly

Gln

Ala

vVal

655

Lys

Ala

Val

Glu

Asn

735

Arg

Lys

Asp

480

Tyr

Ser

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Lys

DK/EP 3673084 T3



19V

Glu Asp Leu Arg Tyr Gln Lys Thr Arg Gln Val Gly Leu Gly Ala Trp
755

760

Leu Lys Pro Lys Gly Thr

770

<210>3

<211> 2325
<212> DNA

<213> Artificial Sequence

<220>

765

<223> DNA polymerase from Thermococcus celer

<400> 3
atgatcctcg

aaggagaagg
ctectgaagqg
aaggccgtca
gaggtcetgga
aggaagcatce
ctcatcgata
gacatcgaga
agctacgecg
gtcgacgteg
aaggaccegg
agacgctecg
atccagegea
tacccggtga
gecatcectteg
aceggcgagyg
gagcteggga
ctetgggacyg
gectacgaga
aggcgtgget
gtgtaccteg
gataccctaa
ttetgcaaag
cagaagataa

tacaggcaga

acgctgacta
gegagtteag
acgattegge
gggttaageg
agctctactt
cggecgtegt
aggggctcgt
ccctectacca
acggggacgg
tectegaccga
acgtgetegt
aggagcttgg
tgggecgaceg
taaggcgecac
ggaggccaaa
gtettgagag
gggagttcett
tetecegete
ggaacgaact
acgceggtgg
actttcgete
acagggaggg
attttceggg
ageggaggat

gggeccatcaa

catcaccgaa
aatcgactac
catcgaggag
ggtggagaag
caatcacccyg
tgatatctac
cccgatggag
cgagggagac
ggcgagggte
gaaggagatg
aacttacaac
attgaagtte
cttegeegte
cgtgaacctg
ggagaaggtc
ggttgeecage
cecgatggag
gagcaccggce
ggcecccgaac
ttacgttaag
tectttaccee
ctgtgagaac
cttecateceqg
gaaggectcet

gatactggee

gatgggaagc
gacagggact
gtgaagagga
gtcgaaaaga
caggacgtte
gagtacgaca
ggg9gaggagg
gagttcgggg
ataacctgga
ataaageget
ggcgacaact
ateccteggga
gaggtgaagg
ccgacctaca
tacgcegggg
tactceecatgg
geccagetet
aacctggtcg
aagccgageg
gagccggaga
tccatecatca
tacgacgtceg
agecctgeteg
gtggatcceyg

aacagcttcet

ccgtegtgag
tecgageeccta
taacecgttga
agttcectcaa
cggcgataag
teeecettege
agctcaaact
aggggccgat
agaagatcga
teetecaggt
tcgacttege
gggacgggag
ggaggataca
cgctcgagge
agatagtgga
aggacgcaaa
cgaggctcat
agtggttecet
geecgggaagt
ggggtttatg
taacccacaa
cceceecaggt
gaggcectget
ttgagcggaa

acggatacta

gatattcagg
catctacgee
gegecacggqg
caggccgata
ggacgagata
caagcgetac
gatggecttc
cctgatgata
cctcecectac
ggtgaaggag
ctacctgaag
cgagcccaag
cttegaccete
ggtctacgag
ggcctgggaa
ggttacctte
cggccagggt
cctgaggaag
ggagatcagg
ggagaacatce
cgtctegeece
ggggcataag
tgaggagagg
gctectegat

cggctacgeg
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agggcgaggt
atcgataggg

acggacggac

agggggttce

gggttctace
ggcaagataa
gagacgcagg
agaatcgtea
gtgatccacyg
geggtggega
tacategtece
gacccgacta
gtcgagagga
aggcaggtgg
<210> 4

<211>774
<212> PRT

ggtactgcag
tcatcaggga
tgcacgccac

tgagatacat

tgaggggttt
ccacgcgcgg
cgagggtect
gggaggtaac
agcagataac
agcgcectgge
tcaagggete
agcacaggta
tectgaagge

geetgggtge

ggagtgegeg
getegaggag
gatcccecggg

caaccccaag

cttegtgacyg
cctcgagata
ggaggcgata
cgaaaagctg
gagggatttg
cgggaggggyg
cggaaggata
cgacgecgac
ctteggetac

gtggetcaac

<213> Artificial Sequence

<220>

gagagcgtta
aagttecgget
gcggacgcecg

cteocoecggee

aagaagaagt
gtcaggcggg
ctgaggcacg
agcaagtacg
agggactaca
gtaaggatac
ggggacaggyg
tactacatcg
cgcaaggagg

geggggaagyg

cegectgggyg
tcaaggtget
ggaccgtcaa

teectggaget

acgeggtceat
actggagcga
gtgacgtcga
aggttecagee
aagccacggg
gccecegggac
cgattccett
agaaccaggt
acctgaaata

ggtga

<223> DNA polymerase from Thermococcus celer

<400> 4
Met Ile
1

Arg Ile

Asp Phe

35

Glu Glu

50

val
65

Lys
Glu Val
Arg

Asp

Asp Ile

Leu

Phe

Glu

Val

Arg

Trp

Glu

Pro

Asp Ala

Arg
20

Lys
Pro Tyr
Lys Arg
Val

Glu

Leu
85

Lys

Ile
100

Arg

Phe Ala

115

Asp

Glu

Tle

Ile

Lys

70

Tyr

Lys

Lys

Tyr Ile

Lys

Gly

Ala
40

Tyr

Thr
55

Val

Val Glu

Phe Asn

His Pro

Arg Tyr

120

Thr Glu

10

Asp

Glu
25

Phe Arg

Leu Leu Lys

Glu Arg His

Phe
75

Lys Lys

Pro Gln

20

His

Ala Vval

105

val

Leu Ile Asp

Gly Lys Pro

Ile Asp

30

Asp Asp

Gly Lys

Leu Asn

Asp Val Pro

Asp Ile

110

Lys Gly

125

Tyr

Ser

Ala

Arg

Tyr

Leu

cagggagtac
ctacgcggac
ggagagggcg

cgagtacgag

agacgaggag
ggtggceaag
ggaggcegtt
ggagaaactg
accgcacgtg
ggtgataage
cgacgagtte
tetgecagee

ccagaagacg

vVal
15

Val
Asp Arg
Ala Tle
vVal

Arg

Ile
80

Pro

Ala
95

Ile
Glu

Tyr

Val Pro
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Met

Leu

145

Ser

Asp

Arqg

Tyr

Glu

225

Ile

His

Tyr

Lys

Leu

305

Glu

Ile

val

Pro

Ala
385

Vval

Asn

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

val

290

Glu

Leu

Gly

Glu

Asn
370

Gly

Tyr

val

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Glu

Glu

Asp

Tyr

180

Gln

Asp

Leu

Met

Leu

260

Glu

Ala

val

Arg

Gly

340

Phe

Pro

Tyr

Asp

Pro
420

Glu

Gly

Gly

165

val

val

Asn

Lys

Gly

245

Tyr

Ala

Gly

Ala

Glu

325

Leu

Leu

Ser

val

Phe
405

Asp

Glu

Asp

150

Asp

Asp

val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Gly

Lys
3590

Arg

Thr

Leu

135

Glu

Gly

Val

Lys

Asp

215

Ile

Arg

Val

Tyr

Ile

295

Tyr

Phe

Asp

Arg

Arg
375

Glu

Ser

Leu

Lys

Phe

Ala

val

Glu

200

Phe

Leu

Phe

Ile

Glu

280

val

Ser

Pro

vVal

Lys

360

Glu

Pro

Leu

Asn

Leu Met

Gly Glu

Arg Val
170

Ser Thr
185

Lys Asp

Ala Tyr

Gly Arg

Ala Val
250

Arg Arg
265

Ala Ile

Glu Ala

Met Glu

Met Glu
330

Ser Arg
345

Ala Tyr

Val Glu

Glu Arg

Tyr Pro
410

Arg Glu
425

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Ile

Gly
395

Ser

Gly

Phe

140

Pro

Thr

Lys

Asp

Lys

220

Gly

val

Val

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg
380

Leu

Tle

Cys

Asp

Ile

Trp

Glu

val

205

Arg

Ser

Lys

Asn

Arg

285

Thr

Lys

Leu

Thr

Asn

365

Arg

Trp

Ile

Glu

Ile

Leu

Lys

Met

190

Leu

Arg

Glu

Gly

Leu

270

Pro

Gly

Val

Ser

Gly

350

Glu

Arg

Glu

Ile

Asn
430

Glu

Met

Lys

175

Ile

val

Ser

Pro

Arg

255

Pro

Lys

Glu

Thr

Arg

335

Asn

Leu

Gly

Asn

Thr
415

Tyr

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Phe

320

Leu

Leu

Ala

Tyr

Ile
400

His

Asp

DK/EP 3673084 T3



val

Ile

Arg

465

Tyr

Tyr

Val

Glu

His

545

Arg

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Aan

Ala

Pro

450

Arg

Arg

Gly

Thr

Glu

530

Ala

Gly

Glu

Tyxr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pra

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

val

Leu

vVal

Lys

Ala

675

val

Ser

Thr

Gln

Leu

Lys

Arg

Ala

500

Trp

Phe

Ile

Leu

Glu

580

val

Arg

Glu

Arg

Leu

660

Thr

Arg

Gly

Tuoe

val

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Arg

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

Hie

Gly

Gly

Ser

470

Ile

Ala

Arg

Phe

Gly

550

TYyr

Phe

Asp

Asp

Ile

630

val

Ile

Pro

Arg

Ile

710

Are

His

Gly

455

val

Lys

Arg

Glu

Lys

535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Twrr

Lys

440

Leu

Asp

Ile

Trp

Tyr

520

val

Asp

Asn

Leu

Glu

600

Ser

Arg

Glu

Glu

val

680

Gly

Asp

Aar

Phe

Leu

Pro

Leu

Tyr

505

Ile

Leu

Ala

Pro

Arg

585

Gly

Glu

His

Lys

Gln

665

Ala

Thr

Arg

ala

Cys

Glu

val

Ala

490

Cys

Asp

Tyr

Gly

Lys

570

Gly

Lys

Vval

Gly

Leu

650

Ile

val

val

Ala

den

Lys

Glu

Glu

475

Asn

Arg

Arg

Ala

Thr

555

Leu

Phe

Ile

Ala

Asp

Asp

Arg

460

Arg

Ser

Glu

Val

Asp

540

Vval

Pro

Phe

Thr

Lys

620

val

635

Ser

Thr

Ala

Ile

Ile

715

T+

Ser

Lys

Arg

Lys

Phe

445

Gln

Lys

Phe

Cys

Ile

525

Thr

Lys

Gly

Vval

Thr

605

Glu

Glu

Tyr

Arg

Asp

Pro

Lys

Leu

Tyr

Ala

510

Arg

Asp

Glu

Leu

Thr

590

Arg

Thr

Glu

Glu

Leu

Gly

Ile

Leu

Gly

495

Glu

Glu

Gly

Arg

Leu

575

Lys

Gly

Gln

Ala

Phe

Lys

Asp

480

Tyr

Ser

Leu

Leu

Ala

560

Glu

Lys

Leu

Ala

val

640

Val Pro

655

670

€85

700

Pro

M

Phe

Tyr

Tle

Leu

Ile

Asp

=111

Arg Asp

Ala Gly

Val Leu

Glu Phe

720

Aen RIn

DK/EP 3673084 T3



P

val Leu

Glu Asp

Pro

Leu

o

725

Ala
740

Lys

755

Asn
770

Leu

<210>5

<211> 2328
<212> DNA

Ala

Gly

e hr mma g

Val Glu Arg

Tyr Gln Lys

-y mmep

Ile

Thr
760

Lys Gly

<213> Artificial Sequence

<220>

s o

730

-y -

Leu Ala

745

Lys

Arg Gln Val

-y~
Phe

Gly

Leu
765

Gly

<223> DNA polymerase from Thermococcus siculi

<400> 5
atgateccteg

aaagagaacg
ctectgaagg
acggtggtga
gaagtctgga
aggaagcate
ctcatcgaca

gacattgaga

agctacgeceg
gttgacgtceg
aaagatcceg
aagcgetgtg
atccagagaa
tatcctgtaa
gececatetttg
accggagagg
gagcttggaa
ttectgggatg
gcctacgaga
cgcggtggat
gtctaccteg
gatacccteca

