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A PYROSEQUENCING METHOD

TECHNICAL FIELD

The present disclosure relates broadly to a method for sequencing a sample
comprising a repeat region, such as a homopolymeric region, and related primers and
Kits.

BACKGROUND

The determination of target sequences with high accuracy is important for
annotating the target sequences of tested sample either for verification purpose or de
novo assembly for discovery purpose. However, this is often complicated at regions
of high polymorphisms or repeated sequences. Sanger sequencing could only provide
semi-quantitative readout, it could not give accurate readout for regions with high
polymorphism of various frequency or repeated sequences. Though next-generation
sequencing technology could provide qualitative and quantitative information for
sequences in regions of high polymorphism, it could not provide accurate readout in
regions of repeated sequences with routine mapping and analysis pipeline.
Pyrosequencing provides accurate and quantitative readout without expensive
equipment and complicated workflow, thereby addressing these limitations of Sanger
and next-generation sequencing. However, pyrosequencing has low accuracy in
determining repeated sequences in repeat regions.

Thus, there is a need to provide a method for sequencing a sample comprising
a repeat region, such as a homopolymeric region, and related primers and kits that
address or at least ameliorate the above-mentioned problems.

SUMMARY

In one aspect, there is provided a pyrosequencing method for sequencing a
polynucleotide sample comprising a homopolymeric region Rs, the method
comprising: providing template polynucleotides comprising the polynucleotide sample
and copies thereof; providing a plurality of Rp—containing primers comprising, at each

of their 3' end, a homopolymeric region Rp comprising nucleotides that are
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complementary to the nucleotides in the homopolymeric region Rs, and contacting the
plurality of Rp—containing primers with the template polynucleotides under conditions
suitable for hybridization and synthesis of complementary polynucleotides, wherein
the homopolymeric regions Rp in the plurality of Rp—containing primers are of different
lengths.

In one embodiment, the homopolymeric regions Rp in the plurality of Rp—
containing primers comprise a length selected from: X nucleotides (nt), X+1 nt, X+2
nt, X+3 nt, X+4 nt, X+5 nt, X+6 nt, X+7 nt, X+8 nt, X+9 nt, X+10 nt and combinations
thereof, wherein X is an integer no less than 3.

In one embodiment, the plurality of Rp—containing primers comprise at least
three Rp—containing primers.

In one embodiment, contacting the plurality of Rp—containing primers with the
template polynucleotides comprises partitioning the template polynucleotides into a
plurality of partitions of template polynucleotides and contacting each partition with a
Rp—containing primer with a homopolymeric region Ry of a different length.

In one embodiment, contacting the plurality of Rp—containing primers with the
template polynucleotides comprises applying the plurality of Rp—containing primers
sequentially to the template polynucleotides.

In one embodiment, the method further comprises adding a nucleotide N1 to
the template polynucleotides after the template polynucleotides are contacted with a
Rp—containing primer, the nucleotide N1 corresponding to the nucleotides in the
homopolymeric region Rp; and determining whether the nucleotide N1 is incorporated
in the complementary polynucleotides.

In one embodiment, the method further comprises adding a nucleotide N2 to
the template polynucleotides after the template polynucleotides are contacted with a
Rp—containing primer, wherein nucleotide N2z is different from the nucleotides in the
homopolymeric region Rp, optionally wherein nucleotide N2 is complementary to an
adjacent nucleotide that is directly next to the homopolymeric region Rs on a 5’ side in
the polynucleotide sample; and determining whether the nucleotide Nz is incorporated
in the complementary polynucleotides.

In one embodiment, the method further comprises identifying the Ry—containing
primer contacted with the template polynucleotides when nucleotide N1 is not
incorporated and/or the nucleotide N2 is incorporated in the complementary
polynucleotides; and concluding that the homopolymeric region Rs has a length
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corresponding to the length of the homopolymeric region Rp of the identified Rp—
containing primer.

In one embodiment, the method further comprises identifying the Ry—containing
primer contacted with the template polynucleotides when nucleotide N1 is incorporated
in the complementary polynucleotides; determining the number of nucleotide N1
incorporated; and concluding that the homopolymeric region Rs has a length
corresponding to the sum of the number of nucleotide N+ incorporated and the length
of the homopolymeric region Rp of the identified Rp—containing primer.

In one embodiment, the method further comprises verifying that nucleotide N+
is incorporated in the complementary polynucleotides of template polynucleotides
contacted with a Rp—containing primer comprising a shorter homopolymeric region Rp
than that of the identified Rp—containing primer before the concluding step.

In one embodiment, wherein where the nucleotide N1 is not incorporated in the
complementary polynucleotides of the template polynucleotides contacted with the
plurality of Rp—containing primers, the method further comprises:

a) providing a further Rp—containing primer comprising a shorter homopolymeric

region Rp than those of the plurality of Rp—containing primers;

b) contacting the template polynucleotides with the further Rp—containing primer;

c) determining whether the nucleotide N+ and/or the nucleotide Nz is

incorporated in the complementary polynucleotides of the template
polynucleotides of step b); and

d) concluding that the homopolymeric region Rs has a length corresponding to

the length of the homopolymeric region Rpof the further Rp—containing primer
when nucleotide N1 is not incorporated and/or the nucleotide Nz is
incorporated in the complementary polynucleotides of step c).

In one embodiment, wherein the nucleotide N1 is incorporated in the
complementary polynucleotides of the template polynucleotides contacted with the
plurality of Rp—containing primers, the method further comprises:

a) providing a further Rp—containing primer comprising a longer homopolymeric

region Rp than those of the plurality of Rp—containing primers;

b) contacting the template polynucleotides with the further Rp—containing primer;

c) determining whether the nucleotide N+ and/or the nucleotide Nz is

incorporated in the complementary polynucleotides of the template
polynucleotides of step b); and
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d) concluding that the homopolymeric region Rs has a length corresponding to
the length of the homopolymeric region Rpof the further Rp—containing primer
when nucleotide N1 is not incorporated and/or the nucleotide Nz is
incorporated in the complementary polynucleotides of step c).

In one embodiment, the method further comprises verifying that nucleotide N+
is incorporated in the complementary polynucleotides of the template polynucleotides
contacted with a Rp—containing primer comprising a shorter homopolymeric region Rp
than that of the further Rp—containing primer before the concluding step.

In one embodiment, the method further comprises amplifying the
polynucleotide sample and/or cloning the polynucleotide sample into a vector to obtain
the template polynucleotides.

In one embodiment, the method further comprises determining a length of a
homopolymeric region in a reference sequence of the polynucleotide sample prior to
providing the plurality of Rp—containing primers.

In one embodiment, the plurality of Rp—containing primers comprises a Rp—
containing primer which homopolymeric region Rp has a length corresponding to the
length of the homopolymeric region in the reference sequence; optionally, a Rp—
containing primer which homopolymeric region Rp has a length shorter than the length
of the homopolymeric region in the reference sequence; and further optionally, a Rp—
containing primer which homopolymeric region Rp has a length longer than the length
of the homopolymeric region in the reference sequence.

In one aspect, there is provided a plurality of Rp—containing primers for use in
embodiments of the method described herein, wherein the plurality of Rp—containing
primers comprises, at each of their 3’ end, a homopolymeric region Rp, further wherein
the homopolymeric regions Rpin the plurality of Rp—containing primers are of different
lengths.

In one embodiment of the plurality of Rp—containing primers, the homopolymeric
regions Rp in the plurality of Rp—containing primers comprise a length selected from:
X nucleotides (nt), X+1 nt, X+2 nt, X+3 nt, X+4 nt, X+5 nt, X+6 nt, X+7 nt, X+8 nt, X+9
nt, X+10 nt and combinations thereof, wherein X is an integer no less than 3.

In one embodiment of the plurality of Rp—containing primers, the plurality of Rp—
containing primers comprise at least three Rp—containing primers.

In one aspect, there is provided a kit for use in embodiments of the method
described herein, the kit comprising: embodiments of the plurality of Rp—containing
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primers described herein; and at least one more component selected from the group
consisting of: nucleotides, polymerase, adenosine phosphosulfate (APS), ATP

sulfurylase, luciferin, luciferase and apyrase.

DEFINITIONS

As used herein, the term "nucleotide" refers to any natural or non-natural
nucleotide, including modified nucleotides (e.g., methylated or biotinylated
nucleotides), nucleotide analogs and nucleotide mimics that can be incorporated into
a polynucleotide by a polymerase. Examples of a nucleotide include, but are not
limited to, deoxyribonucleoside mono-, di-, and triphosphate; deoxyadenosine mono-,
di- and triphosphate; deoxyguanosine mono-, di- and triphosphate; deoxythymidine
mono-, di- and triphosphate; deoxycytidine mono-, di- and triphosphate; and 2'-
deoxyadenosine-5'-(a-thio) mono-, di- and triphosphate. The term "polynucleotide"
encompasses polymeric forms of nucleotides of any length.

As used herein, the term “sequencing” refers to the determination of an order
of nucleotides/base sequences in a polynucleotide/nucleic acid sample. The term
“sequencing by synthesis” refers to the sequencing of a polynucleotide/nucleic acid
sample by synthesis of a complementary strand. The term “pyrosequencing” refers to
any sequencing by synthesis method that is based on the detection of a
pyrophosphate group that is generated when a nucleotide is incorporated in a growing
polynucleotide/nucleic acid, e.g., a growing complementary strand. The term
‘pyrosequencing” is not limited to the traditional pyrosequencing methods such as
those described in Nyren, P. (2007). "The History of Pyrosequencing". Methods Mol
Biology 373: 1-14, and also includes modified pyrosequencing methods.

‘Contacting” and its variants, when used in reference to any set of components,
includes any process whereby the components to be contacted are mixed into same
mixture (for example, are added into the same compartment or solution), and does not
necessarily require actual physical contact between the recited components. The
recited components can be contacted in any order or any combination (or sub-
combination), and can include situations where one or some of the recited components
are subsequently removed from the mixture, optionally prior to addition of other recited

components. For example, “contacting A with B and C” includes any and all of the
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following situations: (i) A is mixed with C, then B is added to the mixture; (ii) A and B
are mixed into a mixture; B is removed from the mixture, and then C is added to the
mixture; and (iii) A is added to a mixture of B and C. “Contacting” a target
polynucleotide with one or more reaction components, such as a primer or a
polymerase, includes any or all of the following situations: (i) the target polynucleotide
is contacted with a first component of a reaction mixture to create a mixture; then other
components of the reaction mixture are added in any order or combination to the
mixture; and (ii) the reaction mixture is fully formed prior to mixture with the target
polynucleotide.

‘Primer” refers to a polynucleotide capable of hybridizing to a template
polynucleotide and acting as the initiation point for incorporating extension nucleotides
according to the sequence of the template polynucleotide for synthesis of a
complementary polynucleotide.

The term “treatment”, "treat" and “therapy”, and synonyms thereof as used
herein refer to both therapeutic treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down (lessen) a medical condition, which
includes but is not limited to diseases, symptoms and disorders. A medical condition
also includes a body’s response to a disease or disorder, e.g., inflammation. Those in
need of such treatment include those already with a medical condition as well as those
prone to getting the medical condition or those in whom a medical condition is to be
prevented.

