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CLAIMS

1. A method for introducing substitution mutations into at least one target nucleic
molecule, in which the at least one target nucleic acid molecule is at least one targe

molecule, comprising:

(a) providing at least one sample comprising the at least one target JNA molecule;

and

(b) amplifying the at least one target DNA molecule using a J#w bias DNA
polymerase, in which the low bias DNA polymerase is a higlf fidelity DNA polymerase,
and in which the step of amplifying the at least one target DNA molecule is carried out
in the presence of a nucleotide analog and comprises ayleast 2 rounds of replicating the
at least one target DNA molecule, in which in a firsyround of replication the DNA
polymerase incorporates the nucleotide analog inplace of a nucleotide and in a second
round of replication, the nucleotide analog payfs with a natural nucleotide to introduce a

substitution mutation in the complementary/strand.

2. Use of a low bias DNA polymerase, in fvhich the low bias DNA polymerase is a high
fidelity DNA polymerase in a method for pitroducing mutations into at least one target nucleic
acid, in which the at least one target nugleic acid molecule is at least one target DNA

molecule, in which the method com

(a) providing at least o sample comprising the at least one target DNA molecule;

and

(b) amplifying thf at least one target DNA molecule using the DNA polymerase;

in which the steg of amplifying the at least one target DNA molecule is carried out in
the presencef a nucleotide analog and comprises at least 2 rounds of replicating the at
least one yarget DNA molecule, in which in a first round of replication the DNA
polymgfase incorporates the nucleotide analog in place of a nucleotide and in a second
rougM of replication, the nucleotide analog pairs with a natural nucleotide to introduce a

stitution mutation in the complementary strand.

A method or use according to Claim 1 or 2, in which the low bias DNA polymerase has

w template amplification bias.
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4. A method or use according to Claim 1, 2 or 3, in which the DNA polymerase mutate,
adenine, thymine, guanine, and cytosine nucleotides in the at least one target DNA molg€ule
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

5. A method or use according to any preceding claim, in which the DNA
mutates between 1% and 15%, between 2% and 10%, or around 8% of thefAiucleotides in the
at least one target DNA molecule and/or in which the DNA polymerase/mutates between 0%
and 3%, or between 0% and 2% of the nucleotides in the at least onefarget DNA molecule per

round of replication.

6. A method or use according to any preceding claim, in vhich the DNA polymerase

mutates adenine, thymine, guanine, and/or cytosine in the £ least one target DNA molecule
using a nucleotide analog and/or in which the DNA polymerase replaces guanine, cytosine,
adenine, and/or thymine with a nucleotide analog, agdl/or in which the DNA polymerase

introduces guanine or adenine nucleotides using
1.5:0.5-1.5, 0.6-1.4:0.6-1.4, 0.7-1.3:0.7-1.3, 0.

in which the DNA polymerase introduces

ucleotide analog at a rate ratio of 0.5-
£1.2:0.8-1.2, or around 1:1 respectively, and/or
anine or adenine nucleotides using a nucleotide

analog at a rate ratio of 0.7-1.3:0.7-1.3 rgépectively.

7. A method or use according to

dPTP, optionally in which the D

y preceding claim, in which the nucleotide analog is
polymerase introduces guanine to adenine substitution
mutations, cytosine to thymingAubstitution mutations, adenine to guanine substitution
mutations, and thymine to ¢ftosine substitution mutations, optionally in which the DNA
polymerase introduces gyanine to adenine substitution mutations, cytosine to thymine
substitution mutationgf adenine to guanine substitution mutations, and thymine to cytosine

s 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£.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

substitution mutati
respectively, Aptionally in which the DNA polymerase introduces guanine to adenine
substitutigh mutations, cytosine to thymine substitution mutations, adenine to guanine

substityfion 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.
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8. A method or use according to any preceding claim, in which , in the absence of
nucleotide analogs, the high fidelity DNA polymerase introduces less than 0.01%, less
0.0015%, less than 0.001%, between 0% and 0.0015%, or between 0% and 0.001%

per round of replication.