ttctgcaagg

acacggacta
gcgagttcaa
acgactecge
aggtcaageg
agctctactt
cagctgtaat
agggectgat

cgectectacea

acgagagcga
tetcaacgga
atgtcctcat
aaaaqecttgg
tgggtgaceg
taaggcgcac
ggaagccaaa
gecttgagag
aggagttctt
tegegegete
ggaacgagct
acgeccggegyg
actataaatce
accgegaggg

acttteccagg

catcacggaa
gatcgagtac
gattgaggat
cgccgaaaag
cacccaccee
tgacatectac
teccgatggag

tgagggtgag

ggcacgagte
gaaggagatg
aacctacaac
aataaactte
cttegeegtt
gataaacctg
ggagaaggtt
ggtggetege
cecgatggag
aagecacgggce
ggctccaaac
ctacgtcaag
tetetaceoce
ctgtaaggag

cttcatcceg

gatgggaaac
gacaggactt
gttaaaaaga
gtgcagaaga
caagatgtcce
gagtacgaca
ggtgaagaag

gagttecgeeg

atcacctgga
ataaagcgcect
ggcgacaact
ctcettggaa
gaggtgaagg
cecgacctaca
tacgecegagg
tactctatgg
geccaacttt
aatctggtcg
aagecctetg
gaaccggaaa
tcaatcatca
tatgacgtag

agecctgeteg

ccgtcataag
ttgaacccta
taaccgeega
agttectagg
cggcgataag
taccattege
agcttaagat

aggggectat

agaaaatcga
tecteegegt
tcgacttege
gggacgggag
ggaggataca
tgettgagge
agatagccac
aggacgcgaa
cgaggttggt
agtggtteet
gaagggaata
agggcetgtg
tcaccecacaa
ctecacaggt

gggatectect

Gly Ala

735

Tyr Arg Lys
750

Trp

gatattcaag
catctacgcece
gaggecacgga
caggeccggtt
ggacaagatt
caagcgetac
getegeette

tectgatgata

ccteeccctac
tgtgaaggag
ctacctgaag
cgagccgaag
cttecgaccte
agtctacgag
cgcettgggaa
ggtcacgttt
cggccagage
cctcaggaag
tgacgagagg
ggagaacata
cgtctegece
cggccacecge

ggaggagagyg

DK/EP 3673084 T3

60
120
180
240
300
360
420

480

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320

1380



cagaagataa
tacaggcaac
agggcteget
atcaccatga
actgacgget
atggagttce
gacttctaca
ggcaagataa
gagacgcagg
agcatagtca
gttatccacg
gcgatagega
tacatecgtge
gaccccacga
gtcgagagga
aggcaggttg
<210>6

<211>775
<212> PRT

agaggaagat
gggecatecaa
ggtactgcaa
caatcaggga
tettegegac
tcaagtacat
ggegeggett
caacgcgcegg
cgegggttet
aagaagtgac
agcagataac
agaggttage
tcaagggete
agcacaagta
ttetgaagge

gacttgggge

gaaggcaaca
gatectteta
ggagtgtgcc
aatagaagag
gattecececggg
aaacgeccaaa
cttegtcace
gctggagatc
ggaggeccett
cgagaagetyg
gecgegagetg
cgegagaggce
cgggaggata
cgatgcagag
ctteggetat

gtggctgaag

<213> Artificial Sequence

<220>

attgacccga
aatagttttt
gagagegtta
aagtatgget
gaagatgecg
ct.ceceggtg
aagaagaaat
gtcaggegeg
ct.gaaggacg
agcaagtacg
aaggactaca
gtcaaaatce
ggcgacaggyg
tactacatcg
cgeggtgagg

ccgaagggga

tcgagagaaa
acggctacta
cggcatgggg
ttaaagtact
agaccatcaa
cget.cgaact
acgeggttat
actggagcga
gtgacgtega
aggttecgee
aggcaacggg
geccegggac
cgattecett
agaaccaggt
agectcagata

aggggtga

<223> DNA polymerase from Thermococcus siculi

<400>6
Met Ile
1

Arg Ile

Thr Phe

35

Glu Asp

val
65

Lys
Glu

val

Arg Asp

Leu

Phe

Glu

val

Arg

Trp

Lys

Asp Thr

Lys
20

Lys
Pro Tyr
Lys

Lys

Ala Glu

Asp

Glu

Ile

Ile

Lys

Tyr Ile

Asn

Gly

Ala
40

Tyr

Thr
55

Ala

val Gln

70

Leu
85

Lys

Ile
100

Arg

Tyr

Lys

Phe Thr

His Pro

Thr Glu

10

Asp

Glu
25

Phe Lys

Leu Leu Lys

Glu Arg His

Phe
75

Lys Lys

Pro Gln

90

His

Ala
105

Val Ile

Gly Lys

Ile Glu

Pro

Tyr

gctecttgat
cggctacgea
aagggaatat
ttatgeggace
aaagagggcg
tgagtacgag
cgacgaggag
gatagccaag
agaggccegtg
ggagaagcte
accacacgtg
agtecatcage
cgacgagtte
tctacctgee