The term “subject” as used herein includes patients and non-patients. The term
“patient” refers to individuals suffering or are likely to suffer from a medical condition
such as cancer, while “non-patients” refer to individuals not suffering and are likely to
not suffer from the medical condition. “Non-patients” include healthy individuals, non-
diseased individuals and/or an individual free from the medical condition. The term
“subject” includes humans and animals. Animals include murine and the like. “Murine”
refers to any mammal from the family Muridae, such as mouse, rat, and the like.

The term "micro" as used herein is to be interpreted broadly to include
dimensions from about 1 micron to about 1000 microns.

The term "nano" as used herein is to be interpreted broadly to include
dimensions less than about 1000 nm.

The term “particle” as used herein broadly refers to a discrete entity or a discrete

body. The particle described herein can include an organic, an inorganic or a biological



WO 2022/019837 PCT/SG2021/050426
7

particle. The particle used described herein may also be a macro-particle that is
formed by an aggregate of a plurality of sub-particles or a fragment of a small object.
The particle of the present disclosure may be spherical, substantially spherical, or non-
spherical, such as irregularly shaped particles or ellipsoidally shaped particles. The
term “size” when used to refer to the particle broadly refers to the largest dimension of
the particle. For example, when the particle is substantially spherical, the term “size”
can refer to the diameter of the particle; or when the particle is substantially non-
spherical, the term “size” can refer to the largest length of the particle.

The terms "coupled" or "connected" as used in this description are intended to
cover both directly connected or connected through one or more intermediate means,
unless otherwise stated.

The term "associated with", used herein when referring to two elements refers
to a broad relationship between the two elements. The relationship includes, but is not
limited to a physical, a chemical or a biological relationship. For example, when
element A is associated with element B, elements A and B may be directly or indirectly
attached to each other or element A may contain element B or vice versa.

The term "adjacent" used herein when referring to two elements refers to one
element being in close proximity to another element and may be but is not limited to
the elements contacting each other or may further include the elements being
separated by one or more further elements disposed therebetween.

The term "and/or", e.g., "X and/or Y" is understood to mean either "X and Y" or
"X or Y" and should be taken to provide explicit support for both meanings or for either
meaning.

Further, in the description herein, the word “substantially” whenever used is
understood to include, but not restricted to, "entirely" or “completely” and the like. In
addition, terms such as "comprising", "comprise", and the like whenever used, are
intended to be non-restricting descriptive language in that they broadly include
elements/components recited after such terms, in addition to other components not
explicitly recited. For example, when “comprising” is used, reference to a “one” feature
Is also intended to be a reference to “at least one” of that feature. Terms such as
“consisting”, “consist’, and the like, may in the appropriate context, be considered as
a subset of terms such as "comprising"”, "comprise"”, and the like. Therefore, in
embodiments disclosed herein using the terms such as "comprising", "comprise", and
the like, it will be appreciated that these embodiments provide teaching for
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corresponding embodiments using terms such as “consisting”, “consist’, and the like.
Further, terms such as "about", "approximately" and the like whenever used, typically
means a reasonable variation, for example a variation of +/- 5% of the disclosed value,
or a variance of 4% of the disclosed value, or a variance of 3% of the disclosed value,
a variance of 2% of the disclosed value or a variance of 1% of the disclosed value.

Furthermore, in the description herein, certain values may be disclosed in a
range. The values showing the end points of a range are intended to illustrate a
preferred range. Whenever a range has been described, it is intended that the range
covers and teaches all possible sub-ranges as well as individual numerical values
within that range. That is, the end points of a range should not be interpreted as
inflexible limitations. For example, a description of a range of 1% to 5% is intended to
have specifically disclosed sub-ranges 1% to 2%, 1% t0 3%, 1% to 4%, 2% to 3% etc.,
as well as individually, values within that range such as 1%, 2%, 3%, 4% and 5%. It is
to be appreciated that the individual numerical values within the range also include
integers, fractions and decimals. Furthermore, whenever a range has been described,
it is also intended that the range covers and teaches values of up to 2 additional
decimal places or significant figures (where appropriate) from the shown numerical
end points. For example, a description of a range of 1% to 5% is intended to have
specifically disclosed the ranges 1.00% to 5.00% and also 1.0% to 5.0% and all their
intermediate values (such as 1.01%, 1.02% ... 4.98%, 4.99%, 5.00% and 1.1%, 1.2%
... 4.8%, 4.9%, 5.0% etc.,) spanning the ranges. The intention of the above specific
disclosure is applicable to any depth/breadth of a range.

Additionally, when describing some embodiments, the disclosure may have
disclosed a method and/or process as a particular sequence of steps. However, unless
otherwise required, it will be appreciated that the method or process should not be
limited to the particular sequence of steps disclosed. Other sequences of steps may
be possible. The particular order of the steps disclosed herein should not be construed
as undue limitations. Unless otherwise required, a method and/or process disclosed
herein should not be limited to the steps being carried out in the order written. The
sequence of steps may be varied and still remain within the scope of the disclosure.

Furthermore, it will be appreciated that while the present disclosure provides
embodiments having one or more of the features/characteristics discussed herein, one

or more of these features/characteristics may also be disclaimed in other alternative
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embodiments and the present disclosure provides support for such disclaimers and
these associated alternative embodiments.

DESCRIPTION OF EMBODIMENTS

Exemplary, non-limiting embodiments of a method for sequencing a sample
comprising a repeat region, such as a homopolymeric region, and related primers and
kits are disclosed hereinafter.

In various embodiments, there is provided a sequencing method. Particularly,
the sequencing method is capable of sequencing a sample comprising a repeat region.
In various embodiments, the method comprises contacting the sample with one or
more primers comprising a repeat region. In various embodiments, the method
comprises contacting the sample with a first primer comprising a repeat region of a
first length, and optionally, further contacting the sample or clones/copies thereof with
a second or further primer(s) comprising a repeat region of a second or further
length(s) that is different from the first length. Advantageously, embodiments of the
method are capable of accurately determining the length/sequence of a repeat region
in a sample. Embodiments of the method are also capable of producing a quantitative
readout.

The repeat region may be composed of tandem repeats, optionally short
tandem repeats. The repeat region may be composed of repeat units of single
nucleotides or multi nucleotides (e.g., dinucleotide repeats, trinucleotide repeats,
tetranucleotide repeats, pentanucleotide repeats, hexanucleotide repeats etc.). For
example, the repeat region may a homopolymeric region composed of single
nucleotide repeats e.g., a repeat region having the sequence AAAA, or it may be a
repeat region composed of multi-nucleotide repeats e.g., a repeat region having the
sequence GAAAAGAAAA, with GAAAA being the repeat unit. In one embodiment, the
repeat unit comprises a single nucleotide repeat unit selected from the group
consisting of: A, T, C and G. For example, where the single nucleotide repeat unit is
A, the repeat region may be AA, AAA or AAAA etc. For example, where the single
nucleotide repeat unit is T, the repeat region may be TT, TTT or TTTT etc. For
example, where the single nucleotide repeat unit is C, the repeat region may be CC,
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CCC or CCCC etc. For example, where the single nucleotide repeat unit is G, the
repeat region may be GG, GGG or GGGG etc.

In various embodiments, the repeat region comprises at least about two, at least
about three, at least about four, at least about five, at least about six, at least about
seven, at least about eight, at least about nine, at least about ten, at least about 11, at
least about 12, at least about 13, at least about 14, at least about 15, at least about
16, at least about 17, at least about 18, at least about 19, at least about 20, at least
about 21, at least about 22, at least about 23, at least about 24, at least about 25, at
least about 26, at least about 27, at least about 28, at least about 29 or at least about
30 repeat units. In some embodiments, the repeat region comprise at least about 10,
at least about 20, at least about 30, at least about 40, at least about 50, at least about
60, at least about 70, at least about 80, at least about 90, at least about 100, at least
about 110, at least about 120, at least about 130, at least about 140, at least about
150, at least about 160, at least about 170, at least about 180, at least about 190, at
least about 200, at least about 210, at least about 220, at least about 230, at least
about 240, at least about 250, at least about 260, at least about 270, at least about
280, at least about 290 or at least about 300 repeat units.

In various embodiments, the length of the repeat region or the number of single
nucleotide repeats in the repeat region is at least about two, at least about three, at
least about four, at least about five, at least about six, at least about seven, at least
about eight, at least about nine, at least about ten, at least about 11, at least about 12,
at least about 13, at least about 14, at least about 15, at least about 16, at least about
17, at least about 18, at least about 19, at least about 20, at least about 21, at least
about 22, at least about 23, at least about 24, at least about 25, at least about 26, at
least about 27, at least about 28, at least about 29 or at least about 30
bases/nucleotides. In some embodiments, the length of the repeat region or the
number of single nucleotide repeats in the repeat region is at least about 10
bases/nucleotides, at least about 20, at least about 30, at least about 40, at least about
50, at least about 60, at least about 70, at least about 80, at least about 90, at least
about 100, at least about 110, at least about 120, at least about 130, at least about
140, at least about 150, at least about 160, at least about 170, at least about 180, at
least about 190, at least about 200, at least about 210, at least about 220, at least
about 230, at least about 240, at least about 250, at least about 260, at least about
270, at least about 280, at least about 290 or at least about 300 bases/nucleotides.
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In various embodiments, the repeat region of the first primer comprises the
same repeat unit as the repeat region of the second primer or further primer. In other
words, the repeat unit may be the same in the repeat region of the first primer and in
the repeat region of the second primer or further primer. For example, if the repeat
region in the first primer is GAAAAGAAAAGAAAAA, with GAAAA being the repeat
unit, the repeat region of the second or further primer may be GAAAAGAAAA,
GAAAAGAAAAGAAAAAGAAAA, GAAAAGAAAAGAAAAAGAAAAGAAAA etc. i.e.,
having the same repeat unit that is GAAAA. For example, if the repeat region of the
first primer is AAAA, with A being the repeat unit, the repeat region of the second or
further primer may be AAA, AAAAA, AAAAAA etc. i.e., having the same repeat unit
that is A.

In some embodiments, the repeat region of the primer comprises the same
repeat unit as the repeat region in the sample, a reference sequence of the sample or
copies/clones thereof. For example, where the repeat region the sample, a reference
sequence of the sample or copies/clones thereof comprises AAA, the repeat region of
the primer may comprise AAA. In some embodiments, the repeat region of the primer
comprises a repeat unit that is complementary to the repeat unit in the repeat region
in the sample, a reference sequence of the sample or copies/clones thereof. For
example, where the repeat region in the sample, a reference sequence of the sample
or copies/clones thereof comprises TTT, the repeat region of the primer may comprise
AAA.

In various embodiments, the length of the repeat region or the number of repeat
units in the primer substantially corresponds to a predicted/estimated or a
verified/validated length of a repeat region or number of repeat units in the sample. In
various embodiments, the length of the repeat region or the number of repeat units in
the primer substantially corresponds to a predicted/estimated or a verified/validated
length of a repeat region or number of repeat units in a reference sequence of the
sample. The reference sequence may be derived/obtained from a sample of a healthy
individual/population, a sample of a diseased patient/population or it may be
derived/obtained from a database. For example, the reference sequence
derived/obtained from a database may be a wild-type sequence. In some
embodiments, the sample is derived/obtained from a diseased patient, and the
corresponding reference sequence is derived/obtained from a sample of a healthy
individual/population. In some embodiments, the sample is derived/obtained from a
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diseased cellitissue of a patient, and the corresponding reference sequence is
derived/obtained from a paired healthy celltissue of the patient. In some
embodiments, the sample and the reference sequence comprise the same target
region or region of interest e.g., a gene. In some embodiments, where a sequence
(such as a sequence of a repeat region) of the reference sequence or portion thereof
is not known/confirmed, the method comprises a step of sequencing the reference
sequence or portion thereof e.g., via Sanger sequencing, next generation sequencing
or other similar methods that has substantially high accuracy in sequencing a repeated
region.