9. A method or use according to any preceding claim, in which the methogcomprises a
further step of amplifying the at least one target DNA molecule comprising'nucleotide analogs
in the absence of nucleotide analogs, optionally in which the step of amplifying the at least
one target DNA molecule comprising nucleotide analogs in the abseyfce of nucleotide analogs

is carried out using the DNA polymerase.

10. A method or use according to any preceding claim, in vhich the method provides a
mutated at least one target DNA molecule and the method further comprises a further step of

amplifying the mutated at least one target DNA molecyl€ using the DNA polymerase.

11. A method or use according to any preceding #laim, in which the DNA polymerase
comprises a proof-reading domain and/or a procgssivity enhancing domain, and/or in which

the DNA polymerase comprises a fragment ofat least 400, at least 500, at least 600, at least

of:
(a)
(b) , at least 98%, or at least 99% identical to SEQ ID NO. 2;
(c)
(d) st 95%, at least 98%, or at least 99% identical to SEQ ID NO. 4;

(e) asequencef SEQ ID NO. 6;
(f) asequeAce at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 6;
(2
(h)

uence of SEQ ID NO. 7; or

sequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 7;
ionally in which the DNA polymerase comprises:

(a) asequence of SEQ ID NO. 2;

(b) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 2;
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(c) asequence of SEQ ID NO. 4;
(d) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID O. 4;
(e) asequence of SEQ ID NO. 6;
(f) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 6;
(g) asequence of SEQ ID NO. 7; or
(h) asequence at least 95%, at least 98%, or at least 99% identigal to SEQ ID NO. 7;
optionally in which

(i) the DNA polymerase comprises a sequence at least %% identical to SEQ ID NO.
2;
(i) the DNA polymerase comprises a sequence ayfleast 98% identical to SEQ ID NO.
4
(i) the DNA polymerase comprises a sequ#nce at least 98% identical to SEQ ID NO.

6; or

(iv) the DNA polymerase comprises/ sequence at least 98% identical to SEQ ID NO.
7
and/or

in which the low bias DNA folymerase is a thermococcal polymerase, or derivative
thereof, optionally in whf€h the thermococcal polymerase is derived from a
thermococcal strain sglected from the group consisting of 7" kodakarensis, T.siculi,

T.celer and T.sp K§-1.

(a)

samples are labelled with different sample tags from the group, optionally in

a group of sample tags is used and target DNA molecules from different

which each sample tag differs from substantially all other sample tags in the group

by at least 1 low probability mutation difference or at least 3 high probability
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mutation differences, optionally in which each sample tag differs from
substantially all other sample tags in the group by at least 3 low probability
mutation differences and/or each sample tag differs from substantially al}/other

sample tags in the group by between 3 and 25, or between 3 and 10 lo

mutation is a transition mutation;
or

(b) each sample tag differs from substantially all otffer sample tags in the group
by at least 5 high probability mutation differences,Optionally in which each
sample tag differs from substantially all other sgfnple tags in the group by between
5 and 25, or between 5 and 10 high probabiligy mutation differences, optionally in

which the high probability mutation is a tydnsition mutation;
and/or

(B) introducing adapters into each of tffe at least one target DNA molecules, optionally
in which introducing adapters into eagh of the at least one target DNA molecules
comprises introducing a first adapyfr at the 3 end of the at least one target DNA
molecule and a second adapter # the 5’ end of the at least one target DNA molecule, in
which the first adapter and t)€ second adapter can anneal to one another, optionally in
which the at least one targ€t DNA molecule is amplified using primers that are identical
to one another and corgplementary to a portion of the first adapter and/or in which the
first adapter is compflementary to a DNA molecule that is at least 80%, at least 90%, at
least 95%, at leagf 99%, or 100% identical to the second adapter and/or in which the
primers comppAse a second primer binding site, and the method comprises amplifying
the at least/®ne target DNA molecule using the primers, removing the primers and
further ghplifying the at least one target DNA molecule using a second set of primers

neal to the second primer binding site;
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(C) introducing barcodes, sample tags and adapters into each of the target DNA
molecules, and/or in which the barcodes, sample tags and/or adapters are introducfd by

tagmentation or by shearing and ligation.

greater than Skbp, greater than 7 kbp, or greater than 8 kbp.