ccagaagacg

val
15

Ile

Asp Arg

30

Asp Asp

45

Gly Thr

Leu Gly
val

Asp

Asp Ile

Ser

val

Arg

Pro

Tyr

Ala Ile

val

Lys

val
80

Pro

Ala
95

Ile

Glu Tyr

110

DK/EP 3673084 T3

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280

2328



Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

His

Tyxr

Lys

Leu

305

Glu

val

val

Pro

Ala

385

val

Ile

Glu
130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Met

vVal

2920

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyx

Pro
115

Gly

His

Ala

Pro

Leu
195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Phe

Glu

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

val

Lys

Ser

340

Phe

Pro

Tyr

Asp

Ala

Glu

Gly

Glu

165

Val

val

Asn

Asn

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Phe

Leu

Ser

Val

Tyr
405

Lys

Glu

Glu
150

Ser

Asp

Val

Phe

Phe

230

Asp

Pro

Vval

Glu

Arg

310

Phe

Trp

Leu

Gly

Lys

390

Lys

Arg

Leu

135

Glu

Glu

Val

Lys

Asp

215

Leu

Arg

val

Tyr

Ile

295

Tyr

Phe

Asp

Arg

Arg

375

Glu

Ser

Tyr

120

Lys

Phe

Ala

Val

Glu
200

Phe

Leu

Phe

Ile

Glu

280

Ala

Ser

Pre

Val

Lys

360

Glu

Pro

Leu

Leu Ile

Met Leu

Ala Glu

Arg Val

Asp

Ala

Gly

Lys

Phe

Gly

125

140

155

170

Ser Thr

185

Lys Asp Pro

Ala Tyr

Gly Arg

Ala Val
250

Arg Arg
265

Ala Ile

Thr Ala

Met Glu

Met Glu

330

Ala Arg

345

Ala Tyr

Tyr Asp

Glu Lys

Tyr Pro
410

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Glu

Gly

395

Ser

Ile

Glu

Lys

220

Gly

Val

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg

380

Leu

Ile

Pro

Thr

Lys

Asp

Asp

Ile

Trp

Glu

val

Leu

Ile

Leu

Lys

Met

Ile Pro

Glu Thr

Met Ile

160

Lys Ile

175

190

205

Lys

Ser

Lys

Asn

Lys

285

Thr

Lys

Lau

Thr

Asn

365

Arg

Txrp

Ile

Arg

Glu

Gly

Leu

270

Pro

Gly

val

Ser

Gly

350

Glu

Gly

Glu

Ile

Leu

Cys

Pro

Arg

255

Pro

Lys

Glu

Thr

Arg

335

Asn

Leu

Gly

Asn

Thr
415

Ile Lys

Ile Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Phe

320

Leu

Leu

BAla

Tyr

Ile

400

His
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Asn

Val

Ile

Arg

465

Tyr

Tyxr

val

Glu

Phe

545

Met

Leu

Lys

Glu

Arg

625

Ser

Pro

Tyr

Arg

Lys
705

Val

Ala

Pro
450

Lys

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

val

Ile

Glu

Lys

Gly

690

Gly

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

val

Leu

vVal

Lys

Ala

675

val

Ser

Pro
420

Gln

Leu

Lys

Arg

Ala
500

Trp

Tyr

Ile

Leu

Glu

580

val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Asp

Val

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Lys

565

Asp

Ile

Arg

Ala

Glu

645

Vval

Gly

Ile

Arg

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Leu

630

val

Ile

Pro

Arg

Ile
710

Leu

His

Asp
455

Ile

Lys

Arg

Glu

Lys

535

Glu

1le

Tyr

Glu

Trp

615

Leu

Thrx

His

His

Pro

695

Gly

Asn

Arg

440

Leu

Asp

Ile

Trp

Tyr

520

val

Asp

Asn

Arg

Glu

600

Ser

Lys

Glu

Glu

val

680

Gly

Asp

Arg
425

Phe

Leu

Pro

Leu

Tyr

505

Ile

Leu

Ala

Ala

Arg

585

Gly

Glu

Asp

Lys

Gln

665

Ala

Thr

Arg

Glu

Cys

Glu

Ile

Leu

490

Cys

Thr

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Ile

val

Ala

Gly

Lys

Glu

Glu

475

Asn

Lys

Met

Ala

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile
715

Cys

Asp

Arg
460

Arg

Ser

Glu

Thr

Asp

540

Ile

Pro

Phe

Thr

Lys

620

Vval

Lys

Arg

Lys

Ser

700

Pro

Lys

Phe

445

Gln

Lys

Phe

Cys

Ile

525

Thr

Lys

Gly

Val

Thr

605

Glu

Glu

Tyr

Glu

Arg

685

Tyr

Phe

Glu
430

Pro

Lys

Leu

Tyr

Ala

510

Arg

Asp

Lys

Ala

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Tyxr

Gly

Ile

Leu

Gly

485

Glu

Glu

Gly

Arg

Leu

575

Lys

Gly

Gln

Ala

Val

655

Lys

Ala

val

Glu

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Vval

640

Pro

Asp

Ala

Leu

Phe
720
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Asp

Val

Glu

Leu

Pro

Leu

Glu

Lys
770

<210>7
<211> 774
<212> PRT
<213> Artificial Sequence

<220>
<223> DNA polymerase from Thermococcus kodakarensis

<400> 7

Met

1

Arg

Thr

Glu

val

65

Glu

Arg

Asp

Met

Leu
145

Ser

Asp

Ile

Ile

Phe

Glu

50

Lys

Val

Asp

Ile

Glu
130

Tyr

Tyr

Leu

Thr Lys His Lys
725

Pro Ala Val Glu
740

Leu Arg Tyr Gln
755

Pro Lys Gly Lys

Leu Asp Thr Asp

Phe Lys Lys Glu
20

Glu Pro Tyr Phe
35

Val Lys Lys Ile

Arg Val Glu Lys
70

Trp Lys Leu Tyr
85

Lys Ile Arg Glu
100

Pro Phe Ala Lys
115

Gly Asp Glu Glu

Tyr

Asp Ala Glu

730

Arg Ile Leu Lys

Lys

Gly
775

Tyr

Asn

Tyr

Thr

55

val

Phe

His

Arg

Leu
135

745

Thr Arg Gln

760

Ile

Gly

Ala

40

Ala

Gln

Thr

Pro

Tyr

120

Lys

Thr

Glu

25

Leu

Glu

Lys

His

Ala

105

Leu

Met

Glu

10

Phe

Leu

Arg

Lys

Pro

Val

Ile

Leu

Tyr Tyr Ile Glu Asn Gln

735

Ala Phe Gly Tyr Arg Gly

750

vVal Gly Leu Gly Ala Trp

Asp

Lys

Lys

His

Phe

75

Gln

Ile

Asp

Ala

Gly

Ile

Asp

Gly

60

Leu

Asp

Asp

Lys

Phe
140

765

Lys

Glu

Asp

45

Thr

Gly

Val

Tle

Gly

125

Asp

Pro

Tyr

30

Ser

val

Arg

Pro

Tyr

110

Leu

Ile

val

15

Asp

Ala

vVal

Pro

Ala

Glu

val

Glu

Ile

Arg

Ile

Thr

val

80

Ile

Tyr

Pro

Thr

Glu Glu Gly Glu Glu Phe Ala Glu Gly Pro Ile Leu Met Ile
155

150

160

Ala Asp Glu Glu Gly Ala Arg Val Ile Thxr Trp Lys Asn Val
175

165

170

Pro Tyr Val Asp Val Val Ser Thr Glu Arg Glu Met Ile Lys

DK/EP 3673084 T3



Arg

Tyxr

Lys

225

Ile

His

Tyr

Lys

Leu

305

Glu

Ile

Val

Pro

Glu
385

val

Asn

val

Ile

Lys

465

Tyr

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

2590

Gln

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Lys

Arg

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Lys

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Gln

Leu

Lys

Arg

VvVal

Asn

Asn

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Asp

Val

Phe

405

Asp

val

Leu

Ala

Ala

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys
390

Arg

Thr

Gly

Gly

Thr

470

Ile

Lys

Asp

215

Ala

Arg

val

Tyr

Ile

295

Tyr

Leu

Asp

Lys
375

Glu

Serx

Leu

His

Asp

455

Ile

Lys

Glu

200

Phe

Leu

Phe

Ile

Glu

280

Thr

Ser

Pro

Val

Lys

360

Glu

Pro

Leu

Asn

Arg

440

Leu

Asp

Ile

185

Lys

Ala

Gly

Ala

Arg

265

Ala

Thr

Met

Met

Ser

345

Ala

Leu

Glu

Tyr

Arg

425

Phe

Leu

Pro

Leu

Asp

Tyr

Arg

Val

250

Arg

Val

Ala

Glu

Glu

330

Arg

Tyxr

Ala

Arg

Pro

410

Glu

Cys

Glu

Ile

Ala

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Arg

Gly
395

Ser

Gly

Lys

Glu

Glu

475

Asnh

Asp

Lys

220

Gly

Val

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg

380

Leu

Ile

Cys

Asp

Arg

460

Arg

Ser

val

205

Lys

Ser

Lys

Asn

Gln

285

Thr

Lys

Leu

Thr

Asn

365

Arg

Trp

Ile

Lys

Phe

445

Gln

Lys

Tyr

190

Leau

Arg

Glu

Gly

Leu

270

Pro

Gly

Val

Ser

Gly

350

Glu

Gln

Glu

Ile

Glu

430

Pro

Lys

Leu

Tyr

Ile

Cys

Pro

Arg

255

Pro

Lys

Glu

Thr

Arg

335

Asn

Leu

Ser

Asn

Thr

415

Tyr

Gly

Ile

Leu

Gly

Thr

Glu

Lys

240

Ile

Thr

Glu

Asn

Tyr

320

Leu

Leu

Ala

Tyr

Ile
400

His

Asp

Phe

Lys

Asp

480

Tyr
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Tyr

val

Glu

Phe

545

Met

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

val

Glu

Leu

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Asp

Lys
770

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

585

val

Leu

val

Lys

Ala

675

Val

Ser

Thr

Pro

Leu

755

Pro

Ala

500

Trp

Tyr

Ile

Leu

Glu

580

val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

485

Arg

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His

725

val

Tyr

Gly

Ala

Arg

Phe

Gly

550

Tyx

Phe

Asp

Asp

Leu

630

val

Ile

Pro

Arg

Ile

710

Lys

Glu

Gln

Thr

Arg

Glu

Lys

535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Trp

Tyr

520

val

Asp

Asn

Glu

Glu

600

Ser

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

Tyx

505

Ile

Ile

Ala

Ala

Arg

585

Gly

Glu

Asp

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Arg

490

Cys

Thr

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

val

Val

Ala

Glu

730

Arg

Gln

Lys

Met

Glu Cys

Thr

Ser Asp

Thr Val

555

Leu

Phe

Ile

Ala

Asp Val

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Ala

val

540

Pro

Phe

Thr Thr

Lys
620

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Lys

Val

Glu

Glu

495

Ala Glu

510

Ile Lys Glu

525

Thr

Gly

Asp Gly

Lys Lys

Ala Leu

575

Thr Lys

590

605

Tyr

Asp

Arg

685

Tyr

Phe

Ile

Gly

Leu
765

Arg Gly

Thr Gln

Lys Ala

Glu Vval

Ser

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Vval

640

Pro

655

Leu Lys Asp

670

Leu Ala Ala

Ile Val Leu

Asp Glu Phe

720

Glu Asn Gln
735

Tyr Arg Lys

750

Ser Ala Trp
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<210> 8

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 8
tagaattgaa gaa 13

<210>9

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 9
tggccatagc tac 13

<210>10

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 10
gtcatctgeg acc 13

<210> 11

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 11
ttcgegcettg gac 13

<210>12
<211> 13
<212> DNA
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<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 12
cgcgaaccgt tag 13

<210> 13

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 13
ttgcagcctc taa 13

<210> 14

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 14
tctactagta cga 13

<210>15

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 15
gtaggttcta ctg 13

<210> 16

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence
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<400> 16
gccaatatca agt 13

<210> 17

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 17
ctatcttgct ggt 13

<210> 18

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 18
gttctcatag gta 13

<210>19

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 19
gtctatgaac caa 13

<210> 20

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400=> 20
cggagcgctt att 13

<210> 21
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<211> 13
<212>DNA
<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 21
tatgccatga gga 13

<210> 22

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 22
atacgactcg gag 13

<210> 23

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 23
gatggaactc agc 13

<210> 24

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 24
ggacctgcat gaa 13

<210=> 25

<211> 13

<212>DNA

<213> Artificial Sequence
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<220>
<223> Sample tag sequence

<400> 25
tagactggaa citt 13

<210> 26

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 26
gaattacctc gtt 13

<210=> 27

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 27
aggatcaggc tac 13

<210> 28

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 28
acgcgtagaa gag 13

<210> 29

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 29
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cttcgagact tac 13

<210> 30

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 30
gacggctaac tcc 13

<210=> 31

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 31
ttagcattct cit 13

<210> 32

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 32
gcaaggcata gta 13

<210> 33

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 33
acctagatat gga 13

<210> 34
<211> 13
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<212>DNA
<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 34
acgccaaggc gta 13

<210> 35

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 35
tatgacggat ccg 13

<210> 36

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 36
ccitccattag aga 13

<210> 37

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 37
attgaatact ctg 13

<210> 38

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
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<223> Sample tag sequence

<400> 38
gagatgagaa gaa 13

<210> 39

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 39
tctgagtagc cgg 13

<210> 40

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 40
aataggtagt acg 13

<210> 41

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 41
gtcgaagaag tcc 13

<210> 42

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 42
tactgcatct cgt 13

DK/EP 3673084 T3



<210> 43

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 43
gacgtattag agc 13

<210> 44

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 44
cctgcattat tcg 13

<210> 45

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 45
acgaatgatg ctc 13

<210> 46

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 46
tactagcaga gat 13

<210> 47

<211> 13

<212>DNA

<213> Artificial Sequence
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<220>
<223> Sample tag sequence

<400> 47
ctecteatct tee 13

<210> 48

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 48
tectetgege tge 13

<210> 49

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 49
ccttctcagt ccg 13

<210=> 50

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 50
cagcttcata gcg 13

<210=> 51

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 51
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ttgactctcg cgce 13

<210> 52

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 52
tatcctgagc gat 13

<210> 53

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 53
aacgcctagce cga 13

<210> 54

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 54
ccgaagacgt cat 13

<210> 55

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 55
gagttctcca gat 13

<210> 56
<211> 13
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<212>DNA
<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 56
tgcatccgeg cit 13

<210> 57

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 57
cctgaactca agt 13

<210> 58

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> sample tag sequence

<400> 58
ggtcgtatgc gta 13

<210> 59

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 59
aggcctctct acc 13

<210>60

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
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<223> Sample tag sequence

<400> 60
gtactccatc caa 13

<210=> 61

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 61
cagcggacgc gcet 13

<210>62

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 62
atctctctta gca 13

<210> 63

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 63
aagcaataat aat 13

<210> 64

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 64
aaggcgactc cga 13
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<210>65

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 65
acgtctctag gag 13

<210> 66

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 66
ccatcagacc tct 13

<210> 67

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 67
acttaatcgt act 13

<210> 68

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 68
tggaattctc caa 13

<210> 69

<211> 13

<212>DNA

<213> Artificial Sequence
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<220>
<223> Sample tag sequence

<400> 69
ccatacgatc agg 13

<210>70

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400=> 70
ttatggagca ata 13

<210> 71

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 71
gctcggegtt cga 13

<210>72

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 72
ttggccagtc gcet 13

<210>73

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 73
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cagatacgta gag 13

<210> 74

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 74
aatgctatta tcc 13

<210>75

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 75
gcagcatgcc gat 13

<210>76

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 76
ggagagttac ctc 13

<210>77

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400=> 77
gagagtccat gat 13

<210>78
<211> 13
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<212>DNA
<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 78
caatctattc tga 13

<210>79

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 79
gctcttagta tcc 13

<210> 80

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 80
ccatagttat ggt 13

<210> 81

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 81
tgcgagatcg aag 13

<210> 82

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
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<223> Sample tag sequence

<400> 82
agagaagtcg agt 13

<210> 83

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 83
ggtaactcca tat 13

<210> 84

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 84
tgctattcca ggc 13

<210> 85

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 85
aaccgcgagg ctc 13

<210> 86

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 86
ttctagagat acc 13
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<210> 87

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 87
ttcgctcaag tat 13

<210> 88

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 88
cagagaaggc gca 13

<210> 89

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 89
tagaattggc ctc 13

<210>90

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400=> 90
ggccattctc cag 13

<210> 91

<211> 13

<212>DNA

<213> Artificial Sequence
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<220>
<223> Sample tag sequence

<400> 91
tccaacgcegce gtt 13

<210>92

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 92
gccgcagatt acg 13

<210> 93

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 93
gcagttcgaa cgc 13

<210> 94

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 94
ttctctetge agg 13

<210> 95

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 95
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taagctacca gcg 13

<210> 96

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 96
ctgcatgagg ttg 13

<210=> 97

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 97
ttgcctageg agg 13

<210> 98

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 98
caactgaatt agg 13

<210> 99

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 99
aagcggtcct ctt 13

<210>100
<211> 13
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<212>DNA
<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 100
aatggaagga ccg 13

<210> 101

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 101
gagttagtaa gtt 13

<210> 102

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 102
ttcctaattc caa 13

<210> 103

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 103
gttctggttc get 13

<210> 104

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
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<223> Sample tag sequence

<400> 104
gttcatctct tcc 13

<210> 105

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 105
attccgagga aga 13

<210> 106

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 106
cttagccgag aga 13

<210> 107

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 107
gtctgcetacg cit 13

<210> 108

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 108
atggcgeege gea 13
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<210> 109

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 109
taattggtta tct 13

<210> 110

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 110
tcggttataa gtc 13

<210> 111

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 111
tgcctgagaa cgt 13

<210> 112

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 112
agatgcggtt aac 13

<210> 113

<211> 13

<212>DNA

<213> Artificial Sequence
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<220>
<223> Sample tag sequence

<400> 113
atggaatagg cga 13

<210> 114

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 114
agagatgcga tcg 13

<210> 115

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 115
ctccaactaa cgt 13

<210> 116

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 116
gccttgctac tgg 13

<210> 117

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 117
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cttcgtctct acg 13

<210> 118

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 118
acgctcatag cct 13

<210> 119

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 119
gtcgaagata agg 13

<210>120

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 120
gccggagtec teg 13

<210> 121

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 121
tatacggcga cct 13

<210>122
<211> 13
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<212>DNA
<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 122
aggtagatat tcg 13

<210> 123

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 123
ttaaggtact gct 13

<210> 124

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 124
cggatctggt ata 13

<210> 125

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 125
gaggtctcgg agg 13

<210> 126

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
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<223> Sample tag sequence

<400> 126
ggcatcgatg gac 13

<210> 127

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 127
gatctccgat ata 13

<210> 128

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 128
gattcggaat act 13

<210> 129

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 129
ctgcgateeg gee 13

<210> 130

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 130
gatccggttg caa 13
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<210> 131

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 131
cgtcaggctt gac 13

<210> 132

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 132
tcggcaaggc gag 13

<210> 133

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 133
gaacggcgaa cgc 13

<210> 134

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 134
cctcaagegg act 13

<210> 135

<211> 13

<212>DNA

<213> Artificial Sequence
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<220>
<223> Sample tag sequence

<400> 135
gaagccagat ggt 13

<210> 136

<211> 13

<212>DNA

<213> Artificial Sequence

<220>
<223> Sample tag sequence

<400> 136
tgctcatacc aat 13
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FREMGANGSMADE TIL INDF@RING AF MUTATIONER
PATENTKRAV