The primer may further comprise a sequence that is complementary to parts of
the reference sequence ascending and/or descending the repeat region. In some
embodiments, the primer further comprises a sequence that is complementary to a
sequence attached to the sample, optionally attached to the 3’ end of the sample. In
some embodiments therefore, the method further comprises attaching a sequence to
the sample, optionally attaching a sequence to the 3’ end of the sample. In some
embodiments, the method further comprises cloning the sample into a vector to obtain
template polynucleotides. In various embodiments, the vector comprises any carrier
nucleic acid molecule/polypeptide/oligonuclecotide into which a polynucleotide
sequence can be inserted. In various embodiments, the vector comprises a
sequencing vector.

The reference sequence or a repeat region of the reference sequence may
have one or more of the following features: (i) comprises at least about two, at least
about three, at least about four, at least about five, at least about six, at least about
seven, at least about eight, at least about nine, at least about ten, at least about 11, at
least about 12, at least about 13, at least about 14, at least about 15, at least about
16, at least about 17, at least about 18, at least about 19, at least about 20, at least
about 21, at least about 22, at least about 23, at least about 24, at least about 25, at
least about 26, at least about 27, at least about 28, at least about 29 or at least about
30 base pairs; (i) comprises at least about two, at least about three, at least about
four, at least about five, at least about six, at least about seven, at least about eight,
at least about nine, at least about ten, at least about 11, at least about 12, at least
about 13, at least about 14, at least about 15, at least about 16, at least about 17, at
least about 18, at least about 19, at least about 20, at least about 21, at least about
22, at least about 23, at least about 24, at least about 25, at least about 26, at least
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about 27, at least about 28, at least about 29 or at least about 30 repeat units,
optionally wherein the repeat unit comprises a single nucleotide repeat unit, further
optionally wherein the single nucleotide repeat unit is selected from the group
consisting of: A, T, C and G; and (iii) comprises tandem repeats, optionally short
tandem repeats.

In some embodiments, where a reference sequence is not present, the method
may comprise repeated dispensation/cycling of different nucleotides, e.g., repeated
dispensation/cycling of the four nucleotides TCGA in order, and determining which
nucleotide appears in the read out. Embodiments of the method may therefore be
used for de novo sequencing.

In various embodiments, the method comprises contacting the sample with at
least about two, at least about three, at least about four, at least about five, at least
about six, at least about seven, at least about eight, at least about nine or at least
about ten primers comprising a repeat region of different lengths or comprising a
different number of repeat units in their repeat regions. A greater number of primers,
e.g., more than ten primers, may be used to determine long repeats. Depending on
the number of repeated nucleotides or the length of the repeat region in the sample,
and whether a reference sequence is available, different number of primers may be
used. In some embodiments, it may be sufficient to contact the sample with one primer,
for example, if prior knowledge/information of the expected sequence of the
sample/target region is known from a reference sequence. In some embodiments,
multiple primers of different lengths or multiple graduated census primers may be
used, for example, for de novo sequencing to determine the number of repeats present
in a sample.

In various embodiments, there is provided a sequencing method comprising
contacting a sample and/or copies/clones thereof with a plurality of primers comprising
a repeat region of different lengths or a plurality of graduated census primers.

In various embodiments, the plurality of primers having repeat regions of
different lengths are added in succession or added separately i.e., not as a cocktalil
mix. In some examples, a first primer comprising a repeat region of a first length is
added to the sample, followed by a second primer comprising a repeat region of a
second length, followed by a third primer comprising a repeat region of a third length
etc. Additional steps, such as a step of washing away the added primer or a step of
determining whether primers are annealed/hybridized to the sample and/or whether
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the primers are elongated, may be performed following the addition of a primer and
before the addition of the next primer. In some examples, a first primer comprising a
repeat region of a first length is added to the sample in a first
partition/tube/well/containment body, a second primer comprising a repeat region of a
second length is added to a copy/clone of the sample in a second
partition/tube/well/containment body, a third primer comprising a repeat region of a
third length is added to a copy/clone of the sample in a third
partition/tube/well/containment body. In some embodiments therefore, in one
partition/tube/well/containment body comprising a sample, there is only one primer
type having a repeat region of a single length; there are no two or more primer types
each having a repeat region of different lengths.

In various embodiments, the second primer has a greater number of repeat
units in its repeat region that the first primer. For example, the first primer may have n
repeat units, and the second primer may have n+m repeat units, wherein n and m are
both positive integers. In some embodiments, n is a positive integer of from 2 to 30. In
some embodiments, m is a positive integer of from 1 to 9. In some embodiments, the
first primer has n repeat units in its repeat region, the second primer has n+1 repeat
units in its repeat region, and optionally the further primer may comprise a third primer
having n+2 repeat units in its repeat region, a fourth primer having n+3 repeat units in
its repeat region, a fifth primer having n+4 repeat units in its repeat region, a sixth
primer having n+5 repeat units in its repeat region, a seventh primer having n+6 repeat
units in its repeat region, an eighth primer having n+7 repeat units in its repeat region,
a ninth primer having n+8 repeat units in its repeat region, a tenth primer having n+9
repeat units in its repeat region etc., wherein n is an integer of 2 to 30. In one
embodiment, the method comprises contacting the sample and/or an identical
clone/copy thereto with at least six primers having a different number of repeat units
in their repeat region, the different length of repeat units being selected from the group
consisting of: n repeat units, n+1 repeat units, n+1 repeat units, n+3 repeat units, n+4
repeat units and n+5 repeat units.

In various embodiments, the repeat region of the second length is longer than
the repeat region of the first length. For example, the first length may be n
bases/nucleotides, and the second length may be n+m bases/nucleotides, wherein n
and m are both positive integers. In some embodiments, n is a positive integer of from

2 to 30. In some embodiments, m is a positive integer of from 1 to 9. In some



WO 2022/019837 PCT/SG2021/050426
15

embodiments, the first length is n bases/nucleotides, the second length is n+1
bases/nucleotides, and optionally the further length comprises a third length of n+2
bases/nucleotides, a fourth length of n+3 bases/nucleotides, a fifth length of n+4
bases/nucleotides, a sixth length of n+5 bases/nucleotides, a seventh length of n+6
bases/nucleotides, an eighth length of n+7 bases/nucleotides, a ninth length of n+8
bases/nucleotides, a tenth length of n+9 bases/nucleotides etc., wherein n is an
integer of 2 to 30. In one embodiment, the method comprises contacting the sample
and/or an identical clone/copy thereto with at least six primers having a repeat region
of different lengths, the different lengths being selected from the group consisting of:
n bases/nucleotides, n+1 bases/nucleotides, n+1 bases/nucleotides, n+3
bases/nucleotides, n+4 bases/nucleotides and n+5 bases/nucleotides.

In various embodiments, the repeat region is located at a terminal end (e.g., 3’
end or 5" end) of the primer(s). In various embodiments, the repeat region is at a 3’
end of the primer(s).

The sample may comprise a nucleic acid or a polynucleotide. Examples of a
nucleic acid or a polynucleotide include deoxyribonucleic acid (DNA) (including cDNA)
and/or ribonucleic acid (RNA). In one embodiment, the sample comprises DNA. In one
embodiment, the sample comprises a single-stranded polynucleotide. In one
embodiment, the sample comprises a single-stranded DNA.

In various embodiments therefore, there is provided a method of sequencing a
polynucleotide sample comprising a homopolymeric region Rs, the method
comprising: providing template polynucleotides comprising the polynucleotide sample
and copies thereof; providing a plurality of Rp—containing primers comprising, at each
of their 3' end, a homopolymeric region Rp comprising nucleotides that are
complementary to the nucleotides in the homopolymeric region Rs, and contacting the
plurality of Rp—containing primers with the template polynucleotides under conditions
suitable for hybridization and synthesis of complementary polynucleotides, wherein
the homopolymeric regions Rp in the plurality of Rp—containing primers are of different
lengths. The polynucleotide sample may be cloned into a vector to obtain the template
polynucleotides.

In various embodiments, the homopolymeric regions Rp in the plurality of Rp—
containing primers comprise a length selected from: X nucleotides (nt), X+Y nt, X+2Y
nt, X+3Y nt, X+4Y nt, X+5Y nt, X+6Y nt, X+7Y nt, X+8Y nt, X+9Y nt, X+10Y nt and
combinations thereof, wherein X and Y are both positive integers. In various
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embodiments, X is at least about 2. In various embodiments, X is a positive integer of
from about 2 to about 300, from about 2 to about 200, from about 2 to about 100, from
about 2 to about 50 or from about 2 to about 30. In various embodiments, Y is at least
about 1. In various embodiments, Y is from about 1 to about 50, from about 1 to about
40, from about 1 to about 30, from about 1 to about 20, from about 1 to about 10, from
about 1 to about 9, from about 1 to about 8, from about 1 to about 7, from about 1 to
about 6, from about 1 to about 5, from about 1 to about 4, from about 1 to about 3 or
from about 1 to about 2.

In various embodiments, X is more than the length of a homopolymeric region
that can be accurately determined by a conventional pyrosequencing method. In some
examples, conventional pyrosequencing is deficient in that it may get saturated even
at 3 or 4 repeats. In various embodiments therefore, X is more than about 2, more
than about 3, more than about 4, more than about 5, more than about 6, more than
about 7, more than about 8, more than about 9, more than about 10, more than about
11, more than about 12, more than about 13, more than about 14, more than about
15, more than about 16, more than about 17, more than about 18, more than about 19
or more than about 20. In various embodiments, X is at least about 2, at least about
3, at least about 4, at least about 5, at least about 6, at least about 7, at least about 8,
at least about 9, at least about 10, at least about 11, at least about 12, at least about
13, at least about 14, at least about 15, at least about 16, at least about 17, at least
about 18, at least about 19 or at least about 20. In various embodiments, X is no less
than about 2, no less than about 3, no less than about 4, no less than about 5, no less
than about 6, no less than about 7, no less than about 8, no less than about 9, no less
than about 10, no less than about 11, no less than about 12, no less than about 13,
no less than about 14, no less than about 15, no less than about 16, no less than about
17, no less than about 18, no less than about 19 or no less than about 20. In one
embodiment, the homopolymeric regions Rp in the plurality of Rp—containing primers
comprise a length selected from: X nucleotides (nt), X+1 nt, X+2 nt, X+3 nt, X+4 nt,
X+5 nt, X+6 nt, X+7 nt, X+8 nt, X+9 nt, X+10 nt and combinations thereof, wherein X
is an integer no less than 3.

In various embodiments, the plurality of Rp—containing primers comprise at least
at least about two, at least about three, at least about four, at least about five, at least
about six, at least about seven, at least about eight, at least about nine, at least about
ten, at least about 11, at least about 12, at least about 13, at least about 14, at least
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about 15, at least about 16, at least about 17, at least about 18, at least about 19 or at
least about 20 Rp—containing primers. In one embodiment, the plurality of Rp—
containing primers comprise at least three Rp—containing primers.

