US 20170029883A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2017/0029883 A1

Zhao et al. 43) Pub. Date: Feb. 2, 2017
(54) COMPOSITIONS AND METHODS FOR Dec. 23, 2009, now Pat. No. 8,399,188, filed as
NUCLEOTIDE SEQUENCING application No. PCT/US2007/019353 on Sep. 4,
2007.
71) Applicant: Illumina, Inc., San Di CA (US
(71)  Applicant: Ilumina, Inc., San Diego, US) (60) Provisional application No. 60/852,388, filed on Oct.
(72) Inventors: Chanfeng Zhao, San Diego, CA (US); 16, 2006, provisional application No. 60/827,388,
Igor Kozlov, San Diego, CA (US); filed on Sep. 28, 2006, provisional application No.
Melissa WOII, Solana Beach, CA (US) 60/827,395, filed on Sep. 28, 2006.
Publication Classification
(73) Assignee: Illumina, Inc., San Diego, CA (US) (51) Int. CL
CI12Q 1/68 (2006.01)
(21) Appl. No.: 15/295,728 CI2P 19/34 (2006.01)
(52) US. CL
(22) Filed: Oct. 17, 2016 CPC ... CI12Q 1/6869 (2013.01); C12Q 1/6823
(2013.01); C12P 19/34 (2013.01)
Related U.S. Application Data (57) ABSTRACT
(63) Continuation of application No. 14/695,955, filed on The invention provides nucleoside and nucleotide molecules

Apr. 24, 2015, now Pat. No. 9,469,873, which is a
continuation of application No. 14/327,872, filed on
Jul. 10, 2014, now Pat. No. 9,051,612, which is a
continuation of application No. 13/846,401, filed on
Mar. 18, 2013, now Pat. No. 8,808,988, which is a
continuation of application No. 12/442,925, filed on

containing cleavable linkers linking a label such as a dye.
The invention also provides nucleosides and nucleotide
molecules containing a blocking group, either immovable or
non-removable. The invention additionally provides meth-
ods of using the nucleoside and nucleotide molecules con-
taining a cleavable linker and/or a blocking group.



Patent Application Publication  Feb. 2, 2017 Sheet 1 of 18 US 2017/0029883 A1

A ) 0 o

i i i

HO~P =0 =P ~0~P 0 Base —— Peptide — Dye
! ] !
CH OH OH
OH Blocking Group
) \//‘\\\\\\ e ¥ \/\CN
N+ —0 8
2 O~ —© \/\CN ~ \\R
e — o §
mmmmmmmmmaa o o .
e """""“”Q\v/f S\\ 0
e O3 SiBu
4 N O ©
e OPOH, ~ h
e OSOH O N
— 0 0
0

B

O O Q

i i i
HO ~P -0 ~P ~0~PFP 0
; ; |

OH OH OH -

B — Peplide — Dys




Patent Application Publication  Feb. 2, 2017 Sheet 2 of 18 US 2017/0029883 A1

A
Sequencing by Synthesis
[T
DNA Po
LA
.G
?(
Remove Dye and
3-Profection
8 Proposed Structure of NTPs

Brepresenis A, T, G, or C

8 p—Cleavable Linker — Dye

3-Removable Group

Enzyme cleavage site

0 0 0 /
i i fi
HO=P =0 =P ~0=P=0
! ! .
OH  OH  OH S’

g - Peptide — Dye

/®
3-Removable Group Fig 2



Patent Application Publication

Feb. 2,2017

Finging the Bast Peptide Linker

We have generated the cleavage data for Subtilisin A and Chymolrypsin proteases for
about 1000 different peptides. The top 10 peplides were selected for further evaluation,
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# Peptide Name Paptide Sequence

1 R1 HHHHELLVYGGGGhiotin

2 P2 HHHHHLNAGFTASbiotin

3 B3 HHHHHSLAYYTAGDiotin

4 P4 HHHHHITVQTVTWhiotin

5 P5 HHHHHLGLARGGGhiotin

& P8 HHHHHLGRLEVV Y biotin The best
7 p7 HHHHEATVETVAL biotin “ performing
8 Py HREHHHSONYVTVGhictin peptide
g P8 HHHHHIEPRSFRQbiotin