1. Fremgangsmade til indfering af substitutionsmutationer i mindst ét mal-DNA-molekyle, hvilken
fremgangsmade omfatter:

a. tilvejebringelse af mindst én prove, der omfatter mindst ét mal-DNA-molekyle; og

b. amplifikation af det mindst ene mal-DNA-molekyle ved hjelp af en DNA-polymerase med
lav bias og hgj nejagtighed med lav template-amplifikations-bias;

hvor trinnet med amplifikation af det mindst ene mal-DNA-molekyle udferes i tilstedevarelse af en
nukleotidanalog og omfatter mindst 2 runder med replikation af det mindst ene mal-DNA-molekyle, hvor i
en forste replikationsrunde DNA-polymerasen inkorporerer nukleotidanalogen i stedet for et nukleotid og i
en anden replikationsrunde nukleotidanalogen parres med et naturligt nukleotid for at indfere en
substitutionsmutation i den komplementzre streng.
2. Anvendelse af en DNA-polymerase med lav bias og hej nejagtighed med lav template-
amplifikations-bias i en fremgangsmade til indfering af mutationer i mindst &t mal-DNA-molekyle, hvor
fremgangsmaden omfatter:

a. tilvejebringelse af mindst én prove, der omfatter mindst ét mal-DNA-molekyle; og

b. amplifikation af det mindst ene mal-DNA-molekyle ved hjlp af DNA-polymerasen;

hvor trinnet med amplifikation af det mindst ene mal-DNA-molekyle udferes i tilstedevarelse af en
nukleotidanalog og omfatter mindst 2 runder med replikation af det mindst ene mal-DNA-molekyle, hvor i
en forste replikationsrunde DNA-polymerasen inkorporerer nukleotidanalogen i stedet for et nukleotid og i
en anden replikationsrunde nukleotidanalogen parres med et naturligt nukleotid for at indfere en

substitutionsmutation i den komplementzre streng.

3. Fremgangsmade eller anvendelse ifolge et hvilket som helst af de foregiende krav, hvor DNA-
polymerasen muterer adenin-, thymin-, guanin- og cytosinnukleotider i det mindst ene mal-DNA-molekyle
ved et rateforhold pa henholdsvis 0,5-1,5:0,5-1,5:0,5-1,5:0,5-1,5, 0,6-1,4:0,6-1,4:0,6-1,4:0,6-1,4, 0,7-1,3:0,7-
1,3:0,7-1,3:0,7-1,3, 0,8-1,2:0,8-1,2:0,8-1,2:0,8-1,2, eller omtrent 1:1:1:1, eventuelt hvor DNA-polymerasen
muterer adenin-, thymin-, guanin- og cytosinnukleotider i det mindst ene mal-DNA-molekyle ved et
rateforhold pa henholdsvis 0,7-1,3:0,7-1,3:0,7-1,3:0,7-1,3.

4, Fremgangsmade eller anvendelse ifolge et hvilket som helst af de foregiende krav, hvor DNA-
polymerasen muterer mellem 1 % og 15 %, mellem 2% og 10 %, eller omtrent 8 % af nukleotiderne i det
mindst ene mal-DNA-molekyle, og/eller hvor DNA-polymerasen muterer mellem 0 % og 3%, eller mellem
0 % og 2% af nukleotiderne i det mindst ene mal-DNA-molekyle pr. replikationsrunde.

5. Fremgangsmade eller anvendelse ifolge et hvilket som helst af de foregiende krav, hvor DNA-
polymerasen muterer adenin, thymin, guanin og/eller cytosin i det mindst ene mal-DNA-molekyle ved hjzlp
af en nukleotidanalog, og/eller hvor DNA-polymerasen erstatter guanin, cytosin, adenin og/eller thymin med
en nukleotidanalog, og/eller hvor DNA-polymerasen indferer guanin- eller adeninnukleotider ved hjelp af
en nukleotidanalog ved et rateforhold pa henholdsvis 0,5-1,5:0,5-1,5, 0,6-1,4:0,6-1,4, 0,7-1,3:0,7-1,3, 0,8-
1,2:0,8-1,2, eller omtrent 1:1, og/eller hvor DNA-polymerasen indferer guanin- eller adeninnukleotider ved
hjzlp af en nukleotidanalog ved et rateforhold pa henholdsvis 0,7-1,3:0,7-1,3.
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6. Fremgangsmade eller anvendelse ifolge et hvilket som helst af kravene 1-5, hvor nukleotidanalogen
er dPTP, eventuelt hvor DNA-polymerasen indferer guanin-til-adeninsubstitutionsmutationer, cytosin-til-
thyminsubstitutionsmutationer, adenin-til-guaninsubstitutionsmutationer og thymin-til-
cytosinsubstitutionsmutationer, eventuelt hvor DNA-polymerasen indferer guanin-til-
adeninsubstitutionsmutationer, cytosin-til-thyminsubstitutionsmutationer, adenin-til-
guaninsubstitutionsmutationer og thymin-til-cytosinsubstitutionsmutationer ved et rateforhold pa 0,5-1,5:0,5-
1,5:0,5-1,5:0,5-1,5, 0,6-1,4:0,6-1,4:0,6-1,4:0,6-14, 0,7-1,3:0,7-1,3:0,7-1,3:0,7-1,3, 0,8-1,2:0,8-1,2:0,8-
1,2:0,8-1,2, eller omtrent 1:1:1:1, ecventuelt hvor DNA-polymerasen indferer guanin-til-
adeninsubstitutionsmutationer, cytosin-til-thyminsubstitutionsmutationer, adenin-til-
guaninsubstitutionsmutationer og thymin-til-cytosinsubstitutionsmutationer ved et rateforhold pa henholdsvis
0,7-1,3:0,7-1,3:0,7-1,3:0,7-1,3.

7. Fremgangsmade eller anvendelse ifolge et hvilket som helst af kravene 1-6, hvor, i fravar af
nukleotidanaloger, DNA-polymerasen med hej pracision indferer mindre end 0,01 %, mindre end 0,0015 %,
mindre end 0,001 %, mellem 0% og 0,0015%, ecller mellem 0% og 0,001 % mutationer pr.
replikationsrunde.

8. Fremgangsmade cller anvendelse ifolge et hvilket som helst af kravene 1 til 7, hvor fremgangsmaden
omfatter et yderligere trin med amplifikation af det mindst ene mal-DNA-molekyle, der omfatter
nukleotidanaloger, i fraver af nukleotidanaloger, eventuelt hvor trinnet med amplifikation af det mindst ene
mal-DNA-molekyle, der omfatter nukleotidanaloger, i fravaer af nukleotidanaloger udferes ved hjzlp af
DNA-polymerasen.

9. Fremgangsmade eller anvendelse ifelge et hvilket som helst af de foregaende krav, hvor
fremgangsméiden tilvejebringer et muteret mindst ét mal-DNA-molekyle og fremgangsmaden endvidere
omfatter et yderligere trin med amplifikation af det muterede mindst ene mal-DNA-molekyle ved hjzlp af
DNA-polymerasen.

10. Fremgangsmade eller anvendelse ifolge et hvilket som helst af de foregiende krav, hvor DNA-
polymerasen omfatter et korrekturlesningsdomane og/eller et progressivitetsforbedrende domane, og/eller
hvor DNA-polymerasen omfatter et fragment af mindst 400, mindst 500, mindst 600, mindst 700 eller mindst

750 tilstedende aminosyrer fra:

a. en sekvens ifolge SEQ ID NO: 2;

b. en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:
2;

c. en sckvens ifelge SEQ ID NO: 4;

d. en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:
4

e en sekvens ifelge SEQ ID NO: 6;

f. en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:
6;

g en sckvens ifelge SEQ ID NO: 7; eller
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h. en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:
7,

eventuelt hvor DNA-polymerasen omfatter:

a. en sekvens ifolge SEQ ID NO: 2;

b. en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:
2;

c. en sckvens ifelge SEQ ID NO: 4;

d. en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:
4

e. en sekvens ifelge SEQ ID NO: 6;

f. en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:
6;

g en sckvens ifelge SEQ ID NO: 7; eller

en sekvens, der er mindst 95 %, mindst 98 %, eller mindst 99 % identisk med SEQ ID NO:

7,

eventuelt hvor:

i) DNA-polymerasen omfatter en sekvens, der er mindst 98 % identisk med SEQ ID NO: 2;

i) DNA-polymerasen omfatter en sekvens, der er mindst 98 % identisk med SEQ ID NO: 4;

iii) DNA-polymerasen omfatter en sekvens, der er mindst 98 % identisk med SEQ ID NO: 6;
eller

iv) DNA-polymerasen omfatter en sekvens, der er mindst 98 % identisk med SEQ ID NO: 7,
og/eller

hvor DNA-polymerasen med lav bias er en termokokpolymerase, eller et derivat deraf, eventuelt
hvor termokokpolymerasen er afledt af en termokokstamme, der er valgt fra gruppen bestaende af 7.
kodakarensis, T. siculi, T. celer og T. sp KS-1.

11. Fremgangsmade eller anvendelse ifolge et hvilket som helst af de foregiende krav, der endvidere
omfatter:

A) indfering af stregkoder og/eller provetags i det mindst ene mal-DNA-molekyle, eventuelt
hvor:

a) en gruppe afprovetags anvendes og mal-DNA-molekyler fra forskellige prover markes

med forskellige provetags fra gruppen, eventuelt hvor hvert provetag adskiller sig fra i alt vasentligt samtlige
andre provetags i gruppen med mindst 1 lavt sandsynlig mutationsforskel eller mindst 3 hejt sandsynlige
mutationsforskelle, eventuelt hvor hvert provetag adskiller sig fra i alt vasentligt samtlige andre provetags i
gruppen med mindst 3 lavt sandsynlige mutationsforskelle og/eller hvert provetag adskiller sig fra i alt
veasentligt samtlige andre provetags i gruppen med mellem 3 og 25, eller mellem 3 og 10 lavt sandsynlige
mutationsforskelle og/eller den lave sandsynlighedsmutation er en transversionsmutation eller en indel-

mutation og/eller hvor den hejt sandsynlige mutation er en overgangsmutation;

eller
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b) hvert provetag adskiller sig fra i alt vasentligt samtlige andre provetags i gruppen med
mindst 5 hejt sandsynlige mutationsforskelle, eventuelt hvor hvert provetag adskiller sig fra i alt vasentligt
samtlige andre provetags i gruppen med mellem 5 og 25, eller mellem 5 og 10 hejt sandsynlige
mutationsforskelle, eventuelt hvor den hejt sandsynlige mutation er en overgangsmutation;

og/eller

B) indforing af adaptere i hvert af det mindst ene mal-DNA-molekyle, eventuelt hvor indforing
af adaptere i hvert af det mindst ene mal-DNA-molekyle omfatter indfering af en forste adapter ved 3’-enden
af det mindst ene mal-DNA-molekyle og en anden adapter ved 5'-enden af det mindst ene mal-DNA-
molekyle, hvor den forste adapter og den anden adapter kan anneale til hinanden, eventuelt hvor det mindst
ene mal-DNA-molekyle amplificeres ved anvendelse af primere, der er identiske med hinanden og
komplementare til en del af den forste adapter, og/eller hvor den forste adapter er komplementzr til et DNA-
molekyle, der er mindst 80 %, mindst 90 %, mindst 95 %, mindst 99 % cller 100 % identisk med den anden
adapter, og/eller hvor primerne omfatter et andet primerbindingssted, og fremgangsmaden omfatter
amplifikation af det mindst ene mal-DNA-molekyle ved hj&lp af primerne, fjernelse af primerne og yderligere
amplifikation af det mindst ene mal-DNA-molekyle ved hjzlp af et andet s&t af primere, der annealer til det

andet primerbindingssted;
og/eller
0} indforing af stregkoder, provetags og adaptere i hvert af mal-DNA-molekylerne, og/eller

hvor stregkoderne, provetags og/eller adaptere indfores ved tagmentering eller ved klipning eller ligering.

12. Fremgangsmade eller anvendelse ifolge et hvilket som helst af de foregaende krav, hvor det mindst
ene mal-DNA-molekyle er storre end 1 kbp, sterre end 1,5 kbp, storre end 2 kbp, sterre end 4 kbp, sterre end
Skbp, sterre end 7 kbp eller storre end 8 kbp.