Each of the plurality of Rp—containing primers having homopolymeric regions
Rp of different lengths may be contacted with each template polynucleotide, or the
plurality of Rp—containing primers may be contacted separately or sequentially with a
template polynucleotide. In some embodiments therefore, contacting the plurality of
Rp—containing primers with the template polynucleotides comprises partitioning the
template polynucleotides into a plurality of partitions of template polynucleotides and
contacting each partition with a Rp—containing primer with a homopolymeric region Rp
of a different length. In some embodiments, contacting the plurality of Rp—containing
primers with the template polynucleotides comprises applying the plurality of Rp—
containing primers sequentially to the template polynucleotides. For example, a first
Rp—containing primer having a homopolymeric region Rp of a first length may be added
to the template polynucleotides, followed by a second Rp—containing primer having a
homopolymeric region Rp of a second length, followed by a third Rp—containing primer
having a homopolymeric region Rp of a third length etc. After each Rp—containing
primer is added to the template polynucleotides, it may be removed or washed away
before the next Rp—containing primer is added to the template polynucleotides.

When the plurality of Rp—containing primers are contacted with the template
polynucleotides, a primer which homopolymeric region Rpis shorter than or equal in
length to the homopolymeric region Rs of the sample/template polynucleotides may
hybridize/anneal to a template polynucleotide, while a primer which homopolymeric
region Rp is longer than the homopolymeric region Rs of the sample/template
polynucleotides may not be capable of hybridizing/annealing to a template
polynucleotide. Thus, the length of the homopolymeric region Rs of the sample may
be determined by determining whether the primers are hybridized to the template
nucleotides and/or whether the primers are elongated or extended by the addition of
one or more nucleotides. It will be appreciated that, following the
hybridization/annealing of a primer to a template polynucleotide (if
hybridization/annealing of the primer to the template polynucleotide takes place), a
nucleotide may only be incorporated into the primer if it is complementary to the next
corresponding nucleotide in the template polynucleotide/sample. For example, a
primer which homopolymeric region Rpis equal in length to the homopolymeric region



WO 2022/019837 PCT/SG2021/050426
18

Rs of the sample is expected to hybridize/anneal to a template polynucleotide, and the
addition of a nucleotide corresponding to the nucleotides present in the
homopolymeric region Rpis not expected to be incorporated, while the addition of a
different nucleotide may be incorporated. A primer which homopolymeric region Rpis
shorter than the homopolymeric region Rs of the sample (e.g., by one nucleotide) is
expected to hybridize/anneal to a template polynucleotide, and the addition of a
nucleotide corresponding to the nucleotides present in the homopolymeric region Rp
is expected to be incorporated, with the intensity of the signal generated from the
incorporation being proportional to the number/amount of nucleotides added. The
addition of a different nucleotide may not be incorporated until the homopolymeric
region in the growing complementary strand (from the incorporation of nucleotide(s)
corresponding to the nucleotides present in the homopolymeric region Rp) equals the
length of the homopolymeric region Rs of the sample. By counting the number/amount
of nucleotides added from the intensity of the signal generated, the length of the
homopolymeric region Rs of the sample may be determined. A primer which
homopolymeric region Rpis longer than the homopolymeric region Rs of the sample
(e.g., by one nucleotide) is not expected to hybridize/anneal to a template
polynucleotide, and the addition of a nucleotide corresponding to the nucleotides
present in the homopolymeric region Rp is not expected to be incorporated. The
addition of a different nucleotide is also not expected to be incorporated. The
observation made from the contact with single primer, or collective observations from
contact with a plurality of primers may therefore provide information on the length of
the homopolymeric region Rs in the sample. In various embodiments, the method
comprises tabulating the counts of incorporated nucleotides(s) for each template
polynucleotide for each primer comprising a homopolymeric region Rp of a different
length.

In various embodiments therefore, the method further comprises determining
whether the primer(s) is hybridized to the sample and/or whether the primer(s) is
elongated. The determining step may comprise adding one or more nucleotides to the
sample and determining whether the one or more nucleotides is incorporated.
Methods for determining whether a nucleotide is incorporated in a growing
polynucleotide chain are known in the art. For example, inorganic pyrophosphate is
released when a nucleotide is incorporated in a growing polynucleotide chain by a
polymerase. This release of pyrophosphate may be converted into a
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light/fluorescence/chemiluminescent  signal, for example, by converting
pyrophosphate into adenosine triphosphate (ATP) by the use of ATP sulfurylase, and
then allowing the ATP to react with luciferin in the presence of luciferase to emit
chemiluminescence. Hence, the incorporation of a nucleotide may be detected by
detecting a signal such as a light/fluorescence/chemiluminescent signal. In some
embodiments therefore, determining whether the one or more nucleotides is
incorporated comprises detecting for the presence or absence of a
light/fluorescence/chemiluminescent signal. In various embodiments, a nucleotide is
incorporated when a light/fluorescence/chemiluminescent signal is detected and the
nucleotide is not incorporated when a light/fluorescence/chemiluminescent signal is
not detected. In various embodiments, the amount/intensity of the
light/fluorescence/chemiluminescent signal is proportional, optionally directly
proportional to the amount/number of nucleotides incorporated. For example, if 2As
are incorporated, the intensity of the light/fluorescence/chemiluminescent emitted is
two times more than the intensity of light/fluorescence/chemiluminescent emitted
when 1A is incorporated. Without being bound by theory, it is believed that, in the
synthesis of a complementary polynucleotide chain, each incorporation event is
accompanied by the release of pyrophosphate (or PPi) in a quantity equimolar to the
amount/number of incorporated nucleotides. ATP sulfurylase may be used to convert
the PPi to ATP in the presence of adenosine 5° phosphosulfate (APS), and this ATP
drives the luciferase-mediated conversion of luciferin to oxyluciferin which generates
light in amounts that are proportional to the amount of ATP. In various embodiments
therefore, the method comprises detecting whether a
light/fluorescence/chemiluminescent signal is generated/emitted/produced upon
addition of a nucleotide to the template polynucleotide(s).

Detecting whether a light/fluorescence/chemiluminescent signal s
generated/emitted/produced upon addition of a nucleotide may comprise use of a
detector for detection, optionally wherein the detector comprises a photodiode, a
photomultiplier partition, or a charge-coupled device (CCD) camera. Determining
whether a nucleotide is incorporated may further comprise determining whether a peak
is generated in a sequencing readout such as in a pyrosequencing flow-gram. In
various embodiments, a nucleotide is incorporated when a peak is generated and the

nucleotide is not incorporated when a peak is not generated. In various embodiments,
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the height of the peak is proportional, optionally directly proportional to the
amount/number of nucleotides incorporated.

The one or more nucleotides may comprise (i) a nucleotide corresponding to a
nucleotide in the repeat region of the primer or the sample/reference sequence; (ii) a
nucleotide immediately adjacent to, ascending or descending (e.g. a 3’ nucleotide or
a 5 nucleotide immediately neighboring) the repeat region of the sample/reference
sequence; (iii) a nucleotide immediately adjacent to, ascending or descending (e.g. a
3’ nucleotide or a 5’ nucleotide immediately neighboring) the nucleotide in (ii) in the
sample reference sequence; and/or (iv) further nucleotide(s) further adjacent to,
ascending or descending the nucleotide in (ii) in the sample/reference sequence.

The one or more nucleotides may be deoxyribonucleoside triphosphate
(dNTP), although not limited as such. In various embodiments, the dNTP is selected
from the group consisting of: deoxythymidine triphosphate (dTTP), deoxycytidine
triphosphate (dCTP), deoxyguanosine triphosphate (dGTP) and 2'-deoxyadenosine-
5'-(a-thio)-triphosphate (dATPaS). In various embodiments, the dNTP does not
comprise dATP. dATP may be recognised by luciferase and result in false signals of
pyrophosphate detection in pyrosequencing.

In various embodiments, the method comprises adding a nucleotide N+ to the
template polynucleotides after the template polynucleotides are contacted with a Rp—
containing primer, the nucleotide N1 corresponding to the nucleotides in the
homopolymeric region Rp; and determining whether the nucleotide N1 is incorporated
in the complementary polynucleotides. In various embodiments, the method
comprises adding a nucleotide Nz to the template polynucleotides after the template
polynucleotides are contacted with a Rp—containing primer, wherein nucleotide Nz is
different from the nucleotides in the homopolymeric region Rp; and determining
whether the nucleotide Nz is incorporated in the complementary polynucleotides. In
various embodiments, nucleotide N2 corresponds to a nucleotide that is
complementary to the nucleotide immediately adjacent to (e.g., immediately
ascending/descending) the homopolymeric region Rs in the polynucleotide sample
and/or immediately adjacent to (e.g., immediately ascending/descending) a
homopolymeric region (e.g., the corresponding homopolymeric region) in a reference
sequence of the polynucleotide sample. In various embodiments, nucleotide N2
corresponds to a nucleotide that is complementary to an adjacent nucleotide that is
directly next to the homopolymeric region Rs on a 3’ side in the polynucleotide sample
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and/or corresponds to a nucleotide that is complementary to an adjacent nucleotide
that is directly next to the homopolymeric region (e.g., the corresponding
homopolymeric region) on a 3’ side in a reference sequence of the polynucleotide
sample. In various embodiments, nucleotide N2 corresponds to a nucleotide that is
complementary to an adjacent nucleotide that is directly next to the homopolymeric
region Rs on a 5’ side in the polynucleotide sample and/or corresponds to a nucleotide
that is complementary to an adjacent nucleotide that is directly next to the
homopolymeric region (e.g., the corresponding homopolymeric region) on a 5’ side in
a reference sequence of the polynucleotide sample.

In various embodiments, the method further comprises identifying the Rp—
containing primer contacted with the template polynucleotides when nucleotide N1 is
not incorporated and/or the nucleotide N2 is incorporated in the complementary
polynucleotides; and concluding that the homopolymeric region Rs has a length
corresponding to the length of the homopolymeric region Rp of the identified Rp—
containing primer. In various embodiments, the method further comprises identifying
the Rp—containing primer contacted with the template polynucleotides when nucleotide
N1 is incorporated in the complementary polynucleotides; determining the number of
nucleotide N1 incorporated; and concluding that the homopolymeric region Rs has a
length corresponding to the sum of the number of nucleotide N1incorporated and the
length of the homopolymeric region Rp of the identified Rp—containing primer. In
various embodiments, the signal emitted/produced/generated from the incorporation
is not a saturated signal. In various embodiments, the number of nucleotide N+
incorporated/ determined to be incorporated is no more than the length of a
homopolymeric region that can be accurately determined by a pyrosequencing method
e.g., a conventional pyrosequencing method. In various embodiments, the number of
nucleotide N1incorporated/ determined to be incorporated is no more than about five,
no more than about four, no more than about three, no more than about two or no
more than about one. In various embodiments, the number of nucleotide N1
incorporated/ determined to be incorporated is from about one to about five, from
about one to about four or from one to about three. In various embodiments, when the
signal emitted/produced/generated from the incorporation is a saturated signal, the
method comprises contacting the template polynucleotides with a Rp—containing
primer comprising a longer homopolymeric region Rp, and where N1 is incorporated in

the complementary polynucleotides and the signal emitted/produced/generated from
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the incorporation is not a saturated signal, then concluding that the homopolymeric
region Rs has a length corresponding to the sum of the number of nucleotide N+
incorporated and the length of the homopolymeric region Rp of the Rp—containing
primer comprising the longer homopolymeric region Rp. The method may also further
comprise a step of verifying that nucleotide N1 is incorporated in the complementary
polynucleotides of template polynucleotides contacted with a Rp—containing primer
comprising a shorter homopolymeric region Ry than that of the identified Rp—containing
primer before the concluding step. The verifying step may further comprise verifying
that a correct number/an expected number of nucleotide N1 is incorporated in the
complementary polynucleotides of template polynucleotides contacted with the Rp—
containing primer comprising a shorter homopolymeric region Rp. The correct
number/the expected number of nucleotide N1 incorporated may be obtained by
calculating the difference between (i) the length of the homopolymeric Rp region in the
identified Rp—containing primer; or the sum of the length of the homopolymeric Rp
region in the identified Rp—containing primer and the number of nucleotide N1
incorporated after contact with the identified Rp—containing primer (as the case may
be) and (ii) the length of the shorter homopolymeric region Rp. In various embodiments
therefore, the correct number/an expected number of nucleotide N1 incorporated
corresponds to the difference between (i) the length of the homopolymeric Rp region
in the identified Rp—containing primer; or the sum of the length of the homopolymeric
Rp region in the identified Rp—containing primer and the number of nucleotide N1
incorporated after contact with the identified Rp—containing primer (as the case may
be) and (ii) the length of the shorter homopolymeric region Rp.