10 £10 HHHHBLSPRTFHPhiotin

11 Pii HHHHHHEGAGA

12 No peplide

Cleavage of the First Set of Model peptides
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7000 0 No Enzyme
%@88 . Proteinase K, 1 mginil
%085 A i i & Subtilisin A, 1 mgfmi
%888 1| . 1. @ Chymoirypsin, 0.5 mg/mi
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4 Peptice Name Peptide Sequence
1 o7 HHHHHATVLTVAbiolin
2 7l Yhiotin Starting 13-mer peplide
3 P11 Lbiotin

4 Pi-2 Albiotin

5 P13 VALbiotn

8 P1-4 TVALbiolin

7 P1-5 LTVALBiotin

8 P16 VLTVALblotin

g P17 VLTVALbiotn

10 P13 ATYLTVALblotin

11 £2-1 Vhiclin

12 22 TVbictin

13 P23 LTVDictin

14 P2-4 Vi TVhiotin

15 -5 TYLTVbiotin

16 P26 ATVLTVhictin

Cleavage of the Second Set of Mode! Pegtides

6800

5000 riNo Enzyme

fggg SFroleinase K, 1 mg/mi

2000 LH @ Suniiisin A, 1 mgiml

1000 - iH i HL @Chymolrypsin, 0.5 mgimi
0 =S . V: INERAS 1:? ~
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< Q\ Q’\ Q\ Q’\ Q\ Q\ Q’\ Q(Lgf\b Q(L Qq/ Qq/ Q(L Q Q\%Q‘\}b'
%C)

Fig. 4
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Structure of Proposed Linker Peplide
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incorporation on the Array

1) No enzyme

2y + dTTP

3y + dTTR, dATR, dCTP, dGTP

43 + Biotinyiated dUTP

5) + Biotinylatad dUTP + dATP, dCTR, dGTP
8) + FAM-dUTP

7y + FAM-gUTP + dATP, dCTR dGTP

8) + Amine-dUTH

9) + Amine-dUTP + dATPR, dCTP, dGTP
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10} + Aldehyde-dUTP

11) + Aldehyde-dUTP + gATP, dCTR, dGTP
12} + Hydrazine-dUTP

13) + Hydrazine-dUTP + dATP, dCTP, dGTP
14} + Unlabaled primars + FAM-dUTP

15) + Uniabsled primers + FAM-dUTF.dATP,
dCTR dGTP

Sample from Lane 8 of gel A

cleaved with Protease, 1 min,

16} + FAM-dUTP

173 + FAM-dUTP + cleaved with protease,
1 minute R/T in the presence

of g5% formamide
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incorporation on the Array

Primer 70 A -OH
Template [ RS et AGAGAGAGAGTTTWO
3 5

incorporation of FAM-dUTP on the array

7000
6000 FAM-dUTP
5000
4000 FAM-dUTRF/Protease
3000
2600 FAM-dUTP/Protease/dCTR/FAM-GUTPR
1000 Array Background Signal (Off beads)
0

Subtifisin [final] = 1 mg/mi

Fig. 9
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Example of making beds with hairpin shucture
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COMPOSITIONS AND METHODS FOR
NUCLEOTIDE SEQUENCING

BACKGROUND OF THE INVENTION

[0001] This invention relate generally to methods for
analysis of nucleic acids more specifically to genomic
sequence analysis useful in personalized medical analysis.
[0002] The diagnosis and treatment of human diseases
continues to be a major area of social concern. The impor-
tance of improving health care is self evident, so long as
there continues to be diseases that affect individuals, there
will be an effort to understand the cause of such diseases as
well as efforts to diagnose and treat such diseases. Preser-
vation of life is an inherent force motivating the vast amount
of time and expenditure continually invested into scientific
discovery and development processes. The application of
results from these scientific processes to the medical field
has led to surprising advancements in diagnosis and treat-
ment over the last century, and especially over the last
quarter century. Such advancements have improved both the
quality of life and life span of affected individuals.