13. Fremgangsmade til bestemmelse af en sekvens af mindst ét mal-DNA-molekyle, hvilken

fremgangsmade omfatter folgende trin:

a. udforelse af fremgangsmaden ifelge et hvilket som helst af kravene 1 eller 3-12 til at
tilvejebringe mindst ét muteret mal-DNA-molekyle;

b. eventuelt fragmentering og/eller amplifikation af det mindst ene muterede mal-DNA-

molekyle for at tilvejebringe mindst ét fragmenteret og/eller amplificeret muteret mal-DNA-molekyle;

c. seckvensering af omrader af det mindst ene muterede mal-DNA-molekyle eller det mindst
ene fragmenterede og/eller amplificerede muterede mal-DNA-molekyle for at tilvejebringe mutererede

sekvenslasninger; og

d. sammensatning af en sekvens for mindst en del af det mindst ene mal-DNA-molekyle ved

hjzlp af de muterede sekvenslaesninger.
14. Fremgangsmade til protein-engineering, hvilken fremgangsmade omfatter folgende trin:

a. udforelse af fremgangsmaden ifelge et hvilket som helst af kravene 1 eller 3-12 for at

tilvejebringe mindst ét muteret mal-DNA-molekyle;
b. inds@tning af det mindst ene muterede mal-DNA-molekyle i en vektor og
c. ekspression af et protein, der er kodet for af det mindst ene muterede mal-DNA-molekyle;

eventuelt hvor:
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1) fremgangsmaden omfatter folgende trin:

a. amplifikation af det mindst ene mal-DNA-molekyle, der omfatter nukleotidanalogen, i
fravaer af nukleotidanalogen for at tilvejebringe mindst ét muteret mal-DNA-molekyle;

b. inds@tning af det mindst ene muterede mal-DNA-molekyle i en vektor; og

c. ekspression af et protein, der er kodet for af det mindst ene muterede méal-DNA-molekyle;
og/eller

i1) fremgangsmiden endvidere omfatter et trin med teste af aktiviteten eller vurdering af

proteinets struktur, der er kodet for af det mindst ene muterede méal-DNA-molekyle; og/eller

iii) vektoren er et plasmid, et virus, et cosmid eller et kunstigt kromosom; og/eller

iv) trinnet med ekspression af et protein, der er kodet for af det mindst ene muterede mal-DNA-
molekyle, opnas ved transformation af bakterieceller, transfektion af eukaryotiske celler eller transduktion af

eukaryotiske celler med vektoren.

15. Fremgangsmade eller anvendelse ifolge et hvilket som helst af de foregiende krav, hvor trinnet med
amplifikation af det mindst ene mal-DNA-molekyle ved anvendelse af en DNA-polymerase med lav bias og
hej nejagtighed udferes ved hjelp af ANTP er ved uens koncentrationer; og/eller

I) hvor:

A)

i) fremgangsmaden omfatter et yderligere trin med amplifikation af det mindst ene mal-DNA-
molekyle, der omfatter nukleotidanaloger, i fravaer af nukleotidanaloger og det yderligere trin med
amplifikation af det mindst ene mal-DNA-molekyle, der omfatter nukleotidanaloger, i fraver af
nukleotidanaloger udferes ved hjelp af ANTP er ved uens koncentrationer; eller

i) fremgangsmaden tilvejebringer et muteret mindst &t mal-DNA-molekyle, fremgangsmaden
omfatter et yderligere trin med amplifikation af det muterede mindst ene mal-DNA-molekyle ved hjzlp af
DNA-polymerasen eventuelt i fraveer af nukleotidanaloger og det yderligere trin med amplifikation af det
muterede mindst ene mal-DNA-molekyle ved hjzlp af DNA-polymerasen udferes ved hjelp af ANTP’er ved
uens koncentrationer; og/eller

B) dNTP’er ved uens koncentrationer anvendes til at @ndre profilen af mutationer, der
indferes, eventuelt hvor ANTP’er ved uens koncentrationer anvendes til at reducere bias i den mutationsprofil,
der indfores; og/eller

O dNTP’erne ved uens koncentrationer omfatter dATP, dCTP, dTTP og dGTP og ét eller to
af dATP, dCTP, dTTP eller dGTP er ved en lavere koncentration sammenlignet med andre dNTP er; og/eller

D) anvendelse af ANTP’er ved uens koncentrationer omfatter et trin med identifikation af et
dNTP, hvis niveau skal eges eller reduceres for at reducere bias i den mutationsprofil, der indferes; og/eller

E) dNTP’erne ved uens koncentrationer omfatter dTTP ved en lavere koncentration end andre
dNTP’er, eventuelt hvor dNTP’erne ved uens koncentrationer omfatter dTTP ved en koncentration, der er
lavere end 75 %, lavere end 70 %, lavere end 60 %, lavere end 55 %, mellem 25 % og 75 %, mellem 25 %
og 70, mellem 25 % og 60 %, eller omtrent 50 % af koncentrationen af dATP, dCTP eller dGTP, eventuelt
hvor ANTP erne ved uens koncentrationer omfatter dTTP ved en koncentration, der er lavere end 75 %, lavere
end 70 %, lavere end 60 %, lavere end 55 %, mellem 25 % og 75 %, mellem 25 % og 70 %, mellem 25 % og
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60 %, eller omtrent 50 % af koncentrationen af dCTP, eventuelt hvor ANTP ’erne ved uens koncentrationer
omfatter dTTP ved en koncentration, der er lavere end 60 % af koncentrationen af dCTP, eventuelt ANTP erne
ved uens koncentrationer omfatter dTTP ved en koncentration mellem 25 % og 60 % af koncentrationen af
dCTP;

og/eller

F) dNTP’erne ved uens koncentrationer omfatter dATP ved en lavere koncentration
sammenlignet med andre dNTP’er, eventuelt hvor ANTP erne ved uens koncentrationer omfatter dATP ved
en koncentration, der er lavere end 75 %, lavere end 70 %, lavere end 60 %, lavere end 55 %, mellem 25 %
og 75 %, mellem 25 % og 70 %, mellem 25 % og 60 % eller omtrent 50 % af koncentrationen af dTTP, dCTP
eller dGTP, ecventuelt hvor dANTP’erne ved uens koncentrationer af dNTP’er omfatter dATP ved en
koncentration, der er lavere end 75 %, lavere end 70 %, lavere end 60 %, lavere end 55 %, mellem 25 % og
75 %, mellem 25 % og 70 %, mellem 25 % og 60 % eller omtrent 50 % af koncentrationen af dGTP, eventuelt
hvor dNTP’erne ved uens koncentrationer omfatter JATP ved en koncentration, der er lavere end 60 % af
koncentrationen af dGTP, eventuelt hvor dANTP’erne ved uens koncentrationer omfatter dATP ved en

koncentration mellem 25 % og 60 % af koncentrationen af dGTP;
og/eller

1)) fremgangsmaden er en fremgangsmade til indforing af mutationer i en mutationsprofil med

lav bias.
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Figure 2
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FIGURE 3

DK/EP 3673084 T3

SEQ ID NO: 1 — nucleotide sequence of DNA polymerase from Thermococcus sp. KS-1

atgatccteg
aaggagaacg
ctcctgaagg
acggttgtaa
gaggtctgga
cgagagcate
ctcatagaca
gatatcgaga
agctacgeceyg
gttgacgtag
aaagatcctg
aaacgctgty
attcagagga
tatcectgtga
gcegtetteg
agcggtgaag
gagcttggga
ctctgggacyg
gcectacgaga
cgacagagct
gtgtacctag
gatactctea
ttctgcaagg
cagaagataa
tacaggcaga
agggcgeget
ataacgatga
accgacggat
atggagttcac
ggcttctaca
ggcaagataa
gagacgcagyg
aggatagtca
gtgatccacyg
gecgttgeca
tacatcgtge
gacecgacga
gttgagagaa
agacaggttg

acactgacta
gcgagtttaa
acgattctge
cggttaagcg
aactctactt
cagcagttat
agggattagt
c¢gctetacca
acgaggaagg
tctecgacgga
acgtcctaat
aaaagcttgg
tgggcgacag
taagacggac
gtecagecgaa
gccttgagag
aggagttttt
tctececgete
ggaatgagcet
atgaaggagg
attttagatc
acagggaagg
actteccagg
agaagaagat
gggccatcaa
ggtactgcaa
ccatcagaga
tttttgcecac
tcaagtatat
aacgcggcett
caacgcgegg
cgagggttet
aagaagttac
agcagataac
agaggttgge
tcaagggcetce
agcacaagta
ttetgagage
gtectgggage

cataactgag
gattgagtac
cattgaggag
ggctgaaaag
tactcaccct
tgacatctac
gccaatggaa
tgagggcgag
ggccagggatyg
gagggagatg
aacctacaac
aataaacttc
gtttgecegte
gataaacctg
ggagaaggte
agtagccaga
ccectatggag
cagcactggc
ggeccccgaac
ctatgtaaaa
tctgtaccec
atgcaaggaa
atttatcccg
gaaggccacyg
gatcctggece
ggagtgtgea
gatagaggaa
aatacctgga
caacgccaaa
cttegteoacg
acttgagatt
tgaagctttyg
cgaaaagctg
gagggattta
cgcgagagga
tgggaggata
cgacgccgag
ctteggttac
ctggctgaag

aatggaaaac
gataggactt
gtcaagaaga
gttcagaaga
caggacgtcce
gagtacgaca
ggcgacgagg
gagttcgecg
ataacgtgga
ataaagagct
ggcgacaact
acgcteggaa
gaagtgaagg
cccacataca
tacgetgagg
tactcgatgg
gcecagettt
aacctcgttyg
aagceccgatg
gagcccgaga
tcaatcatca
tatgacgttyg
agectgettyg
attgaccega
aacagctact
gagagcgtaa
aagtacggct
gcegatgetg
ctecegggeg
aagaagaagt
gtgaggcgcg
ctaaaggacg
agcaagtacyg
aaggactaca
gtcaaaatac
ggcgacaggg
tactacattyg
cgcaaggaag
ccgaagggaa

ccgtecataag
ttgaacccta
taaccgcecga
agttcectegg
cagcgataag
taccecttege
agctgaaaat
aggggccaat
agaacgcgga
tactaaaggt
tegacttege
gggacggaag
gacggataca
cgettgagge
agatagctac
aagatgcgaa
ctegettaat
agtggttcct
aaaaggagcet
gagggttgtg
tcacccacaa
ccccecacaggt
gagaccteet
tagagaggaa
acggttacta
cggectgggg
ttaaggtaat
aaaccgtcaa
cgettgaget
acgcggtgat
actggagcga
gtgacgtecga
aggttcegece
aggcaaccgg
gcecctggaac
cgataccgtt
agaaccaggt
acctgegeta
cttga

gattttcaag
catttacgcc
gaggcacgga
gagaccagtt
ggacaagata
caagcgctac
gecttgeettt
ccttatgata
tctgeectac
ggtcaaagayg
ctacctaaaa
cgagccgaag
cttegatcete
cgtttatgaa
agcttgggag
ggtcacatac
cggccagtece
cctcaggaag
ggccagaaga
ggagaacata
cgtetegecg
cggtcaccge
agaggagagyg
gctcectegat
cggctatgca
aagggagtac
ctacagcgac
aaagaaggcg
cgagtacgag
agacgaggaa
gatagcgaaa
gaaggccgtg
ggagaagctg
tceeccacgtt
ggtgataagce
cgacgagttce
tctececcagee
ccagaagacg
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SEQ ID NO: 2 — polypeptide sequence of DNA polymerase from Thermococcus sp. KS-1

Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asn Gly Lys Pro Val Ile
Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg
Thr Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
Glu Glu val Lys Lys Ile Thr &la Glu Arg His Gly Thr val val Thr
Val Lys Arg Ala Glu Lys Val Gln Lys Lys Phe Leu Gly Arg Pro Val
Glu val Trp Lys Leu Tyr Phe Thr His Pro Gln Asp Val Pro Ala Ile
Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Tyr Glu Tyr
Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Val Pro
Met Glu Gly Asp Glu Glu Leu Lys Met Leu Ala Phe Asp Ile Glu Thr
Leu Tyr His Glu Gly Glu Glu Phe Ala Glu Gly Pro Ile Leu Met Ile
Ser Tyr Ala Asp Glu Glu Gly Ala Arg Val Ile Thr Trp Lys Asn Ala
Asp Leu Pro Tyr Val Asp Val Val Ser Thr Glu Arg Glu Met Ile Lys
Arg Phe Leu Lys Val Val Lys Glu Lys Asp Pro Asp Val Leu Ile Thr
Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu
Lys Leu Gly Ile Asn Phe Thr Leu Gly Arg Asp Gly Ser Glu Pro Lys
Ile Gln Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg Ile
His Phe Asp Leu Tyr Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr
Tyr Thr Leu Glu Ala Val Tyr Glu Ala Vval Phe Gly Gln Pro Lys Glu
Lys Val Tyr Ala Glu Glu Ile Ala Thr Ala Trp Glu Ser Gly Glu Gly
Leu Glu Arg Val Ala Arg Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr
Glu Leu Gly Lys Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Arg Leu
Ile Gly Gln Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu
Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala
Prao Asn Lys Pro Asp Glu Lys Glu Leu Ala Arg Arg Arg GIn Ser Tyr
Glu Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Glu Asn Ile
Val Tyr Leu Asp Phe Arg Ser Leu Tyr Pro Ser Ile Tle Ile Thr Hisg
Asn Val Ser Pro Asp Thr Leu Asn Arg Glu Gly Cys Lys Glu Tyr Asp
Val 2ala Pro Gln Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly Phe
Ile Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gln Lys Ile Lys
Lys Lys Met Lys Ala Thr Ile Asp Pro Ile Glu Arg Lys Leu Leu Asp
Tyr Arg Gln Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly Tyr
Tyr Gly Tyr Ala Arg Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser
Val Thr Ala Trp Gly Arg Glu Tyr Ile Thr Met Thr Ile Arg Glu Ile
Glu Glu Lys Tyr Gly Phe Lys Val Ile Tyr Ser Asp Thr Asp Gly Phe
Phe Ala Thr Ile Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala
Met Glu Phe Leu Lys Tyr Ile Asn Ala Lys Leu Pro Gly Ala Leu Glu
Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys Lys
Lys Tyr Ala Val Ile Asp Glu Glu Gly Lys Ile Thr Thr Arg Gly Leu
Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln Ala
Arg Val Leu Glu Ala Leu Leu Lys Asp Gly Asp Val Glu Lys Ala Val
Arg Ile Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro
Pro Glu Lys Leu Val Ile His Glu Gln Ile Thr Arg Asp Leu Lys Asp
Tyr Lys Ala Thr Gly Pro His Val Ala val Ala Lys Arg Leu Ala Ala
Arg Gly Val Lys Ile Arg Pro Gly Thr Val TIle Ser Tyr Tle Val Leu
Lys Gly Ser Gly Arg Ile Gly Asp Arg Ala Ile Pro Phe Asp Glu Phe
Asp Pro Thr Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gln
Val Leu Pro Ala Val Glu Arg Ile Leu Arg Ala Phe Gly Tyr Arg Lys
Glu Asp Leu Arg Tyr Gln Lys Thr Arg Gln Val Gly Leu Gly Ala Trp
Leu Lys Pro Lys Gly Thr
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SEQ ID NO: 3 — nucleic acid sequence of DNA polymerase from Thermococcus celer

atgatoctey
aaggagaagg
ctectgaagyg
aaggccgtca
gaggtctgga
aggaagcatc
ctcatcgata
gacatcgaga
agctacgccg
gtcgacgteg
aaggacccgg
agacgctecg
atccagagea
tacccggtga
gaocatettaeg
accggegagg
gagctceggga
ctcetgggacyg
gcctacgaga
aggcgtgget
gtgtacctecg
gataccctaa
ttctgeaaag
cagaagataa
tacaggcaga
agggcgaggt
atcgataggg
acggacggac
agggggttec
gggttctacc
ggcaagataa
gagacgcagg
agaatcgtca
gtgatccacg
gcggtggega
tacatcgtee
gaccacgacta
gtcgagagga
aggcaggtgyg

acgctgacta
gcagagttcag
acgattegge
gggttaagcy
agctectactt
cggcegtegt
aggggctcegt
ccetetaccea
acggggacgg
tctcegaccga
acgtgctegt
aggagcttgg
tgggcgaccyg
taaggcgcac
ggaggcdcaaa
gtettgagag
gggagttcett
tctecegete
ggaacgaact
acgecggtgg
actttcegete
acagggaggyg
attttccecggg
agcggaggat
gggccatcaa
ggtactgcag
tcatcaggga
tgecacgccac
tgagatacat
tgaggggttt
ccacgcgegg
cgagggtcct
gggaggtaac
agcagataac
agcgectgge
tcaagggcete
agcacaggta
tcotgaagge
gcectgggtge

catcaccgaa
aatcgactac
catcgaggag
ggtggagaag
caatcacccg
tgatatctac
ccecgatggag
cgagggagac
ggcgagggte
gaaggagatg
aacttacaac
attgaagttc
cttcgeeogte
cgtgaacctg
ggagaaggtc
ggttgcecege
cecgatggag
gagcaccggc
ggccccgaac
ttacgttaag
tetttaccece
ctgtgagaac
cttcatceeg
gaaggcctet
gatactggec
ggagtgegeyg
gctcgaggag
gatccceggg
caaccccaag
cttcgtgacg
cctcgagata
ggaggcgata
cgaaaagctg
gagggatttg
¢gggaggggg
cggaaggata
cgacgccogac
ctteoggetac
gtggctcaac

gatgggaagc
gacagggact
gtgaagagga
gtcgaaaaga
caggacgttce
gagtacgaca
ggggaggagyg
gagttcgggg
ataacctgga
ataaagcgcet
ggcgacaact
atccteggga
gaggtgaagg
ccgacctaca
tacgeegggy
tactccatgg
gccecagetcet
aacctggtceg
aagccgagcyg
gagccggaga
tccatecatca
tacgacgteg
agecctgeteg
gtggatccey
aacagcttcet
gagagcgtta
aagttaggcet
gcggacgccy
ctececggee
aagaagaagt
gtcaggcggg
ctgaggcacyg
agcaagtacg
agggactaca
gtaaggatac
ggggacaggg
tactacatcg
cgeaaggagyg
gcggggaagy

cegtegtgag
tagagccecta
taaccgttga
agttcctcaa
cggcgataag
teccececttege
agctcaaact
aggggcegat
agaagatcga
taectccaggt
tegacttage
gggacgggag
ggaggataca
cgetagagge
agatacgtgga
aggacgcaaa
cgaggctcat
agtggttcect
gccgggaagt
ggggtttatg
taacccacaa
ccoeccaggt
gaggcctgcet
ttgagcggaa
acggatacta
cegeetgggg
tcaaggtget
ggacegtcaa
teetggaget
acgecggtcat
actggagcga
gtgacgtcga
aggttececgee
aagcecacggg
geoecgggac
cgattcecott
agaaccaggt
acctgaaata
ggtga

gatattcagg
catctacgece
gcgccacggg
caggccgata
ggacgagata
caagcgctac
gatggccette
cctgatgata
ccteeectac
ggtgaaggag
ctacctgaag
cgagcccaag
cttegaccte
ggtctacgag
ggectgggaa
ggttacctte
cggccagggt
cctgaggaag
ggagatcagg
ggagaacatc
cgtetegece
ggggcataag
tgaggagagy
gctectegat
cggctacgeg
cagggagtac
ctacgaggac
ggagagggcg
cgagtacgag
agacgaggag
ggtggccaag
ggaggccgtt
ggagaaactg
accgcacgtg
ggtgataage
cgacgagtte
tctgecagee
ccagaagacg
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SEQ ID NO: 4 — polypeptide sequence of DNA polymerase from Thermococcus celer

Met
Arg
Asp
Glu
val
Glu
Arg
Asp
Met
Leu
Ser
Asp
Arg
Tyr
Glu
Ile
His
Tyr
Lys
Leu
Glu
Ile
val
Pro
Ala
val
Asn
Val
Ile
Arg
Tyr
Tyr
Val
Glu
His
Arg
Leu
Lys
Glu
Arg
Arg
Pro
Tyr
Arg
Tys
Asp
Vval
Glu
Leu

Ile
Ile
Phe
Glu
Lys
vVal
Asp
Ile
Glu
Tyr
Tyr
Leu
Phe
Asn
Leu
Gln
Phe
Thxr
val
Glu
Leu
Gly
Glu
Agn
Gly
Tyr
Val
aAla
Pro
Arg
Arg
Gly
Thxr
Glu
Ala
Gly
Glu
Tyr
Ile
vVal
Ile
Glu
Lys
Gly
Gly
Pro
Leu
Asp
Asn

Leu
Phe
Glu
val
Arg
Trp
Glu
Pro
Gly
His
Ala
Pro
Leu
Gly
Gly
Arg
Asp
Leu
Tyr
Arg
Gly
Gln
Trp
Lys
Gly
Leu
Ser
Pro
Ser
Met
Gln
Tyr
Ala
Lys
Thr
Phe
Tyr
Ala
val
Leu
val
Lys
Ala
val
Ser
Thr
Pro
Leu
Ala

Asp
Arg
Pro
Lys
Val
Lys
Ile
Phe
Glu
Glu
Asp
Tyr
Gln
Asp
Leu
Met
Leu
Glu
Ala
val
Arg
Gly
Phe
Pro
Tyr
Asp
Pro
Gln
Leu
Lys
Arg
Ala
Trp
Phe
Ile
Leu
Glu
Vval
Arg
Glu
Arg
Leu
Thr
Arg
Gly
Lys
Ala
Lys
Gly

Ala
Lys
Tyr
Arg
Glu
Leu
Arg
Ala
Glu
Gly
Gly
Val
Val
Asnl
Lys
Gly
Tyr
Ala
Gly
Ala
Glu
Leu
TLeu
Ser
val
Phe
Asp
Val
Leu
Ala
Ala
Arg
Gly
Gly
Pro
Arg
Gly
Ile
Arg
Ala
Glu
val
Gly
Ile
Arg
His
val
Tyr
Lys

Asp
Glu
Tle
TIle
Lys
Tyr
Lys
Lys
Glu
Asp
Asp
Asp
Val
Phe
Phe
Asp
Pro
Val
Glu
Arg
Phe
Trp
Leu
Gly
Lys
Arg
Thr
Gly
Gly
Ser
Ile
Ala
Arg
Phe
Gly
Tyr
Phe
Asp
Asp
Ile
Val
Ile
Pro
Arg
Tle
Arg
Glu
Gln
Gly

Tyr
Lys
Tyr
Thr
Val
Phe
His
Arg
Leu
Glu
Gly
Val
Lys
Asp
Ile
Arg
val
Tyr
Ile
Tyr
Phe
Asp
Arg
ATrg
Glu
Ser
Leu
His
Gly
Val
Lys
Arg
Glu
Lys
Ala
Ile
Tyr
Glu
Trp
Leu
Thr
Hig
His
Pro
Gly
Tyr
Arg
Lys

Ile
Gly
Ala
Val
Glu
Asn
BPro
Tyr
Lys
Phe
Ala
Val
Glu
Phe
Leu
Phe
Ile
Glu
Val
Ser
Pro
Val
Lys
Glu
Pro
Leu
Asn
Lys
Leu
Asp
Ile
Trp
Tyr
Val
Asp
Asn
Leu
Glu
Ser
Arg
Glu
Glu
Val
Gly
Asp
Asp
Ile
Thr

Thr
Glu
Leu
Glu
Lys
His
Ala
Leu
Leau
Gly
Arg
Ser
Lys
Ala
Gly
Ala
Arg
Ala
Glu
Met
Met
Ser
Ala
vVal
Glu
Tyr
Arg
Phe
Leu
Pro
Leu
Tyr
Ile
Leu
Ala
Pro
Arg
Gly
Glu
Hig
Lys
Gln
Ala
Thr
Arg
Ala
Leu
Arg

Glu
Phe
Leu
ATrg
Lys
Pro
val
Ile
Met
Glu
Val
Thr
Asp
Tyr
Arg
val
Arg
Ile
Ala
Glu
Glu
Arg
Tyr
Glu
Arg
Pro
Glu
Cys
Glu
Val
Ala
Cys
Asp
Tyr
Gly
Lys
Gly
Lys
Val
Gly
Leu
Ile
vVal
val
Ala
Asp
Lys
Gln