14.

A method for determining a sequence of at least one target DNA /nolecule, comprising

steps of:

15.

(a) performing a method according to any of Claims 1 g 3 to 13 to provide at least

one mutated target DNA molecule;

(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;

(c) sequencing regions of the at least ofe mutated target DNA molecule or the at least
one fragmented and/or amplified mutgfed target DNA molecule to provide mutated

sequence reads; and

(d) assembling a sequence fof/at least a portion of the at least one target DNA

molecule using the mutated g€quence reads.

A method for engineering a protein comprising steps of:

(a) performing theg/method according to any of Claims 1 or 3 to 13 to provide at least

one mutated targgf DNA molecule;

(b) inserting'the at least one mutated target DNA molecule into a vector; and

(c) expyssing a protein encoded by the at least one mutated target DNA molecule
optiogAlly in which:

the method comprises steps of:
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(a) amplifying the at least one target DNA molecule comprising the nucleotjde
analog in the absence of the nucleotide analog to provide at least one mutat

target DNA molecule;
(b) inserting the at least one mutated target DNA molecule into a vg£ctor; and

(c) expressing a protein encoded by the at least one mutated tayget DNA

molecule; and/or

(i1) the method further comprises a step of testing the activity gf assessing the
structure of the protein encoded by the at least one mutated tayget DNA molecule;

and/or
(ii1) the vector is a plasmid, a virus, a cosmid, or an agfificial chromosome; and/or

(iv) the step of expressing a protein encoded by th€ at least one mutated target DNA
molecule is achieved by transforming bacterial ¢€lls, transfecting eukaryotic cells or

transducing eukaryotic cells with the vector.

A method or use according to any of Claiis 1 to 15, in which:

() the step of amplifying the at leght one target DNA molecule using a low bias high

fidelity DNA polymerase is carried out using dNTPs at unequal concentrations; and/or

D (A)

(1)  the method copfprises a further step of amplifying the at least one target
DNA molecule cofnprising nucleotide analogs in the absence of nucleotide
analogs and thg/further step of amplifying the at least one target DNA molecule
comprising Aucleotide analogs in the absence of nucleotide analogs is carried out

using dNA'Ps at unequal concentrations; or

(i1) e method provides a mutated at least one target DNA molecule, the
mgthod comprises a further step of amplifying the mutated at least one target DNA
olecule using the DNA polymerase, optionally in the absence of nucleotide
analogs and the further step of amplifying the mutated at least one target DNA
molecule using the DNA polymerase is carried out using dNTPs at unequal

concentrations; and/or
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(B) dNTPs at unequal concentrations are used to alter the profile of mutatio
that are introduced, optionally in which dNTPs at unequal concentrations arg used

to reduce bias in the profile of mutations that are introduced and/or

(C) the dNTPs at unequal concentrations comprise dATP, dCTP, dYTP and
dGTP and one or two of dATP, dCTP, dTTP or dGTP are at a lowfr concentration
compared to other dNTPs; and/or

(D) using dNTPs at unequal concentrations further compiSes a step of
identifying a ANTP whose level should be increased or décreased in order to

reduce bias in the profile of mutations that are intrody€ed; and/or

(E) the dNTPs at unequal concentrations comprye dTTP at a lower
concentration than other ANTPs, optionally in yhich the dNTPs at unequal
concentrations comprise dTTP at a concentiftion less than 75%, less than 70%,
less than 60%, less than 55%, between 2% and 75%, between 25% and 70,
between 25% and 60%, or around 50%f of the concentration of dATP, dCTP or
dGTP, optionally in which the dNTPs at unequal concentrations comprise dTTP at
a concentration less than 75%, 1¢6s than 70%, less than 60%, less than 55%,
between 25% and 75%, betwgen 25% and 70, between 25% and 60%, or around
50% of the concentration gf dCTP, optionally in which the dNTPs at unequal
concentrations comprisg dTTP at a concentration less than 60% of the
concentration of dCJP, optionally the dNTPs at unequal concentrations comprise