[0003] However significant in both scientific and medical
contribution to their respective fields, the progression of
advancements have been slow and painstaking, generally
resulting from step-wise trial and error hypothesis driven
research. Moreover, with each advancement there can be
cumulative progression in the overall scientific understand-
ing of a problem, but there are few guarantees that the
threshold needed to translate a discovery into a practical
medical application has been achieved. Additionally, with
the achievement of all too many advancements comes the
sobering realization that the perceived final answer for a
complete understanding of a particular physiological or
biochemical process is, instead, just a beginning to a more
complex process still needed to be dissected and understood.
[0004] Further complicating the progression of scientific
advancements and its practical application can result from
technical limitations in available methodology. Each discov-
ery or advancement can push the frontiers of science to new
extremes. Many times, continued progress can be stalled due
to the unavailability or insufficiency in technological sophis-
tication needed to continue studies or implement practical
applications at the new extremes. Therefore, further
advancements in the scientific discovery and medical fields
necessarily have to await progress in other fields for the
advent and development of more capable technologies and
materials. As a result, the progression of scientific advance-
ments having practical diagnostic and therapeutic applica-
tions can occur relatively slowly because it results from the
accumulation of many smaller discoveries, contributions
and advancements in technologies.

[0005] Genomic technology has been one such scientific
advancement purported to open new avenues into the dis-
covery and development processes and achieve new dimen-
sions in the medical diagnostic and therapeutic fields.
Genomic research has resulted in the sequencing of numer-
ous whole genomes, including human. Futuristic speculation
of genomic technology for medical applications has been
directed to revolutionary diagnostic applications because of
the precise physical characteristics purportedly available
from complete genome sequences.

[0006] However, except for certain nucleic acid detection
procedures amenable to selected targets, application of the
vast amount of genomic information and technology to
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medical diagnosis and treatment is still in its infancy. One
drawback tendering the application of genomics to practical
medicine is due to the inability to select relevant sequences
among a vast amount of non-informative sequences for
analysis. In effect, the wheat cannot be sufficiently separated
from the chaff prior to analysis, which leads to bias in the
results.

[0007] For example, one problem with many nucleic acid
selection methods is the loss of an accurate sequence rep-
resentation in the selected population compared to the
authentic genomic population. Selection methods amenable
to medical applications generally amplify specific regions of
the nucleic acids using a variety of methods including, for
example, PCR, rolling circle, TMA, NASBA and the like.
However, batch amplification needed for high throughput
genomic applications results in significant distortion of the
resulting sequence representation compared to the original
mixture.

[0008] An alternative method for selecting nucleic acids
from complex genomic mixtures employs destruction of the
unwanted nucleic acid. These methods often rely on chem-
istries of specific bases or sequences and have limited
applicability to large scale and/or high throughput analysis
because of their inability to target any region of the genome.
Therefore, while spectacular in its potential ramifications,
the ability to accurately sort through, select and identify
relevant genomic sequences among other genomic
sequences in complex genomic DNA mixture has failed to
allow application of this technology to achieve its potential.
Furthermore, for personalized medicine, more rapid and less
expensive techniques for genome analysis are required. In
particular, it would be beneficial to develop techniques that
would allow rapid, efficient and cost effective sequencing of
genomic DNA. Such techniques would also be useful in
diagnostics, for example, identification of microorganisms
such as viruses, bacteria or bacterial strains, in particular
virulent bacterial or viral strains, as well as forensic appli-
cations.

[0009] Thus, there exists a need for more rapid and
efficient methods for accurately sequencing nucleic acids
such as genomic DNA. The present invention satisfies this
need and provides related advantages as well.