Asp
Arg
Lys
His
Phe
Gln
val
Asp
Ala
Gly
Ile
Glu
Pro
Leu
Asp
Glu
Thr
Phe
Trp
Asp
Ala
Ser
Glu
Ile
Gly
Ser
Gly
Lys
Glu
Glu
Asn
Arg
Arg
Ala
Thr
Leu
Phe
Ile
Ala
Asp
Ser
Thr
Ala
Ile
Ile
Tyr
Ala
val

Gly
Ile
Asp
Gly
Leu
Asp
Asp
Lys
Phe
Pro
Thr
Lys
Asp
Lys
Gly
Val
Val
Gly
Glu
Ala
Gln
Ser
Arg
Arg
Leu
Tle
Cys
Asp
Arg
Arg
Ser
Glu
Val
Asp
val
Pro
Phe
Thr
Lys
vVal
Lys
Arg
Lys
Ser
Pro
Tyr
Phe
Gly

Lys
Asp
Asp
Lys
Asn
val
Ile
Gly
Asp
Ile
Trp
Glu
Val
Arg
Ser
Lys
Asn
Arg
Thr
Lys
Leu
Thxr
Asn
Arg
Trp
Tle
Glu
Phe
Gln
Lys
Phe
Cys
Ile
Thr
Lys
Gly
Val
Thr
Glu
Glu
Tyr
Asp
Arg
Tyr
Phe
Ile
Gly
Leu

Pro
Tyr
Ser
Ala
Arg
Pro
Tyr
Leu
Tle
Leu
Lys
Met
Leu
Arg
Glu
Gly
Leu
Pro
Gly
val
Ser
Gly
Glu
Arg
Glu
Tle
Asn
Pro
Lys
Leu
Tyr
Ala
Arg
Asp
Glu
Leu
Thr
Arg
Thr
Glu
Glu
Leu
Leu
Tle
Asp
Glu
Tyr
Gly

Val
Asp
Ala
val
Pro
Ala
Glu
Val
Glu
Met
Lys
Ile
Val
Ser
Pro
Arg
Pro
Lys
Glu
Thr
Arg
Asn
Leu
Gly
Asn
Thr
Tyr
Gly
Ile
Leu
Gly
Glu
Glu
Cly
Arg
Leu
Lys
Gly
Gln
Ala
Val
Arg
Ala
val
Glu
Asn
Arg
Ala

val
Arg
Ile
ATrg
Ile
Tle
Tyr
Pro
Thr
Ile
Ile
Lys
Thr
Glu
Lys
Ile
Thr
Glu
Gly
Phe
Leu
Leu
Ala
Tyr
Tle
His
Asp
Phe
Lys
Asp
Tyr
Ser
Leu
Leu
Ala
Glu
Lys
Leu
Ala
vVal
Pro
Asp
Gly
Leu
Phe
Gln
Lys
Trp
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SEQ ID NO: 5 — nucleic acid sequence of DNA polymerase from Thermococcus siculi

atgatoctey
aaagagaacyg
ctectgaagyg
acggtggtga
gaagtctgga
aggaagcatc
ctcatcgaca
gacattgaga
agctacgccg
gttgacgtcg
aaagatccceg
aagcgetgtyg
atccagagaa
tatcctgtaa
gocatetttyg
accggagagg
gagcttggaa
ttctgggaty
gcctacgaga
cgeggtggat
gtctaccteg
gataccctea
ttctgeaagyg
cagaagataa
tacaggcaac
agggctoget
atcaccatga
actgacgget
atggagttcec
gacttctaca
ggcaagataa
gagacgcagg
agcatagtca
gttatccacg
gcgatagega
tacatcgtge
gacaccacga
gtcgagagga
aggcaggttyg

acacggacta
gcagagttcaa
acgactccege
aggtcaageg
agctectactt
cagctgtaat
agggcctgat
cgctctaccea
acgagagcga
tctcaacgga
atgtccteat
aaaagcttgg
tgggtgaccyg
taaggcgcac
ggaagcdcaaa
gacttgagag
aggagttcett
tecgegegete
ggaacgagct
acgecggcegg
actataaatc
accgcgaggyg
actttccagg
agaggaagat
gggccatcaa
ggtactgcaa
caatcaggga
tcttegegac
tcaagtacat
ggcgcggcett
caacgcgegg
cgcgggttct
aagaagtgac
agcagataac
agaggttage
tcaagggcete
agcacaagta
ttcotgaagge
gacttggggce

catcacggaa
gatcgagtac
gattgaggat
cgccgaaaag
cacccacccece
tgacatctac
tececgatggag
tgagggtgag
ggcacgcegtc
gaaggagatg
aacctacaac
aataaacttc
cttcgeoogtt
gataaacctg
ggagaaggtt
ggtggctege
cecgatggag
aagcacgggce
ggctccaaac
ctacgtcaag
tetetaccece
ctgtaaggag
cttcateceeg
gaaggcaaca
gatccttcta
ggagtgtgec
aatagaagag
gattccecggg
aaacgccaaa
cttcgtcacc
gctggagatc
ggaggccctt
cgagaagctg
gegecgagetg
cgegagaggce
cgggaggata
cgatgcagag
ctteggetat
gtggctgaag

gatgggaaac
gacaggactt
gttaaaaaga
gtgcagaaga
caagatgtcc
gagtacgaca
ggtgaagaag
gagttcgecyg
atcacctgga
ataaagcgcet
ggcgacaact
ctecttggaa
gaggtgaagg
ccgacctaca
tacgoegagg
tactctatgg
gcccaacttt
aatctggtcg
aagccctetg
gaaccggaaa
tcaatcatca
tatgacgtag
agecctgeteg
attgacccga
aatagttttt
gagagcgtta
aagtatggcet
gaagatgccg
ctececcggtyg
aagaagaaat
gtcaggcgeg
ctgaaggacg
agcaagtacg
aaggactaca
gtcaaaatcce
ggcgacaggg
tactacatcg
cgeggtgagyg
ccgaagggga

ccgtecataag
ttgaacccta
taaccgecaga
agttcctagg
cggcgataag
taccattcgce
agcttaagat
aggggcctat
agaaaatcga
taectcecgegt
tegacttage
gggacgggag
ggaggataca
tgettgagge
agatageccac
aggacgcgaa
cgaggttggt
agtggttcect
gaagggaata
agggcetgtg
tcacccacaa
cteocacaggt
gggatctect
tcgagagaaa
acggctacta
cggcatgggg
ttaaagtact
agaccatcaa
cgctcgaact
acgecggttat
actggagcga
gtgacgtcga
aggttececgee
aggcaacggg
geoecgggac
cgattcecott
agaaccaggt
agctcagata
aggggtga

gatattcaag
catctacgece
gaggcacgga
caggccggtt
ggacaagatt
caagcgctac
gctegecette
tctgatgata
ccteeectac
tgtgaaggag
ctacctgaag
cgagccegaag
cttegaccte
agtctacgag
cgettgggaa
ggtcacgttt
cggccagage
cctcaggaag
tgacgagagg
ggagaacata
cgtetegece
cggecaccge
ggaggagagy
gctecttgat
cggctacgcea
aagggaatat
ttatgaggac
aaagagggcyg
tgagtacgag
cgacgaggag
gatagccaag
agaggccgtg
ggagaagctc
accacacgtg
agtcatcage
cgacgagtte
tctacctgece
ccagaagacg
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SEQ ID NO: 6 — polypeptide sequence of DNA polymerase from Thermococcus siculi

Met
Arg
Thr
Glu
val
Glu
Arg
Asp
Met
Leu
Ser
Asp
Arg
Tyr
Lys
Ile
His
Tyr
Lys
Leu
Glu
val
val
Pro
Ala
val
Asn
Val
Ile
Arg
Tyr
Tyr
Val
Glu
Phe
Met
Leu
Lys
Glu
Arg
Ser
Pro
Tyr
Arg
Tys
Asp
Vval
Glu
Leu

Ile
Ile
Phe
Asp
Lys
vVal
Asp
Ile
Glu
Tyr
Tyr
Leu
Phe
Asn
Leu
Gln
Phe
Met
val
Glu
Leu
Gly
Glu
Agn
Gly
Tyr
Val
aAla
Pro
Lys
Arg
Gly
Thxr
Glu
Ala
Glu
Glu
Tyr
Ile
vVal
Ile
Glu
Lys
Gly
Gly
Pro
Leu
Glu
Lys

Leu
Phe
Glu
val
Arg
Trp
Lys
Pro
Gly
His
Ala
Pro
Leu
Gly
Gly
Arg
Asp
Leu
Tyr
Arg
Gly
Gln
Trp
Lys
Gly
Leu
Ser
Pro
Ser
Met
Gln
Tyr
Ala
Lys
Thr
Phe
Tyr
Ala
val
Leu
val
Lys
Ala
val
Ser
Thr
Pro
Leu
Pro

Asp
Lys
Pro
Lys
Ala
Lys
Ile
Phe
Glu
Glu
Asp
Tyr
Arg
Asp
Ile
Met
Leu
Glu
Ala
val
Lys
Ser
Phe
Pro
Tyr
Asp
Pro
Gln
Leu
Lys
Arg
Ala
Trp
Tyr
Ile
Leu
Glu
Vval
Arg
Glu
Lys
Leu
Thr
Lys
Gly
Lys
Ala
Arg
Lys

Thr
Lys
Tyr
Lys
Glu
Leu
Arg
Ala
Glu
Gly
Glu
Val
Val
Asnl
Agsn
Gly
Tyr
Ala
Glu
Ala
Glu
Phe
TLeu
Ser
val
Tyr
Asp
Val
Leu
Ala
Ala
Arg
Gly
Gly
Pro
Lys
Asp
Ile
Arg
Ala
Glu
val
Gly
Ile
Arg
His
val
Tyr
Gly

Asp
Glu
Tle
TIle
Lys
Tyr
Lys
Lys
Glu
Glu
Ser
Asp
Val
Phe
Phe
Asp
Pro
Val
Glu
Arg
Phe
Trp
Leu
Gly
Lys
Lys
Thr
Gly
Gly
Thr
Ile
Ala
Arg
Phe
Gly
Tyr
Phe
Asp
Asp
Leu
Val
Ile
Pro
Arg
Tle
Lys
Glu
Gln
Lys

Tyr
Asn
Tyr
Thr
Val
Phe
His
Arg
Leu
Glu
Glu
Val
Lys
Asp
Leu
Arg
val
Tyr
Ile
Tyr
Phe
Asp
Arg
ATrg
Glu
Ser
Leu
His
ASp
Ile
Lys
Arg
Glu
Lys
Glu
Ile
Tyr
Glu
Trp
Leu
Thr
Hig
His
Pro
Gly
Tyr
Arg
Lys
Gly

Ile
Gly
Ala
Ala
Gln
Thr
BPro
Tyr
Lys
Phe
Ala
Val
Glu
Phe
Leu
Phe
Ile
Glu
Ala
Ser
Pro
Val
Lys
Glu
Pro
Leu
Asn
Arg
Leu
Asp
Ile
Trp
Tyr
Val
Asp
Asn
Arg
Glu
Ser
Lys
Glu
Glu
Val
Gly
Asp
Asp
Ile
Thr

Thr
Glu
Leu
Glu
Lys
His
Ala
Leu
Met
Ala
Arg
Ser
Lys
Ala
Gly
Ala
Arg
Ala
Thr
Met
Met
Ala
Ala
Tyr
Glu
Tyr
Arg
Phe
Leu
Pro
Leu
Tyr
Ile
Leu
Ala
Ala
Arg
Gly
Glu
ASp
Lys
Gln
Ala
Thr
Arg
Ala
Leu
Arg

Glu
Phe
Leu
ATrg
Lys
Pro
val
Ile
Leu
Glu
Val
Thr
Asp
Tyr
Arg
val
Arg
Ile
Ala
Glu
Glu
Arg
Tyr
Asp
Lys
Pro
Glu
Cys
Glu
Ile
Leu
Cys
Thr
Tyr
Glu
Lys
Gly
Lys
Ile
Gly
Leu
Ile
Ile
val
Ala
Glu
Lys
Gln

Asp
Lys
Lys
His
Phe
Gln
Ile
Asp
Ala
Gly
Ile
Glu
Pro
Leu
Asp
Glu
Thr
Phe
Trp
Asp
Ala
Ser
Glu
Glu
Gly
Ser
Gly
Lys
Glu
Glu
Asn
Lys
Met
Ala
Thr
Leu
Phe
Ile
Ala
Asp
Ser
Thr
Ala
Ile
Ile
Tyr
Ala
val