Wherein where the nucleotide N+ is not incorporated in the complementary
polynucleotides of the template polynucleotides contacted with the plurality of Rp—
containing primers, the method may further comprise: a) providing a further Rp—
containing primer comprising a shorter homopolymeric region Rp than those of the
plurality of Rp—containing primers; b) contacting the template polynucleotides with the
further Rp—containing primer; c) determining whether the nucleotide N1 and/or the
nucleotide N2 is incorporated in the complementary polynucleotides of the template
polynucleotides of step b); and d) concluding that the homopolymeric region Rshas a
length corresponding to the length of the homopolymeric region Rp of the further Rp—
containing primer when nucleotide N1 is not incorporated and/or the nucleotide Nz is
incorporated in the complementary polynucleotides of step c).
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Wherein the nucleotide N1 is incorporated in the complementary
polynucleotides of the template polynucleotides contacted with the plurality of Rp—
containing primers, the method may further comprise: a) providing a further Rp—
containing primer comprising a longer homopolymeric region Rp than those of the
plurality of Rp—containing primers; b) contacting the template polynucleotides with the
further Rp—containing primer; c) determining whether the nucleotide N1 and/or the
nucleotide N2 is incorporated in the complementary polynucleotides of the template
polynucleotides of step b); and d) concluding that the homopolymeric region Rshas a
length corresponding to the length of the homopolymeric region Rp of the further Rp—
containing primer when nucleotide N1 is not incorporated and/or the nucleotide Nz is
incorporated in the complementary polynucleotides of step c).

The method may further comprise verifying that nucleotide N1 is incorporated in
the complementary polynucleotides of the template polynucleotides contacted with a
Rp—containing primer comprising a shorter homopolymeric region Rp than that of the
further Rp—containing primer before the concluding step. The verifying step may further
comprise verifying that a correct number/an expected number of nucleotide N1 is
incorporated in the complementary polynucleotides of template polynucleotides
contacted with the Rp—containing primer comprising a shorter homopolymeric region
Rp. The correct number/the expected number of nucleotide N1 incorporated may be
obtained by computing/calculating the difference between (i) the length of the
homopolymeric Rp region in the further Rp—containing primer and (i) the length of the
shorter homopolymeric region Rp. In various embodiments therefore, the correct
number/an expected number of nucleotide N1 incorporated corresponds to the
difference between the length of the homopolymeric Rp region in the further Rp—
containing primer and the length of the shorter homopolymeric region Rp.

In one example, the method comprises: (a) contacting the sample/template
polynucleotides with a first primer comprising a repeat region; (b) adding a first
nucleotide to the sample/template polynucleotides, the first nucleotide corresponding
to a nucleotide in the repeat region of the first primer or the reference sequence; (c)
determining whether the first nucleotide is incorporated; (d) optionally removing
remnants of the first nucleotide; (e) adding a second nucleotide to the sample/template
polynucleotides, the second nucleotide corresponding to a nucleotide immediately
ascending the repeat region of the reference sequence; (f) determining whether the
second nucleotide is incorporated; wherein if the first nucleotide is not incorporated
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and the second nucleotide is incorporated, concluding that the repeat region of the
sample/template polynucleotides corresponds to the repeat region of the first primer
(i.e. the sample/template polynucleotides contains the same number of repeat
units/nucleotides as the first primer) and wherein if the result is otherwise, contacting
the sample/template polynucleotides with a second or further primer comprising a
repeat region of a different length and repeating steps (b) to (f) until the desired result
is obtained (i.e. the first nucleotide is not incorporated and the second nucleotide is
incorporated) and concluding that the repeat region of the sample/template
polynucleotides corresponds to the repeat region of the primer that does not result in
the incorporation of the first nucleotide but results in the incorporation of the second
nucleotide.

In one example, if the first nucleotide is incorporated, the sample/template
polynucleotides is contacted with a second or further primer comprising a repeat
region of a longer length. In one example, when a 9A primer is observed to result in
the incorporation of two A nucleotides, the sample/template polynucleotides may be
contacted with a 11A primer for further analysis. If the first nucleotide is incorporated,
one may also conclude the length of the repeat region based on a readout indicative
of the number of nucleotides incorporated. For example, when a 9A primer is observed
to result in the incorporation of two A nucleotides, one may conclude that the sample
contains an 11A repeat region.

In one example, if the first and second nucleotides are not incorporated, the
sample/template polynucleotide is contacted with a second or further primer
comprising a repeat region of a shorter length. In one example, when a 12A primer is
observed not to result in the incorporation the first and second nucleotides, the
sample/template polynucleotides may be contacted with a 11A or 10A primer for
further analysis.

In one example, steps (a) to (f) are performed on a single sample/template
polynucleotides in a single partition/well/containment body. In some embodiments,
steps (a) to (c) and optionally (d) are performed on a sample/template polynucleotide
in a partition/well/containment body, while steps (e) and (f) are performed on a
sample/template polynucleotide in a different partition//well/containment body.

In some examples, the method may further comprise adding a third nucleotide
to the sample/template polynucleotides, the third nucleotide corresponding to a
nucleotide further ascending the repeat region of the reference sequence (e.g. a
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nucleotide 2 position away and ascending from the repeat region of the reference
sequence), determining whether the third nucleotide is incorporated, wherein if the
third nucleotide is incorporated, concluding that the repeat region of the
sample/template polynucleotides corresponds to the repeat region of the first primer
(i.e. the sample/template polynucleotides contains the same number of repeat
units/nucleotides as the first primer) and wherein if the result is otherwise, contacting
the sample/template polynucleotides with a second or further primer comprising a
repeat region of a different length and repeating steps (b) to (f) until the desired result
is obtained (i.e. the first nucleotide is not incorporated and the second and third
nucleotides are incorporated) and concluding that the repeat region of the
sample/template polynucleotides corresponds to the repeat region of the primer that
does not result in the incorporation of the first nucleotide but results in the incorporation
of the second and third nucleotides.

In one example, the method comprises: (a) contacting the sample/template
polynucleotides with a first primer comprising a repeat region; (b) adding a first
nucleotide to the sample/template polynucleotides, the first nucleotide corresponding
to a nucleotide in the repeat region of the first primer or the reference sequence; (c)
determining whether the first nucleotide is incorporated; (d) optionally removing
remnants of the first nucleotide; (e) adding a second nucleotide that is different from
the first nucleotide; (f) determining whether the second nucleotide is incorporated;
wherein if the first nucleotide is not incorporated and the second nucleotide is
incorporated, concluding that the repeat region of the sample/template
polynucleotides corresponds to the repeat region of the first primer (i.e., the
sample/template polynucleotides contains the same number of repeat
units/nucleotides as the first primer) and wherein if the result is otherwise, contacting
the sample/template polynucleotides with a second or further primer comprising a
repeat region of a different length and repeating steps (b) to (f) until the desired result
is obtained (i.e. the first nucleotide is not incorporated and the second nucleotide is
incorporated) and concluding that the repeat region of the sample/template
polynucleotides corresponds to the repeat region of the primer that does not result in
the incorporation of the first nucleotide but results in the incorporation of the second
nucleotide.

In one example, the method comprises: (a) contacting the sample/template
polynucleotides with a first primer comprising a repeat region; (b) adding a first
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nucleotide to the sample/template polynucleotides, the first nucleotide corresponding
to a nucleotide immediately ascending the repeat region of the reference sequence;
(c) determining whether the first nucleotide is incorporated; (d) optionally removing
remnants of the first nucleotide; (e) adding a second nucleotide to the sample/template
polynucleotides, the second nucleotide corresponding to a nucleotide further
ascending the repeat region of the reference sequence; (f) determining whether the
second nucleotide is incorporated; wherein if the first nucleotide and the second
nucleotide are incorporated, concluding that the repeat region of the sample/template
polynucleotides corresponds to the repeat region of the first primer (i.e., the
sample/template polynucleotides contains the same number of repeat
units/nucleotides as the primer) and wherein if the results are otherwise, contacting
the sample/template polynucleotides with a second or further primer comprising a
repeat region of a different length and repeating steps (b) to (f) until the results are
obtained and concluding that the repeat region of the sample/template
polynucleotides corresponds to the repeat region of the primer that results in the
incorporation of the first nucleotide and the second nucleotide. In some embodiments,
steps (a) to (f) are performed on a single sample/template polynucleotides in a single
partition//well/containment body. In some embodiments, steps (a) to (c) and optionally
(dy are performed on a sample/template polynucleotides in a
partition//well/containment body, while steps (e) and (f) are performed on an identical
clone/copy in a different partition//well/containment body.

In various embodiments, the method further comprises determining a length of
a repeat region/homopolymeric region in a reference sequence of the polynucleotide
sample prior to providing the plurality of Rp—containing primers. The Rp—containing
primers may then be designed to have repeat regions/homopolymeric regions that are
identical and/or similar in length to the repeat region/homopolymeric region in the
reference sequence. Advantageously, obtaining prior knowledge on an approximate
length of a repeat region/homopolymeric region in a sample (based on target genome
sequences) and designing the primers accordingly to have an identical/similar length
of a repeat region/homopolymeric region is likely to speed up the sequencing process
of the sample, e.g., as compared to contacting with primers of random lengths. In
various embodiments, the plurality of Rp—containing primers comprises: a Rp—
containing primer which homopolymeric region Rp has a length corresponding to the
length of the homopolymeric region in the reference sequence; optionally, a Rp—
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containing primer which homopolymeric region Rp has a length shorter than the length
of the homopolymeric region in the reference sequence; and further optionally, a Rp—
containing primer which homopolymeric region Rp has a length longer than the length
of the homopolymeric region in the reference sequence.