SUMMARY OF INVENTION

[0010] The invention provides nucleoside and nucleotide
molecules containing cleavable linkers linking a label such
as a dye. The invention also provides nucleosides and
nucleotide molecules containing a blocking group, either
removable or non-removable. The invention additionally
provides methods of using the nucleoside and nucleotide
molecules containing a cleavable linker and/or a blocking

group.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows the structure of an exemplary
2'-modified nucleotide for use as a reversible terminator in
a sequencing by synthesis (SBS) method along with exem-
plary 2' blocking groups, and shows a 2' reversible termi-
nator with a phosphate as the blocking group.

[0012] FIG. 2 shows the scheme for sequencing by syn-
thesis (SBS) using nucleotides with enzymatically cleavable
linkers. A schematic drawing of an SBS method is shown.
FIG. 2 also shows a proposed structure of a nucleotide
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having an enzymatically cleavable linker. The nucleotide
contains a removable group at the 3' position and the dye
linked to the nucleotide via a peptide that is cleavable by a
protease.

[0013] FIG. 3 shows exemplary peptide linkers and the
results of cleavage of those linkers with proteinase K,
subtilisin and chymotrypsin.

[0014] FIG. 4 shows optimization of a peptide linker.
Various sequences based on peptide P7 of FIG. 3 were
synthesized and tested for cleavage with proteinase K,
subtilisin and chymotrypsin.

[0015] FIG. 5 shows the structure of an exemplary cleav-
able peptide linker.

[0016] FIG. 6 shows a scheme for the synthesis of FAM-
dUTP with a peptide linker.

[0017] FIG. 7 shows HPLC analysis of modified dUTPs,
amino-dUTP, aldehyde-dUTP and FAM-peptide-dUTP.
[0018] FIG. 8 shows gel analysis of the incorporation of
modified dUTPs.

[0019] FIG. 9 shows incorporation of FAM-dUTP on a
Bead Array™.

[0020] FIG. 10 shows four dNTPs with different Bodipy
dye molecules.

[0021] FIG. 11 shows emission spectra for the Bodipy dye
molecules shown in FIG. 10.

[0022] FIG. 12 shows four dNTPs with a different dyes,
FAM, TAMRA, Alexayy, and Alexa,s,.

[0023] FIG. 13 shows emission spectra for the dyes shown
in FIG. 12.
[0024] FIG. 14 shows an exemplary method of making

heads with a hairpin structure.

[0025] FIG. 15 shows different aldehyde reactive groups
for peptide modification.

[0026] FIG. 16 shows exemplary coupling chemistry for a
peptide linker.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] One of the key challenges of sequencing by syn-
thesis (SBS) is to identify a set of modified nucleotides
(dATP, dGTP, dTTP, dCTP) as reversible terminators, which
can be incorporated by polymerases efficiently and the
blocking group removed readily after incorporation. Almost
all the reported reversible terminators for SBS are modified
at the 3'-OH position of 2'-deoxynucleoside triphosphates.
However, the 3' modification of deoxynucleoside triphos-
phates inhibits the activity of most polymerases. A few 3'
modified nucleotides with small modifiers, like the allyl
group, have been shown to be accepted by polymerases that
are engineered to include mutations in their nucleotide
binding sites.

[0028] As disclosed herein, a blocking group can be
placed at an alternate position of a nucleotide, such as 2' or
4'; such that the nucleotide is efficiently incorporated but
also effectively blocks incorporation of the next nucleotide.
These blocking groups might have properties such as charge,
hydrophobicity, hydrophilicity, or size. The properties are
such that the blocking group effectively terminates the
polymerase reaction but allows sufficient recognition and
efficient incorporation of the modified nucleotide into a
nucleotide sequence by the polymerase. The blocking group
can subsequently be removed. Such modified nucleotides
are referred to herein as a 2' or 4' reversible terminator.
Exemplary 2' reversible terminators and blocking groups are
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shown in FIG. 1A. Additionally, a sulfate group can also be
used as a blocking group. Other blocking groups suitable for
a 2' or 4' reversible terminator include but are not limited to
allyl, acetal, animal and thial groups. Following incorpora-
tion of these terminators by a polymerase such as a DNA
polymerase in an SBS approach, the terminators can be
removed, for example, photolytically, chemically or enzy-
matically. The atom attached to the C2' carbon atom in FIG.
1A, or to the C4' carbon atom of a 4' reversible terminator,
does not have to be oxygen since the only requirement is that
the change induced during the deblocking step should trans-
form the incorporated terminator nucleotide into a nucleo-
tide that can be further extended. It is understood that the
exemplary blocking groups described herein as 2' blocking
groups can also be used as 4' blocking groups for a 4'
reversible terminator of the invention.