Gly
Ile
Asp
Gly
Leu
Asp
Asp
Lys
Phe
Pro
Thr
Lys
Asp
Lys
Gly
Val
Ile
Gly
Glu
Ala
Gln
Ser
Arg
Arg
Leu
Tle
Cys
Asp
Arg
Arg
Ser
Glu
Thr
Asp
Ile
Pro
Phe
Thr
Lys
vVal
Lys
Arg
Lys
Ser
Pro
Tyr
Phe
Gly

Lys
Glu
Asp
Thr
Gly
val
Ile
Gly
Asp
Ile
Trp
Glu
Val
Lys
Ser
Lys
Asn
Lys
Thr
Lys
Leu
Thxr
Asn
Arg
Trp
Tle
Lys
Phe
Gln
Lys
Phe
Cys
Ile
Thr
Lys
Gly
Val
Thr
Glu
Glu
Tyr
Glu
Arg
Tyr
Phe
Ile
Gly
Leu

Pro
Tyr
Ser
val
Arg
Pro
Tyr
Leu
Tle
Leu
Lys
Met
Leu
Arg
Glu
Gly
Leu
Pro
Gly
val
Ser
Gly
Glu
Gly
Glu
Tle
Glu
Pro
Lys
Leu
Tyr
Ala
Arg
Asp
Lys
Ala
Thr
Arg
Thr
Glu
Glu
Leu
Leu
Tle
Asp
Glu
Tyr
Gly

Val
Asp
Ala
val
Pro
Ala
Glu
Ile
Glu
Met
Lys
Ile
Ile
Cys
Pro
Arg
Pro
Lys
Glu
Thr
Arg
Asn
Leu
Gly
Asn
Thr
Tyr
Gly
Ile
Leu
Gly
Glu
Glu
Cly
Arg
Leu
Lys
Gly
Gln
Ala
Val
Lys
Ala
val
Glu
Asn
Arg
Ala

Ile
Arg
Ile
Lys
val
Tle
Tyr
Pro
Thr
Ile
Ile
Lys
Thr
Glu
Lys
Ile
Thr
Glu
Gly
Phe
Leu
Leu
Ala
Tyr
Tle
His
Asp
Phe
Lys
Asp
Tyr
Ser
Ile
Phe
Ala
Glu
Lys
Leu
Ala
vVal
Pro
Asp
Ala
Leu
Phe
Gln
Gly
Trp
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SEQ ID-NO: 7 - polypeptide sequence of DNA polymerase from Thermococcus kodakarensis

Met
Arg
Thr
Glu
val
Glu
Arg
Asp
Met
Leu
Ser
Asp
Arg
Tyr
Lys
Ile
His
Tyr
Lys
Leu
Glu
Ile
Val
Pro
Glu
val
Asn
Val
Ile
Lys
Tyr
Tyr
Val
Glu
Phe
Met
Leu
Lys
Glu
Arg
Arg
Pro
Tyr
Arg
Lys
Asp
val
Glu
Leu

Ile
Ile
Phe
Glu
Lys
val
Asp
Ile
Glu
Tyr
Tyr
Leu
Phe
Asn
Leu
Gln
Phe
Thr
Val
Glu
Leu
Gly
Glu
Asn
Gly
Tyr
val
aAla
Pro
Lys
Arg
Gly
Thxr
Glu
Ala
Glu
Glu
Tyr
Tle
Val
Ile
Glu
Lys
Gly
Gly
Pro
Leu
Asp
Lys

Leu
Phe
Glu
Val
Arg
Trp
Lys
Pro
Gly
Glu
Ala
Pro
Leu
Gly
Gly
Arg
Asp
Leu
Tyr
Arg
Gly
Gln
Trp
Lys
Gly
Leu
Ser
Pro
Ser
Met
Gln
Tyr
Ala
Lys
Thr
Phe
Tyr
Ala
Val
Leu
val
Lys
Ala
Val
Ser
Thr
Pro
Leu
Pro

Asp
Lys
Pro
Lys
Val
Lys
Ile
Phe
Asp
Glu
Asp
Tyr
Arg
Asp
Ile
Met
Leu
Glu
Ala
Val
Lys
Ser
Phe
Pra
Tyr
Asp
Pro
Gln
Leu
Lys
Arg
Ala
Trp
Tyr
Ile
Leu
Glu
Val
Arg
Glu
Lys
Leu
Thr
Lys
Gly
Lys
Ala
Arg
Lys

Thr
Lys
Tyr
Lys
Glu
Leu
Arg
Ala
Glu
Gly
Glu
Val
Val
Asn
Asn
Gly
Tyr
Ala
Glu
Ala
Glu
Leu
Leu
Asp
val
Phe
Asp
Val
Leu
Ala
Ala
Arg
Gly
Gly
Pro
Lys
Gly
Tle
Arg
Ala
Glu
Val
Gly
Ile
Arg
His
val
Tyr
Gly

Asp
Glu
Phe
Ile
Lys
Tyr
Glu
Lys
Glu
Glu
Glu
Asp
vVal
Phe
Phe
Asp
Pro
Val
Glu
Arg
Phe
Trp
Leu
Glu
Lys
Arg
Thr
Gly
Gly
Thr
Ile
Ala
Arg
Phe
Gly
Tyr
Phe
Asp
Asp
Leu
Val
Ile
Pro
Arg
Ile
Lys
Glu
Gln
Thr

Tyr
Asn
Tyr
Thr
Val
Phe
Hig
Arg
Leu
Glu
Gly
Val
Lys
Asp
Ala
Arg
Val
Tyr
Ile
Tyr
Leu
Asp
Arg
Lys
Glu
Ser
Leu
His
Asp
Ile
Lys
Arg
Glu
Lys
Ala
Ile
Tyr
Glu
Trp
Leu
Thr
His
His
Pro
Gly
Tyr
Arg
Lys

Ile
Gly
Ala
Ala
Gln
Thr
Pro
Tyr
Lys
Phe
Ala
Val
Glu
Phe
Leu
Phe
Ile
Glu
Thr
Ser
Pro
Val
Lys
Glu
Fro
Leu
Asn
Arg
Leu
Asp
Ile
Trp
Tyr
Val
Asp
Agn
Glu
Glu
Ser
Lys
Glu
Glu
Val
Gly
Asp
Asp
Ile
Thr

Thr
Glu
Leu
Glu
Lys
Hisg
Ala
Leu
Met
Ala
Arg
Ser
Lys
Ala
Gly
Ala
Arg
Ala
Thr
Met
Met
Ser
Ala
Leu
Glu
Tyr
Arg
Phe
Leu
Pro
Leu
Tyr
Ile
Ile
Ala
Ala
Arg
Gly
Glu
Asp
Lys
Gln
Ala
Thr
Arg
Ala
Leu
Arg

Glu
Phe
Leu
Arg
Lys
Pro
val
Ile
Leu
Glu
Val
Thr
Asp
Tyr
Arg
Val
Arg
Val
Ala
Glu
Glu
Arg
Tyr
Ala
Arg
Pro
Glu
Cys
Glu
Ile
Ala
Cys
Thr
Tyr
Glu
Lys
Gly
Lys
Tle
Gly
Leu
Ile
Val
Val
Ala
Glu
Arg
Gln

Asp
Lys
Lys
His
Phe
Gln
Ile
Asp
Ala
Gly
Ile
Glu
Pro
Leu
Asp
Glu
Thr
Phe
Trp
Asp
Ala
Ser
Glu
Arg
Gly
Ser
Gly
Lys
Glu
Glu
Asn
Lys
Met
Ser
Thr
Leu
Phe
Ile
Ala
Asp
Ser
Thr
Ala
Ile
Ile
Tyr
Ala
val

Gly
Ile
Asp
Gly
Leu
Asp
Asp
Lys
Phe
Pro
Thr
Arg
Asp
Lys
Gly
Val
Ile
Gly
Glu
Ala
Gln
Ser
Arg
Arg
Leu
Tle
Cys
Asp
Arg
Arg
Ser
Glu
Thr
Asp
val
Pro
Phe
Thr
Lys
Val
Lys
Arg
Lys
Ser
Pro
Tyr
Phe
Gly

Lys
Glu
Asp
Thr
Gly
val
Ile
Gly
Asp
Tle
Trp
Glu
Val
Lys
Ser
Lys
Asn
Gln
Thr
Lys
Leu
Thr
Asn
Arg
Trp
Tle
Lys
Phe
Gln
Lys
Tyr
Cys
Ile
Thr
Lys
Gly
vVal
Thr
Glu
Glu
Tyr
Asp
Arg
Tyr
Phe
Ile
Gly
Leu

Pro
Tyr
Ser
Val

rg
Pro
Tyr
Leu
Tle
Leu
Lys
Met
Leu
Arg
Glu
Gly
Leu
Pro
Gly
Val
Ser
Gly
Glu
Gln
Glu
Tle
Glu
Pro
Lys
Leu
Tyr
Ala
Lys
Asp
Lys
Ala
Thr
Arg
Thr
Lys
Glu
Leu
Leu
Ile
Asp
Glu
Tyr
Ser

Val
Asp
Ala
Val
Pro
Ala
Glu
val
Glu
Met
Asn
Ile
Ile
Cys
Pro
Arg
Prc
Lys
Glu
Thr
Arg
Asn
Leu
Ser
Asgn
Thr
Tyr
Gly
Ile
Leu
Gly
Glu
Glu
Gly
Lys
Leu
Lys
Gly
Gln
Ala
vVal
Lys
Ala
val
Glu
Asn
Arg
Ala

Ile
Arg
Ile
Thr
Val
Ile
Tyr
Pro
Thr
Ile
Val
Lys
Thr
Glu
Lys
Ile
Thr
Glu
Agsn
Tyr
Leu
Leu
Ala
Tyr
Ile
His
Asp
Phe
Lys
Asp
Tyr
Ser
Ile
Phe
Ala
Glu
Lys
Leu
Ala
Val
Pro
Asp
Ala
Leu
Phe
Gln
Lys
Trp



SAMPLE TAG SEQUENCES

SEQ ID Number Sample tag sequence

i 8 AGAATTGAAGAA
9 ...................................... (‘, GC(‘ATA(}CTA(‘ .......

 GTCATCTGCGACC

GCGAACCGTTAG

"TTGCAGCCTCTAA

13

e

S ——

B E———
— IR
B — B——
S — —
— I
T — e
22 ATACGACTCGGAG
e ATGGAACICAGE
T — S—

GGATCAGGCTAC

CGCGTAGAAGAG

CTTCGAGACTTAC
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA T

TTAGCATTCTCTT
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{CCTCCATTAGAGA

37  ATTGAATACTCTG
38 GAGATGAGAAGAA
39 TCTGAGTAGCCGG

o AATAGUTAGTACG

44 CCTGCATTATICG
a5 ACGAATGATGCTC
a6 TACTAGCAGAGAT

¥y CTCCTCATCTTCC

|55 ' GAGTTCTCCAGAT

56  TGCATCCGCGCTT
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63 AAGCAATAATAAT

64 AAGGCGACTCCGA
65 ACGTCTCTAGGAG
66 CCATCAGACCTCT

a7 ACTTAATCGTACT

71  GCTCGGCGTTCGA
72 TTGGCCAGTCGC]
73 CAGATACGTAGAG

74  AATGCTATTATCC

(82  AGAGAAGTCGAGT

83  GGTAACTCCATAT
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L 100

TAGAATTGGCCTC
{GGCCATTCTCCAG
TCCAACGCGCGTT

 GCCGCAGATTACG

CAACTGAATTAGG
AAGCGGTCCTCTT
AATGGAAGGACCG

 GAGTTAGTAAGTT

' ATGGCGCCGCGCA
" TAATTGGTTATCT

TCGGTTATAAGTC
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113
e Tyt o
e EETECXX&?AXCG% .........

116 EGCCTTGCTACTGG
w CTTCGTCTCTACG |
o
s gd%békkdk%&&dé ........

120 éGCCGGAGTCCTCG
T T
T ?Kdﬁf&GA%A%féd AAAAAAAA
T o

125 EGAGGTCTCGGAGG
26 EGGCATCGATGGAC
127 EGATCTCCGATATA
T T
e P
T
T T —
- T
e ééAACéGééAAééé AAAAAAA

{CCTCAAGCGGACT

GAAGCCAGATGAT

136 TGCTCATACCAAT
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