In various embodiments, the method further comprises amplifying the sample
or a target region/region of interest in the sample to obtain the template
polynucleotides. The ampilification reactions may include but are not limited to
polymerase chain reaction (PCR), ligase chain reaction (LCR), loop mediated
isothermal amplification (LAMP), nucleic acid sequence based amplification (NASBA),
self-sustained sequence replication (3SR), rolling circle amplification (RCA) or any
other process whereby one or more copies of a particular polynucleotide sequence or
nucleic acid sequence may be generated from a polynucleotide template sequence or
nucleic acid template sequence. Molecular cloning, e.g., using bacteria, may also be
used to amplify/expand the sample. In one example, PCR is performed on a target
region of the sample, followed by cloning into vector and subsequent PCR expansion
to obtain the template polynucleotides. The PCR products may be subjected to alkali
denaturation to obtain single-stranded template polynucleotides.

As may be appreciated, a sample may be heterogenous with mixed populations
of cells/polynucleotides having different number of repeating units/nucleotides in their
respective repeat regions. By use of a cloning step, different polynucleotides having
different number of repeating units may be segregated and separately analysed with
the primers of the present disclosure. Thus, embodiments of the method may be useful
and applicable for sequencing a heterogenous sample having polynucleotides
comprising repeat regions of different lengths. In some embodiments, the sample
comprises a heterogenous mix of polynucleotides having different number of repeating
units in their respective repeat regions. In some embodiments, the sample is
substantially homogenous and comprises polynucleotides having repeat regions of a
single length/having the same number of repeat units. In various embodiments, the
template polynucleotides comprise polynucleotides having repeat regions of
substantially the same length.

In various embodiments, the method further comprises adding or contacting the
template polynucleotides with a polynucleotide synthesizing enzyme for synthesis of
complementary polynucleotides. The polynucleotide synthesizing enzyme may be a
DNA synthesizing enzyme. The polynucleotide synthesizing enzyme may be a
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polymerase or DNA polymerase. In various embodiments, the method comprises
adding or contacting the template polynucleotides a polymerase for incorporating the
nucleotide(s) to the complementary polypeptide. In one example, the DNA
polymerase comprises DNA Polymerase | of Escherichia coli. In one example, the
DNA polymerase comprises the Klenow fragment of Escherichia coli DNA Polymerase
I. It will be appreciated that other suitable polymerases may also be used.

In various embodiments, the method comprises a sequencing by synthesis
method, which takes place by taking a single-stranded polynucleotide to be sequenced
(i.e., a sample) and then synthesizing its complementary strand enzymatically. In
some embodiments, the sequencing method comprises a pyrosequencing method. In
some embodiments, the pyrosequencing method comprises a solid-phase
pyrosequencing method. In some embodiments, the pyrosequencing method
comprises a liquid-phase pyrosequencing method. Embodiments of the method may
be semi-quantitative or a quantitative.

In various embodiments therefore, the method may further comprise adding or
contacting the template polynucleotides/primers/mixture thereof with one or more
components/reagents in a pyrosequencing method, such as, but not limited to, an
enzyme apyrase for decomposing nucleotides/dNTPs which have been added as a
substrate and remained unreacted, sulfurylase and APS for converting pyrophosphate
into ATP; luciferin and luciferase for reacting with ATP to emit chemiluminescence.

Embodiments of the sequencing method may also be implemented as one or
more of the following methods: a method of determining the sequence of a sample or
of a target region in the sample, a method of determining the presence of a mutation
in a sample, a method of determining a variant (e.g. for somatic or germline mutation),
a method of verifying a sequence, a method of treatment, a method of diagnosis, a
method of prognosis, a method of stratifying a patient for treatment, a method of
selecting a treatment regimen, a method of de novo assembly, a method of
sequencing a microorganism, a method of sequencing a virus, and the like.
Advantageously, embodiments of the method not only allow for accurate determination
of sequences at regions with repeats, but it also has a simple workflow that is user-
friendly and that does not require complicated equipment or analysis pipeline.
Embodiments of the methods also provide a fast turnaround time. Read-outs may be

obtained within a day for quick clinical decision making.
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In various embodiments, there is provided a plurality/combination of primers
comprising repeat regions, e.g., for use in embodiments of the methods as described
herein. In various embodiments, the repeat regions comprise homopolymeric regions.
In various embodiments, there is provided a plurality/combination of Rp—containing
primers. In various embodiments, there is provided a plurality/combination of
graduated census primers. The Rp—containing primers may comprises one or more
features as described herein. In various embodiments, the plurality of Ry—containing
primers comprises, at each of their 3’ end, a homopolymeric regions Rp. The repeat
regions/homopolymeric regions Rp in the combination/plurality of primers/Rp—
containing primers may be of different lengths.

In various embodiments, the repeat region/homopolymeric regions Rp in the
combination/plurality of primers/Rp—containing primers comprise a length selected
from: X nucleotides (nt), X+Y nt, X+2Y nt, X+3Y nt, X+4Y nt, X+5Y nt, X+6Y nt, X+7Y
nt, X+8Y nt, X+9Y nt, X+10Y nt and combinations thereof, wherein X and Y are both
positive integers. In various embodiments, X is at least about 2. In various
embodiments, X is a positive integer of from about 2 to about 300, from about 2 to
about 200, from about 2 to about 100, from about 2 to about 50 or from about 2 to
about 30. In various embodiments, Y is at least about 1. In various embodiments, Y is
from about 1 to about 50, from about 1 to about 40, from about 1 to about 30, from
about 1 to about 20, from about 1 to about 10, from about 1 to about 9, from about 1
to about 8, from about 1 to about 7, from about 1 to about 6, from about 1 to about 5,
from about 1 to about 4, from about 1 to about 3 or from about 1 to about 2. In various
embodiments, the repeat region/homopolymeric regions Rp in the plurality of Rp—
containing primers comprise a length selected from: X nucleotides (nt), X+1 nt, X+2
nt, X+3 nt, X+4 nt, X+5 nt, X+6 nt, X+7 nt, X+8 nt, X+9 nt, X+10 nt and combinations
thereof, wherein X is an integer no less than 3.

In various embodiments, the combination/plurality of primers/Rp—containing
primers comprise at least at least about two, at least about three, at least about four,
at least about five, at least about six, at least about seven, at least about eight, at least
about nine, at least about ten, at least about 11, at least about 12, at least about 13,
at least about 14, at least about 15, at least about 16, at least about 17, at least about
18, at least about 19 or at least about 20 primers/Rp—containing primers. In one
embodiment, the combination/plurality of primers/Rp—containing primers comprise at

least three primers/Rp—containing primers.
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In various embodiments, the combination/plurality of primers/Rp—containing
primers comprises a first primer comprising a repeat region/homopolymeric region Rp
of a first length, and optionally, a second or further primer(s) comprising a repeat
region/homopolymeric region Rp of a second or further length(s) that is different from
the first length.

In various embodiments, there is provided a kit e.g., for use in embodiments of
the methods as described herein. In various embodiments, the kit comprises
embodiments of the combination/plurality of primers/Rp—containing primers as
described herein and at least one more components/reagents selected from the group
consisting of: nucleotides, polymerase (e.g., DNA polymerase), adenosine
phosphosulfate (APS), ATP sulfurylase, luciferin, luciferase and apyrase. In one
embodiment, the nucleotides are selected from the group consisting of: dTTP, dCTP,
dGTP and dATPaS and combinations thereof.

In various embodiments, there is provided a system, optionally an automated
system, comprising: a primer design module configured to add one or more
nucleotides to the 3’ end of a first primer comprising a repeat region/homopolymeric
region of a first length to obtain a second or further primer(s) comprising a repeat
region/homopolymeric region of a second or further length(s) that is different from the
first length; and/or a primer dispensation module configured to dispense a first primer
comprising a repeat region/homopolymeric region of a first length and optionally a
second or further primer(s) comprising a repeat region/homopolymeric region of a
second or further length(s) that is different from the first length; and optionally a sample
processing module for processing the sample (e.g. amplification of sample, purification
of sample etc.); a sequencing module for sequencing the sample, optionally a
sequencing module that operates according to a pyrosequencing technique (e.g.,
PyroMark platform such as PyroMark Q48); and an analysis module for transforming
data received from the sequencing module to output a sequence result.

In various embodiments, there is provided an apparatus adapted to implement
the embodiments of the system as described herein.

In various embodiments, there is provided a method, a product, a system or an
apparatus as described herein.
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BRIEF DESCRIPTION OF FIGURES

FIG. 1. shows how the semi-quantitative feature of Sanger sequencing, which
is a method that does not comply with one or more of the requirements of
embodiments of the methods disclosed herein, could not determine the sequence at
regions of variable reads.

FIG. 2 shows the primers with repeat regions of different lengths being used in
a sequencing method in accordance with an embodiment disclosed herein. After the
primers are added to the template polynucleotides, nucleotides are subsequently
dispensed and tested for incorporation by detecting for the presence of a peak in the
sequencing readout.

FIG. 3 shows the determination of the immediate ascending A and G for each
clone with a 9A primer in a pyrosequencing assay in accordance with an embodiment
disclosed herein.

FIG. 4 shows the determination of the immediate ascending A and G for each
clone with 10A, 11A, 12A, 13A and 14A primers in a pyrosequencing assay in

accordance with an embodiment disclosed herein.

EXAMPLES

Example embodiments of the disclosure will be better understood and readily
apparent to one of ordinary skill in the art from the following discussions and if
applicable, in conjunction with the figures. It will be appreciated that the example
embodiments are illustrative, and that various modifications may be made without
deviating from the scope of the invention. Example embodiments are not necessarily
mutually exclusive as some may be combined with one or more embodiments to form
new exemplary embodiments.

The accurate detection of the sequences is important for verification and de
novo assembly purposes. Inaccurate detection of sequences could bring great impact
to the downstream works e.g., wrong selection of therapy due to wrong detection of
mutation or incorrect identification of human, microbial or viral sequences due to
wrongly annotated sequences. Optimal PCR assays with specific primers that could
amplify the specific target region, as well as efficient sequencing assay for accurate
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read-out of the sequences, are important for accurate sequencing. However, accurate
sequencing is often complicated at regions of high polymorphisms or repeated
sequences.

Sanger sequencing could only provide semi-quantitative readout, it could not
give accurate readout for regions with high polymorphism of various frequency or
repeated sequences. Though next-generation sequencing technology could provide
qualitative and quantitative information for sequences in regions of high polymorphism,
it could not provide accurate readout in regions of repeated sequences with routine
mapping and analysis pipeline. In contrast, pyrosequencing could address these
limitations of Sanger and next-generation sequencing, by providing accurate and
quantitative readout without expensive equipment and complicated workflow.
However, pyrosequencing has low accuracy in determining the sequences for regions

with repeated sequences (Table 1).

Simple Complicated Simple

Quahtative Yes Yes Yes:
readotit

Accuiracyin
regians of high
poiymorphism

Table 1. The comparison of different features on Sanger, next-generation and

pyrosequencing platforms.

To resolve this, a new protocol that allow for accurate determination and/or
increase the accuracy of the determination of target sequences in genomic regions
with repeated sequences is developed.

Pyrosequencing serves as an excellent sequencing solution for assay that
requires sequencing reads from short or fragmented sample without complicated
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equipment and a time-consuming analytical pipeline. However, as mentioned above,
the existing pyrosequencing assay is limited in its ability to accurate determine
sequences at regions with repeated sequences.