[0029] As disclosed herein, a 2' blocking group can be
used as a removable group for any primer extension method
such as SBS. A particularly useful 2' blocking group is a
phosphate group, which is negatively charged and bulky
enough that it can act as a terminator. Moreover, many
potential reversible terminators can be used in an SBS
approach. There are many potential removable blocking
groups that can be selected, including but not limited to
those shown in FIG. 1A. For example, the phosphate group
can be removed completely by alkaline phosphatase in less
than 10 minutes or even less than a minute in aqueous
solution (see Example II). Thus, the phosphate group can be
removed under conditions which preserve hybridisation of
the primer to the target DNA. Such a 2' modified nucleotide
useful in SBS is shown in FIG. 1B.

[0030] In addition to the phosphate group, there are many
other potential reversible terminators which can be used in
a primer extension method. Blocking groups that can be
used as reversible terminators include, but are not limited to,
those shown in FIG. 1A. Particularly useful conditions for
removing the terminator moiety include those which pre-
serve hybridization of the primer to the target DNA. How-
ever it may also be possible to use additional methods which
require a hairpin to link the primer covalently to the target
DNA. For example, a primer can include a palindromic
sequence that allows formation of a hairpin structure. The 5'
end of the primer can be covalently attached to the 3' end of
a target nucleic acid such that formation of the hairpin
structure provides a 3' end that can be extended using the
target nucleic acid as a template. The advantage of using a
hairpin primer-target nucleic acid species is that although
some of the conditions to which the species may be exposed
result in denaturation of the primer-template hybrid, the
species can be exposed to hybridizing conditions and the
hairpin will readily reform, allowing primer extension to
proceed. An exemplary hairpin structure useful for SBS or
other primer extension methods is shown in FIG. 14.

[0031] In a particular embodiment, all four reversibly
2'-blocked ribonucleotides (ATP, GTP, CTP, UTP) contain-
ing a phosphate, or other cleavable group at the 2' position,
and a dye attached to the base will be used in each cycle of
SBS. Each nucleotide base has a unique fluorescent color
(dye) associated with it. This dye is linked to the base
through a chemically- or enzymatically-cleavable linker.
Although generally described herein using a cleavable
linker, it is understood that a cleavable linker is not required
so long as the signal from the dye attached to nucleic acid
molecule can be reduced. For example, the signal from a dye
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can be reduced by chemical quenching, thermal quenching,
photobleaching and the like. The dye can also be removed or
modified by cleaving the dye while leaving the linker intact,
so long as the detectable signal from the dye is reduced
sufficiently to allow identification of a subsequently added
dye molecule to an extended nucleic acid chain. For
example, as disclosed herein, a protease-cleavable peptide
linkage can be used. At each polymerase extension cycle,
only one nucleotide will be incorporated. A fluorescent
image is taken to determine which base has been incorpo-
rated based on the color codes. In a particularly useful
embodiment, the dye molecules can be cleaved by a protease
through a peptide bond, and the phosphate group can be
subsequently removed using a phosphatase such as alkaline
phosphatase. If desired, the cleavage reaction to remove the
dye and the reaction to remove the blocking group can be
carried out at the same time. This is particularly useful if
both reactions are enzymatic reactions and can be carried out
in the same buffer, for example, when using peptide cleav-
age and phosphatase cleavage for removing the dye and
blocking group, respectively. Once the dye and blocking
groups are removed, a new SBS cycle starts again.