dTTP at a concengfation between 25% and 60% of the concentration of dCTP;

and/or

congfntrations comprises dATP at a concentration less than 75%, less than 70%,
lehs 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 in which the dNTPs at unequal concentrations of dNTPs
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
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60%, or around 50% of the concentration of dGTP, optionally in which the ANAPs
at unequal concentrations comprises dATP at a concentration less than 60%/0f the
concentration of dGTP, optionally in which the dNTPs at unequal concepfrations

comprises dATP at a concentration between 25% and 60% of the cong€ntration of

dGTP;
and/or

(III) the method is a method for introducing mutations in a low Aas mutation profile.

17. A group of sample tags, in which each sample tag differs frorf substantially all other
sample tags in the group by at least one low probability mutatiog/difference or at least three

high probability mutation differences.

18. A method for designing a group of sample tags suit#ble for use in a method for

introducing mutations into at least one target nucleic aZid molecule comprising:

(a) analysing the method for introducing pAutations into at least one target nucleic acid
molecule and determining the average nyfber of low probability mutations that take
place during the method for introducing mutations into at least one target nucleic acid

molecule; and

(b) determining sequences fof'a group of sample tags in which each sample tag differs
from substantially all sample/tags in the group by more low probability differences than
the average number of loy probability mutations that take place during the method for

introducing mutations Jto at least one target nucleic acid molecule.

19. A method for prefefentially amplifying target nucleic acid molecules that are larger than

1 kbp in length compifing:
(a) proviging at least one sample comprising target nucleic acid molecules;

oducing a first adapter at the 3° end of target nucleic acid molecules and a

adapter at the 5° end of target nucleic acid molecules; and

amplifying the target nucleic acid molecules using primers that are complementary

to a portion of the first adapter,

in which the first adapter and the second adapter can anneal to one another.
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20. A method for introducing mutations into at least one target nucleic acid molecule

comprising:

(a) providing at least one sample comprising at least one target nucleic acig/molecule;

and
5 (b) introducing mutations into the at least one target nucleic acid mofecule

by amplifying the at least one target nucleic acid molecule using a HNA polymerase to

provide a mutated at least one target nucleic acid molecule,

in which step (b) is carried out using dNTPs at unequal cong€ntrations.
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CLAIMS

1.

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

molecule, in which the at least one target nucleic acid molecule is at least one target DNA

molecule, comprising:

2.

(a) providing at least one sample comprising the at least one target DNA molecule;

and

(b) amplifying the at least one target DNA molecule using a low bias DNA
polymerase, in which the low bias DNA polymerase is a high fidelity DNA polymerase,
and in which 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, in which 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.

Use of a low bias DNA polymerase, in which the low bias DNA polymerase is a high

fidelity DNA polymerase in a method for introducing mutations into at least one target nucleic

acid, in which the at least one target nucleic acid molecule is at least one target DNA

molecule, in which the method comprises:

3.

(a) providing at least one sample comprising the at least one target DNA molecule;

and
(b) amplifying the at least one target DNA molecule using the DNA polymerase;

in which 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, in which 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.

A method or use according to Claim 1 or 2, in which the low bias DNA polymerase has

low template amplification bias.
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4. A method or use according to Claim 1, 2 or 3, in which the DNA polymerase mutates
adenine, thymine, guanine, and cytosine nucleotides in the at least one target DNA 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.

5. A method or use according to any preceding claim, in which the DNA polymerase
mutates between 1% and 15%, between 2% and 10%, or around 8% of the nucleotides in the
at least one target DNA molecule and/or in which the DNA polymerase mutates between 0%
and 3%, or between 0% and 2% of the nucleotides in the at least one target DNA molecule per

round of replication.

6. A method or use according to any preceding claim, in which the DNA polymerase
mutates adenine, thymine, guanine, and/or cytosine in the at least one target DNA molecule
using a nucleotide analog and/or in which the DNA polymerase replaces guanine, cytosine,
adenine, and/or thymine with a nucleotide analog, and/or in which the 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, and/or
in which the 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.