Pyrosequencing is g ssguencing by synthesis method which relies on the
detaction of a signal on nuclectide incorporation. In conventional pyrosequencing, a
single-siranded polynuclectide {0 be segquenced 18 contgcted with g primer for
hybridizing 1o the polynuclestide 1o delermine the starting poini of complementary
sirand synthesis. The four kinds of nucieotides are then added, ong al a time, o the
reaction mixture in g designated order. H the nuclectide added is the next
complementary nucleolide 1o the sequence of the sample, the nucleoiide s
incorporated inlo the complementary strand and the complementary sirand is
extended by one base length. This incorporation of nucleotide is transiaied into a
deteciable signal. § the nucleotide added is not the nexd complementary nuciectide
and not incorporated into the complementary strand, no signal is emitled. The
nuciectide is then degraded/decomposad pelore a next nucleolide is added and
moniiored for signal emission. The four Kinds of nucleotides are added repealedly in
a designated order and the base sequence of the sample is determined ong by one
according to the presence or absence of signal emitied each time.

it will be appreciated that, in pyrosequencing, theoretically, the peak intensities
it a pyrosequencing How-gram should be directly proportional io the incorporated
bases during one nuclectide dispensation. For example, when two dOTPs are
incorporaied inte the complementary strand during the dispensation of the nuclectide
dCTF, the intensity of the signal emitted should be twice of that of a signal emilled
when one dCTR iz incorporated. However, conventional pyrosegquencing method is
krniown 1o be experimentally imprudent to sequence long repaat regions. For example,
in conventional pyrosequencing, the signal is known {0 salurate with the incorporation
of three or fow identical nuclectides, resulting in inaccurgie determingtion of the
sequencs i g repeat region with mubtiple adjacen! identical nucleotides/sequences.
Without being bound by theory, it is believed that this may be due o non-linsar light
rasponse  following  incorporation  of  several  identical  nuclectides, or  the
homopolymeric regions may reduce synchronized exiension and synthesis of 3
polynucieotide strand, causing non-uniform peak haights.

A graduated consensus primer approach was used to tackle this limitation of
pyrosequencing.
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First, Sanger sequencing was performed on a test sample to obtain its
sequence at region with repeated and variable sequences. However, the reads at
region of variable sequences could not be determined (FIG. 1).

Since the test sample is heterogenous with mix population of cells with different
number of repeats, it has complicated the Sanger sequencing readout. To resolve this,
a new strategy was adopted. PCR was performed on the target region, followed by
cloning into vector and PCR expansion. Next, graduated census primers were used,
which allow pyrosequencing readout on the number of immediate ascending As and
Gs (FIG. 2). Then, pyrosequencing was performed using the graduated census
primers on these DNA clones with verified number of A repeats. Based on the
pyrosequencing result, the counts of A and G (the immediate ascending sequence
after the A repeats) were tabulated for each clones (FIG. 3 and FIG.4). The number of
As could be determined accurately with the pyrosequencing.

Results

In FIG.3, a sequencing primer with 9A (CATTGCTCTACAAAAAAAAA) was
used. For colony 14, the homopolymer region had 10T so 9 out of 10T were
complementarily bound to A of the sequencing primer, leaving behind only 1T. Thus,
during pyrosequencing, when nucleotide A was dispensed, a signal equivalent to 1A
could be observed. Similarly, for colony 12 (containing 11A), colony 11 (containing
12A), colony 16 (contacting 13A), when nucleotide A was dispensed, signals
equivalent to 2A, 3A and 4A could be observed respectively. From above results, the
number of A present in the homopolymer region in the sample/colonies can be easily
determined. The total number of A in the homopolymer region = number of A in
homopolymer region of sequencing primer (e.g., 9A in this example) + number of A
incorporated as determined by pyrosequencing.

Based on above approach, similar predicted results were obtained when
primers with 10A, 11A, 12A, 13A and 14A were used (FIG. 4).

Materials and methods

Materials and methods employed at the various stages in the example are
summarised in this section. It will be appreciated that embodiments of the sequencing
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methods are not limited to the materials and methods described in this section, and

may also work with other suitable materials and methods.

1. Amplification of target region

Q5® Hot Start High-Fidelity DNA | New England MO491
Polymerase Biolabs (NEB)
SSA2_FP (Forward primer)
Integrated DNA
Sequence: . N/A
Technologies (IDT)
CATCGAGATCATCCTTTGCAT
SSA4_RP
Integrated DNA
Sequence: . N/A
Technologies (IDT)
TCCTTATGGATCATTGTGGAAT
RNase-Free Water QIAGEN 129112

Rotor-Gene Q 5plex Platform QIAGEN 9001570
PCR Setup:

5X Q5 Reaction Buffer 5.00 pL

10 mM dNTPs 0.50 pL

10 pM Forward Primer 1.25 uL

10 pM Reverse Primer 1.25 uL

Template DNA Variable

Q5 High-Fidelity DNA Polymerase 0.25 L
Nuclease-Free Water to 25 L

PCR Cycling Steps:
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Initial Denaturation 95°C 15min 1
Denaturation 94°C 15sec
Annealing 56°C 30sec 35
Extension 72°C 30sec
Final Extension 72°C 5min 1

2. Cloning of target DNA into vector

QIAGEN PCR Purification kit QIAGEN 28104
Nuclease-free water Promega P119C
TOPO TA Cloning Kit Life Technologies 45-0641
. . . 46-0700/15544-
S.0.C. medium (provided by FM group) | Invitrogen 034
In-house
STBL3 cells . NA
preparation
In-house
LB+Amp plates . NA
preparation
In-house
0.1M IPTG . NA
preparation
X-GAL Fermentas R0941

The amplified target DNA was then purified and cloned into vector using TA cloning

kit.

Method used for PCR product purification

e Add ethanol (96-100%) to Buffer PE before use (see bottle label for volume).
e Add 1:250 volume pH indicator | to Buffer PB. The yellow colour of Buffer PB

with pH indicator | indicates a pH of <7.5

1. Add 5 volumes Buffer PB to 1 volume of the PCR reaction and mix. /f the colour

of the mixture is orange or violet, add 10 uyl 3 M sodium acetate, pH 5.0, and

mix. The colour of the mixture will turn yellow.
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2. Place a QlAquick column in a provided 2 ml collection tube.

3. To bind DNA, apply the sample to the QlAquick column and centrifuge for 30—

60 seconds.

4. Discard flow-through and place the QIAquick column back in the same tube.
5. To wash, add 0.75 ml Buffer PE to the QIAquick column centrifuge for 30—-60

seconds.

6. Discard flow-through and place the QlIAquick column back in the same tube.

7. Centrifuge the QIAquick column once more in the provided 2 ml collection tube

for 1 minute to remove residual wash buffer.

Place each QIAquick column in a clean 1.5 ml microcentrifuge tube.

9. To elute DNA, add 30 pl water (pH 7.0— 8.5, Promega, #P119C) to the center

of the QlIAquick membrane and centrifuge the column for 1 minute.

Adding A overhang to purified PCR product

Prepare the reaction mix according to the below table:

Purified PCR product (100ng) 0.15to0 1.5 pmol

dATP (10 mM) 0.2 mM 1

PCR Buffer with Mg (10x) 1x (1.5 mM MgCI2) 5

Taq DNA Polymerase (5 U/uL) 1U 0.2
ddH20 - up to 50pL

1.

The A-addition reaction works better when a specific amount of the PCR
product is used. A good amount is 10—100 ng PCR product for each 100 bp
length of the PCR product. This corresponds to 0.15-1.5 pmol PCR product

(see table below).

100 bp 10-100 ng
250 bp 25-250 ng
1000 bp 100—1000 ng
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Use 100ng PCR product.
2. Incubate for 20 minutes at 72 °C.
3. Proceed to TA cloning. For optimal ligation efficiency, it's better to use fresh
PCR products, since 3’A-overhangs will gradually be lost during storage.

Ligation

1. Prepare the following mix:

PCR product (0.5-4uL) | 4 ng/ pL) 4ng/ uL)

Salt solution 1 1

dH20 X X

TOPO vector 1 1

Total 6 6
2. Mix gently.

3. Incubate at room temperature overnight

4. Place on ice and continue with transformation.

Transformation
Pre-warm LB-Amp plates to 37°C, then spread 40uL X-Gal and 100uL IPTG on top,
put back to 37°C.

Thaw 50uL STBLS cells on ice.

Add 2pL of ligated vector.

Mix gently. Do not pipette up and down.

Incubate on ice for 15 minutes (5-30 minutes).
Heat shock for 30 seconds at 42°C in water-bath.
Immediately put on ice.

Add 250ul S.0.C. medium.

Shake at 37°C, 300rpm for 1.5 hours.

© N o g kw2
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9. Plate onto LB+Amp+IPTG+X-Gal plates.
a. A:100uL
b. B:20uL ligation + 100uL SOC
10.Check colonies the next day.
a. Several hundred colonies should be present.

3. Colony PCR

A quick colony PCR was done using below mentioned reagents.

Q5® Hot Start High-Fidelity DNA | New England | M0491
Polymerase Biolabs (NEB)

SSA2_FP (Forward primer) Integrated DNA | N/A
Sequence: Technologies (IDT)
CATCGAGATCATCCTTTGCAT

SSA4_RP Integrated DNA | N/A
Sequence: Technologies (IDT)
TCCTTATGGATCATTGTGGAAT

RNase-Free Water QIAGEN 129112

Rotor-Gene Q 5plex Platform QIAGEN 9001570
PCR Setup

5X Q5 Reaction Buffer 5.00 pL

10 mM dNTPs 0.50 pL

10 pM Forward Primer 1.25 uL

10 pM Reverse Primer 1.25 uL
Template DNA variable

Q5 High-Fidelity DNA Polymerase 0.25 uL
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Nuclease-Free Water

t0 25.00 pL

PCR Cycling Steps:

Initial Denaturation 95°C 15min 1
Denaturation 94°C 15sec

Annealing 56°C 30sec 35
Extension 72°C 30sec

Final Extension 72°C 5min 1

Colonies that showed amplification for target DNA were further propagated in the LB

broth.

4. Preparation of amplicons for pyrosequencing:

Cloned target DNA from various colonies were amplified using biotinylated primers for

pyrosequencing.

Polymerase

Q5® Hot Start High-Fidelity

DNA

New England | M0491
Biolabs (NEB)

SSA2_FP (Forward primer)

Sequence:

CATCGAGATCATCCTTTGCAT

Integrated  DNA | N/A
Technologies
(IDT)

SSA4_BRP (Reverse primer)

Integrated  DNA | N/A

Sequence: Technologies
/5Biosg/ TCCTTATGGATCATTGTGGAAT | (IDT)
RNase-Free Water QIAGEN 129112
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Rotor-Gene Q 5plex Platform QIAGEN 9001570

PCR Setup for amplification of cloned target DNA (using biotinylated Reverse primer):

5X Q5 Reaction Buffer 5.00uL
10 mM dNTPs 0.50uL
10 uM Forward Primer (SSA2_FP) 1.25uL
10 uM Reverse Primer (SSA4_BRP) 1.25uL
Template DNA 1.00pL
Q5 High-Fidelity DNA Polymerase 0.25uL
Nuclease-Free Water 15.75uL
Total 25.00pL

PCR Cycling Steps:

Initial Denaturation 95°C 15min 1
Denaturation 94°C 15sec

Annealing 56°C 30sec 35
Extension 72°C 30sec

Final Extension 72°C 5min 1

5. Pyrosequencing Run:

SQR1-B (8A): | Integrated DNA | N/A
CATTGCTCTACAAAAAAAA Technologies (IDT)
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SQR1-C (9A): Integrated DNA | N/A
CATTGCTCTACAAAAAAAAA Technologies (IDT)

SQR1-D (10A): Integrated DNA | N/A
CATTGCTCTACAAAAAAAAAA Technologies (IDT)

SQR1-E (11A): Integrated DNA | N/A
CATTGCTCTACAAAAAAAAAAA Technologies (IDT)
SQR1-12A: Integrated DNA | N/A
CATTGCTCTACAAAAAAAAAAAA Technologies (IDT)
SQR1-13A: Integrated DNA | N/A
CATTGCTCTACAAAAAAAAAAAAA Technologies (IDT)
SQR1-C14A: Integrated DNA | N/A
CATTGCTCTACAAAAAAAAAAAAAA | Technologies (IDT)

PyroMark Q24 Gold Reagents QIAGEN 970802
Binding Buffer QIAGEN 979006
Denaturation Solution QIAGEN 979007
Annealing Buffer QIAGEN 979009
Streptavidin Mag Sepharose Beads GE Healthcare 28-9857-38
Waste Strips BMS N/A

Qseq Bio Molecular | N/A
Systems (BMS)

Vortex Mixer Corning N/A

Microfuge Myfuge N/A

Assay setup:

Prepare pyrosequencing assay file using Qseq software (refer to Qseq user manual);

set nucleotide dispensation order based on sequence to be analysed.