[0032] At least three properties of the blocked ribonucle-
otides favor increased read length for the SBS process,
including 1) they can be incorporated by polymerase
enzyme efficiently with great fidelity; 2) the blocking group
is able to sufficiently block the next nucleotide’s incorpo-
ration; 3) the blocking group can be readily removed under
mild conditions. Particularly useful mild conditions for
removing the blocking group include in an aqueous solution
at room temperature. In general, mild conditions are those
that do not adversely affect the reagents used in the sequenc-
ing methods or products produced by the methods. Mild
conditions also include those that can be readily altered to
achieve conditions desired for subsequent steps of a
sequencing method. Almost all the previously reported
reversible terminators are 3' modified, where a blocking
group is added onto the 3'-OH group. A disadvantage of 3'
modification can be that enzyme activity is often inhibited
by the blocking group. Mutations to the polymerase often
allow for incorporation, but to date, incorporation of 3'
modified nucleotides by these modified enzymes does not
exhibit the efficiency or fidelity of natural polymerases with
natural nucleotides.

[0033] As disclosed herein, a reversible blocking group
occurs at the 2' or 4' position on the sugar ring. These
positions are close to the 3'-hydroxyl group but allow for
improved binding to the polymerase since polymerases have
strict requirements for the 3'-OH binding pocket. Locked
nucleic acid (LNA) nucleotides that are 2'- and 4'-blocked
are also useful. It is possible that polymerases can be
evolved and modified for improved recognition of LNA
nucleotides, if desired.

[0034] There are at least two reasons for using phosphate
as a blocking group for the 2'- and 4'-positions; 1) initial
studies using 3' phosphate modified nucleotides showed that
the negatively charged phosphate group was too bulky to be
incorporated by all 5 tested enzymes, Sequenase™ (USB),
Klenow, Therminator™ (New England Biolabs), KlenTher-
mase (GeneCraft, Germany), Therminator 2 (New England
Biolabs); and 2) the phosphate group can be quantitively
removed using alkaline phosphatase in less than a minute in
aqueous buffer at room temperature.
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[0035] PCT publication WO 2005/005667 describes using
a 2' modified nucleotide as terminator in a method similar to
the Sanger sequencing approach. In the reference, it was
claimed that the 2' modified nucleotide could be incorpo-
rated by enzymes. Thus, use of a 2' reversible terminator for
SBS methods will provide an advantage of a nucleotide that
can readily be incorporated into a growing nucleic acid in
such a way that a single position is added between steps to
remove 2' blocking groups.

[0036] The present invention also relates to methods for
sequencing by synthesis (SBS) using an enzymatically
cleavable linker. This invention suggests a new way for the
fluorescent dye removal in the DNA sequencing by synthesis
approach (FIG. 2A). An enzymatically cleavable linker
group is introduced between a dye residue and nucleobase in
nucleoside triphosphates (FIG. 2B). As disclosed herein, a
peptide sequence containing as few as four amino acid
residues can be used as a linker between a dye residue and
nucleobase in nucleoside triphosphates and can be cleaved
efficiently by subtilisin A, chymotrypsin, or proteinase K
proteases (see Examples). The peptide linked nucleosides
can also be incorporated by polymerases.

[0037] Exemplary peptide linker dNTPs are shown in FIG.
2B. FIG. 2 shows the scheme for sequencing by synthesis
(SBS) using nucleotides with enzymatically cleavable link-
ers. A schematic drawing of an SBS method is shown in FIG.
2A. FIG. 2B shows a proposed structure of a nucleotide
having an enzymatically cleavable linker. The nucleotide
contains a removable group at the 3' position and the dye
linked to the nucleotide via a peptide that is cleavable by a
protease. However, as disclosed herein, the removable group
can be placed at the 2' or 4' position to generate a 2' or 4'
reversible terminator, if desired. In order to demonstrate the
concept, 10 of the best peptides are selected from over 1000
protease peptide substrates, and these peptides can be
cleaved efficiently by very inexpensive commercial protease
enzymes, such as subtilisin A, chymotrypsin, or proteinase
K proteases (see Example III and FIG. 3). A sequencing
method can also be performed with nucleotides having a
peptide linker but without a blocking group, as disclosed
herein.