7. A method or use according to any preceding claim, in which the nucleotide analog is
dPTP, optionally in which the DNA polymerase introduces guanine to adenine substitution
mutations, cytosine to thymine substitution mutations, adenine to guanine substitution
mutations, and thymine to cytosine substitution mutations, optionally in which the 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, optionally in which the 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.
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8. A method or use according to any preceding claim, in which , 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.

9. A method or use according to any preceding claim, in which the method comprises a
further step of amplifying the at least one target DNA molecule comprising nucleotide analogs
in the absence of nucleotide analogs, optionally in which the step of amplifying the at least
one target DNA molecule comprising nucleotide analogs in the absence of nucleotide analogs

is carried out using the DNA polymerase.

10. A method or use according to any preceding claim, in which the method provides a
mutated at least one target DNA molecule and the method further comprises a further step of

amplifying the mutated at least one target DNA molecule using the DNA polymerase.

11. A method or use according to any preceding claim, in which the DNA polymerase
comprises a proof-reading domain and/or a processivity enhancing domain, and/or in which
the DNA polymerase comprises a fragment of at least 400, at least 500, at least 600, at least

700, or at least 750 contiguous amino acids of:

(a) asequence of SEQ ID NO. 2;

(b) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 2;
(c) asequence of SEQ ID NO. 4;

(d) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 4;
(e) asequence of SEQ ID NO. 6;

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

(h) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 7;
optionally in which the DNA polymerase comprises:

(a) asequence of SEQ ID NO. 2;

(b) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 2;
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(c) asequence of SEQ ID NO. 4;
(d) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 4;
(e) asequence of SEQ ID NO. 6;
(f) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 6;
(g) asequence of SEQ ID NO. 7; or
(h) asequence at least 95%, at least 98%, or at least 99% identical to SEQ ID NO. 7;
optionally in which
(i) the DNA polymerase comprises a sequence at least 98% identical to SEQ ID NO.
2;
(i) the DNA polymerase comprises a sequence at least 98% identical to SEQ ID NO.
4;
(i) the DNA polymerase comprises a sequence at least 98% identical to SEQ ID NO.
6; or
(iv) the DNA polymerase comprises a sequence at least 98% identical to SEQ ID NO.
7
and/or

in which the low bias DNA polymerase is a thermococcal polymerase, or derivative
thereof, optionally in which the thermococcal polymerase is derived from a
thermococcal strain selected from the group consisting of 7" kodakarensis, T.siculi,

T.celer and T.sp KS-1.

A method or use according to any preceding claim, further comprising:

(A) introducing barcodes and/or sample tags into the at least one target DNA

molecule, optionally in which:

(a) agroup of sample tags is used and target DNA molecules from different
samples are labelled with different sample tags from the group, optionally in
which each sample tag differs from substantially all other sample tags in the group

by at least 1 low probability mutation difference or at least 3 high probability
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mutation differences, optionally in which each sample tag differs from
substantially all other sample tags in the group by at least 3 low probability
mutation differences and/or each sample tag differs from substantially all other
sample tags in the group by between 3 and 25, or between 3 and 10 low
probability mutation differences and/or the low probability mutation is a
transversion mutation or an indel mutation and/or in which the high probability

mutation is a transition mutation;
or

(b) each sample tag differs from substantially all other sample tags in the group
by at least 5 high probability mutation differences, optionally in which each
sample tag differs from substantially all other sample tags in the group by between
5 and 25, or between 5 and 10 high probability mutation differences, optionally in

which the high probability mutation is a transition mutation;
and/or

(B) introducing adapters into each of the at least one target DNA molecules, optionally
in which introducing adapters into each of the at least one target DNA molecules
comprises introducing a first adapter at the 3’ end of the at least one target DNA
molecule and a second adapter at the 5’ end of the at least one target DNA molecule, in
which the first adapter and the second adapter can anneal to one another, optionally in
which the at least one target DNA molecule is amplified using primers that are identical
to one another and complementary to a portion of the first adapter and/or in which the
first adapter is complementary to a DNA molecule that is at least 80%, at least 90%, at
least 95%, at least 99%, or 100% identical to the second adapter and/or in which the
primers comprise a second primer binding site, and the method comprises amplifying
the at least one target DNA molecule using the primers, removing the primers and
further amplifying the at least one target DNA molecule using a second set of primers

that anneal to the second primer binding site;

and/or
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(C) introducing barcodes, sample tags and adapters into each of the target DNA
molecules, and/or in which the barcodes, sample tags and/or adapters are introduced by

tagmentation or by shearing and ligation.