Aim Dispensation order

To check with | AGAGGCTGATGAT

which
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sequencing
primer G peak
appears
To check | GCTCTACACACACACACACACACACACACAGACGCTATGAT
Multiple-A
Run Setup:

a. Standard Gold V6 protocol.

b. Primer Loading: Manual (if more than 3 primers are used).

Disc Setup:
a. Drag saved assay file onto wells.
b. Enter sample information.

c. Save run file to USB drive.

Machine Setup
a. Select the Run file on the instrument via the USB flash drive.
b. Check that a waste strip is inserted into the chamber.
c. Load the required volumes of reagent displayed on instrument touch
panel.
d. Selected last run of the day (appeared on touch panel).
e. Prime and test the injectors.

Note: always clean injectors before running sequencing run.

Loading of magnetic beads and PCR amplicons:
a. Insert 48 well disc into Qseq machine
b. Load 2uL of Streptavidin Mag sepharose beads to each well.
c. Load 10 pL of PCR amplicon to the respective wells.

Manual primer loading
a. Machine will prompt for manual primer loading.

b. Load 2uL of sequencing primer into respective wells.
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c. Follow instruction on display to continue sequencing run.

Upon run completion
a. Clean injectors, follow instructions on display
b. Save result file onto USB.

c. Analyze run.

Result analysis:
After completion of sequencing run copy the result file to USB drive and

analysis it using Qseq software.

Conclusion

Presence of repeated sequences can be found in many samples. Existing
pyrosequencing assay and protocol could not overcome its limitation for low accuracy
in calling sequences at regions with repeated sequences. With the ability to determine
the sequences of repeated regions accurately, embodiments of the method as
described herein could overcome the current limitations of the pyrosequencing assay.
Increased accuracy for pyrosequencing will bring great impacts in its application such
as accurate calling of mutation and microbial sequencing.

Embodiments of the method can be implemented in the development of
companion diagnostic assays or academic research works that requires accurate
determination of the sequences e.g., detection of mutation for selection of therapy,
detection of variants for somatic or germline mutation, detection for the presence of
microorganisms that requires accurate sequences for annotation.

It will be appreciated by a person skilled in the art that other variations and/or
modifications may be made to the embodiments disclosed herein without departing
from the spirit or scope of the disclosure as broadly described. For example, in the
description herein, features of different exemplary embodiments may be mixed,
combined, interchanged, incorporated, adopted, modified, included etc. or the like
across different exemplary embodiments. The present embodiments are, therefore, to
be considered in all respects to be illustrative and not restrictive.
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CLAIMS

1.

A pyrosequencing method for sequencing a polynucleotide sample comprising
a homopolymeric region Rs, the method comprising:

providing template polynucleotides comprising the polynucleotide sample
and copies thereof;

providing a plurality of Rp—containing primers comprising, at each of their 3’
end, a homopolymeric region Rp comprising nucleotides that are
complementary to the nucleotides in the homopolymeric region Rs, and

contacting the plurality of Rp—containing primers with the template
polynucleotides under conditions suitable for hybridization and synthesis of
complementary polynucleotides,
wherein the homopolymeric regions Rp in the plurality of Rp—containing primers
are of different lengths.

The pyrosequencing method according to claim 1, wherein the homopolymeric
regions Rp in the plurality of Rp—containing primers comprise a length selected
from: X nucleotides (nt), X+1 nt, X+2 nt, X+3 nt, X+4 nt, X+5 nt, X+6 nt, X+7 nt,
X+8 nt, X+9 nt, X+10 nt and combinations thereof, wherein X is an integer no
less than 3.

The pyrosequencing method according to claim 1 or claim 2, wherein the
plurality of Rp—containing primers comprise at least three Rp—containing primers.

The pyrosequencing method according to any one of claims 1-3, wherein
contacting the plurality of Rp—containing primers with the template
polynucleotides comprises partitioning the template polynucleotides into a
plurality of partitions of template polynucleotides and contacting each partition

with a Rp—containing primer with a homopolymeric region Rp of a different length.

The pyrosequencing method according to any one of claims 1-3, wherein
contacting the plurality of Rp—containing primers with the template
polynucleotides comprises applying the plurality of Rp—containing primers
sequentially to the template polynucleotides.
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6. The pyrosequencing method according to any one of claims 1-5, the method
further comprising:
adding a nucleotide N1 to the template polynucleotides after the template
polynucleotides are contacted with a Rp—containing primer, the nucleotide N1
corresponding to the nucleotides in the homopolymeric region Rp; and
determining whether the nucleotide N+ is incorporated in the
complementary polynucleotides.

7. The pyrosequencing method according to any one of claims 1-6, the method
further comprising:
adding a nucleotide N2 to the template polynucleotides after the template
polynucleotides are contacted with a Rp—containing primer, wherein nucleotide
N2 is different from the nucleotides in the homopolymeric region Rp, optionally
wherein nucleotide N2 is complementary to an adjacent nucleotide that is
directly next to the homopolymeric region Rs on a 5’ side in the polynucleotide
sample; and
determining whether the nucleotide N2 is incorporated in the

complementary polynucleotides.

8. The pyrosequencing method according to claim 6 or claim 7, the method further
comprising:
identifying the Rp—containing primer contacted with the template
polynucleotides when nucleotide N1 is not incorporated and/or the nucleotide
N2 is incorporated in the complementary polynucleotides; and
concluding that the homopolymeric region Rs has a length
corresponding to the length of the homopolymeric region Rp of the identified

Rp—containing primer.

9. The pyrosequencing method according to claim 6, the method further
comprising:
identifying the Rp—containing primer contacted with the template
polynucleotides when nucleotide N1 is incorporated in the complementary
polynucleotides;
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determining the number of nucleotide N+incorporated; and

concluding that the homopolymeric region Rs has a length corresponding
to the sum of the number of nucleotide N1 incorporated and the length of the
homopolymeric region Rp of the identified Rp—containing primer.

10. The pyrosequencing method according to claim 8 or claim 9, the method further
comprising:
verifying that nucleotide N1 is incorporated in the complementary
polynucleotides of template polynucleotides contacted with a Rp—containing
primer comprising a shorter homopolymeric region Rp than that of the identified

Rp—containing primer before the concluding step.

11.The pyrosequencing method according to claim 6 or claim 7, wherein where the
nucleotide N1 is not incorporated in the complementary polynucleotides of the
template polynucleotides contacted with the plurality of Rp—containing primers,
the method further comprises:

a) providing a further Rp—containing primer comprising a shorter
homopolymeric region Rp than those of the plurality of Rp—containing
primers;

b) contacting the template polynucleotides with the further Rp—
containing primer;

c) determining whether the nucleotide N1 and/or the nucleotide N2 is
incorporated in the complementary polynucleotides of the template
polynucleotides of step b); and

d) concluding that the homopolymeric region Rs has a length
corresponding to the length of the homopolymeric region Rp of the
further Rp—containing primer when nucleotide N1 is not incorporated
and/or the nucleotide N2 is incorporated in the complementary

polynucleotides of step c).

12.The pyrosequencing method according to claim 6 or claim 7, wherein the
nucleotide N1 is incorporated in the complementary polynucleotides of the
template polynucleotides contacted with the plurality of Rp—containing primers,
the method further comprises:
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a) providing a further Rp—containing primer comprising a longer
homopolymeric region Rp than those of the plurality of Rp—containing
primers;

b) contacting the template polynucleotides with the further Rp—
containing primer;

c) determining whether the nucleotide N1 and/or the nucleotide N2 is
incorporated in the complementary polynucleotides of the template
polynucleotides of step b); and

d) concluding that the homopolymeric region Rs has a length
corresponding to the length of the homopolymeric region Rp of the
further Rp—containing primer when nucleotide N1 is not incorporated
and/or the nucleotide N2 is incorporated in the complementary

polynucleotides of step c).

13.The pyrosequencing method according to claim 11 or claim 12, the method
further comprising:
verifying that nucleotide N1 is incorporated in the complementary
polynucleotides of the template polynucleotides contacted with a Rp—
containing primer comprising a shorter homopolymeric region Rp than that of
the further Rp—containing primer before the concluding step.

14. The pyrosequencing method according to any one of claims 1-13, the method
further comprising amplifying the polynucleotide sample and/or cloning the
polynucleotide sample into a vector to obtain the template polynucleotides.

15. The pyrosequencing method according to any one of claims 1-14, the method
further comprising:

determining a length of a homopolymeric region in a reference sequence

of the polynucleotide sample prior to providing the plurality of Ry—containing

primers.

16. The pyrosequencing method according to claim 15, wherein the plurality of Rp—

containing primers comprises:
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a Rp—containing primer which homopolymeric region Rp has a length
corresponding to the length of the homopolymeric region in the reference
sequence;

optionally, a Rp—containing primer which homopolymeric region Rp has a

length shorter than the length of the homopolymeric region in the reference
sequence; and

further optionally, a Rp—containing primer which homopolymeric region

Rp has a length longer than the length of the homopolymeric region in the

reference sequence.

17. A plurality of Rp—containing primers for use in the method according to any of
claims 1-16, wherein the plurality of Rp—containing primers comprises, at each
of their 3’ end, a homopolymeric region Rp, further wherein the homopolymeric

regions Rpin the plurality of Rp—containing primers are of different lengths

18.The plurality of Rp—containing primers according to claim 17, wherein the
homopolymeric regions Rp in the plurality of Rp—containing primers comprise a
length selected from: X nucleotides (nt), X+1 nt, X+2 nt, X+3 nt, X+4 nt, X+5 nt,
X+6 nt, X+7 nt, X+8 nt, X+9 nt, X+10 nt and combinations thereof, wherein X is
an integer no less than 3.

19.The plurality of Rp—containing primers according to claim 17 or claim 18,
wherein the plurality of Rp—containing primers comprise at least three Rp—

containing primers.

20. A kit for use in the method according to any of claims 1-16, the kit comprising:
the plurality of Rp—containing primers according to any one of claims
17-19; and
at least one more component selected from the group consisting of:
nucleotides, polymerase, adenosine phosphosulfate (APS), ATP sulfurylase,

luciferin, luciferase and apyrase.
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