A method or use according to any preceding claim, in which the at least one target DNA

molecule is greater than 1 kbp, greater than 1.5 kbp, greater than 2 kbp, greater than 4 kbp,

greater than Skbp, greater than 7 kbp, or greater than 8 kbp.

14.

A method for determining a sequence of at least one target DNA molecule, comprising

steps of:

15.

(a) performing a method according to any of Claims 1 or 3 to 13 to provide at least

one mutated target DNA molecule;

(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;

(c) sequencing regions of the at least one mutated target DNA molecule or the at least
one fragmented and/or amplified mutated target DNA molecule to provide mutated

sequence reads; and

(d) assembling a sequence for at least a portion of the at least one target DNA

molecule using the mutated sequence reads.

A method for engineering a protein comprising steps of:

(a) performing the method according to any of Claims 1 or 3 to 13 to provide at least

one mutated target DNA molecule;

(b) inserting the at least one mutated target DNA molecule into a vector; and

(c) expressing a protein encoded by the at least one mutated target DNA molecule
optionally in which:

(i) the method comprises steps of:
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(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;
(b) inserting the at least one mutated target DNA molecule into a vector; and

(c) expressing a protein encoded by the at least one mutated target DNA

molecule; and/or

(i1) 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
(ii1) the vector is a plasmid, a virus, a cosmid, or an artificial chromosome; and/or

(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.

A method or use according to any of Claims 1 to 15, in which:

() the step of amplifying the at least one target DNA molecule using a low bias high

fidelity DNA polymerase is carried out using dNTPs at unequal concentrations; and/or

D (A)

(1)  the method comprises a further step of amplifying the at least one target
DNA molecule comprising nucleotide analogs in the absence of nucleotide
analogs and the further step of amplifying the at least one target DNA molecule
comprising nucleotide analogs in the absence of nucleotide analogs is carried out

using dNTPs at unequal concentrations; or

(i1)) the method provides a mutated at least one target DNA molecule, the
method comprises a further step of amplifying the mutated at least one target DNA
molecule using the DNA polymerase, optionally in the absence of nucleotide
analogs and the further step of amplifying the mutated at least one target DNA
molecule using the DNA polymerase is carried out using dNTPs at unequal

concentrations; and/or
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(B) dNTPs at unequal concentrations are used to alter the profile of mutations
that are introduced, optionally in which dNTPs at unequal concentrations are used

to reduce bias in the profile of mutations that are introduced and/or

(C) the dNTPs at unequal concentrations comprise dATP, dCTP, dTTP and
dGTP and one or two of dATP, dCTP, dTTP or dGTP are at a lower concentration
compared to other dNTPs; and/or

(D) using dNTPs at unequal concentrations further comprises a step of
identifying a ANTP whose level should be increased or decreased in order to

reduce bias in the profile of mutations that are introduced; and/or

(E) the dNTPs at unequal concentrations comprise dTTP at a lower
concentration than other ANTPs, optionally in which 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 in which 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 dCTP, optionally in which 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;
and/or

(F) the dNTPs at unequal concentrations comprises dATP at a lower
concentration compared to other dNTPs, optionally in which 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 in which the dNTPs at unequal concentrations of dNTPs
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
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60%, or around 50% of the concentration of dGTP, optionally in which the dNTPs
at unequal concentrations comprises dATP at a concentration less than 60% of the
concentration of dGTP, optionally in which the dNTPs at unequal concentrations

comprises dATP at a concentration between 25% and 60% of the concentration of

dGTP;
and/or

(III) the method is a method for introducing mutations in a low bias mutation profile.