[0038] As disclosed herein, among the 10 peptide
sequences, one peptide was selected for further optimization
to reduce peptide length (see Example III). One model
peptide containing 4 amino acids is selected to link the
nucleoside and a fifth amino acid residue to which a dye
molecule is attached (see Example I1I and FIG. 4).

[0039] Example IV and FIG. 6 show one example of
synthesizing peptide linked dNTPs, FIG. 7 shows the HPLC
profiles of aldehyde modified dUTP and FAM-labeled pep-
tide linked dUTP.

[0040] The FAM-labeled peptide linked dUTP was tested
based on incorporation using commercially available poly-
merase in both solution and on BeadArray™ (see Example
IV and FIGS. 8 and 9). The results disclosed herein show
that 1) the peptide linked dUTP can be incorporated onto
primers with specificity; and 2) after the incorporation, the
dye molecule can be removed by enzymatic peptide cleav-
age.

[0041] As disclosed, herein, a variety of fluorophores can
be linked to a cleavable peptide linker (see Example IV).
Through the peptide linker, different nucleosides can be
attached to different dye molecules. FIGS. 10 and 11 show
4-color Bodipy dyes attached dNTPs and their possible
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emission spectra. FIGS. 12 and 13 show a different set of
4-color dNTPs and their emission spectra.

[0042] One aspect of the present invention relates to the
recognition that an aqueous enzymatic cleavage method of
removing dye molecules would be much more compatible
with primer/DNA hybridization conditions than many exist-
ing methods, for example, those using high temperature
cleavable linkers. Also, the methods can be carried out
without the need for additional expensive equipment, for
example, high powered lasers which are typically used for
photo-cleavage of photo-cleavable linkers.

[0043] In one embodiment, the invention provides a
nucleoside or nucleotide molecule, comprising a label linked
to the molecule by an enzymatically cleavable peptide
linker. The label can be linked, for example, to the base of
nucleoside or nucleotide molecule.

[0044] As used herein, a “nucleoside” refers to a nucleic
acid component that comprises a base or basic group, for
example, comprising at least one homocyclic ring, at least
one heterocyclic ring, at least one aryl group, and/or the like,
covalently linked to a sugar moiety such as a ribose sugar,
a derivative of a sugar moiety, or a functional equivalent of
a sugar moiety, for example, an analog, such as carbocyclic
ring. For example, when a nucleoside includes a sugar
moiety, the base is typically linked to a 1'-position of that
sugar moiety. A base can be naturally occurring, for
example, a purine base, such as adenine (A) or guanine (G),
a pyrimidine base, such as thymine (1), cytosine (C), or
uracil (U)), or can be non-naturally occurring, for example,
a 7-deazapurine base, a pyrazole[3,4-d]pyrimidine base, a
propynyl-dN base, or other analogs or derivatives as dis-
closed herein or are well known in the art. Exemplary
nucleosides include ribonucleotides, deoxyribonucleosides,
dideoxyribonucleosides, carbocyclic nucleosides, and the
like. Other examples of nucleotides include those having
analog structures set forth herein in regard to oligonucle-
otide primers.

[0045] A “nucleotide” refers to an ester of a nucleoside,
for example, a phosphate ester of a nucleoside. For example,
a nucleotide can include 1, 2, 3, or more phosphate groups
covalently linked to a 5' position of a sugar moiety of the
nucleoside. As used herein, an “extendible nucleotide” refers
to a nucleotide to which at least one other nucleotide can be
added or covalently bonded, for example, in a reaction
catalysed by a nucleotide incorporating catalyst once the
extendible nucleotide is incorporated into a nucleotide poly-
mer. Examples of extendible nucleotides include deoxyri-
bonucleotides and ribonucleotides. An extendible nucleotide
is typically extended by adding another nucleotide at a
3-position of the sugar moiety of the extendible nucleotide.
A nucleotide can be a triphosphate form (NTP) such as a
deoxyribonucleotide triphosphate (dNTP), dideoxyribo-
nucleotide triphosphate (ddNTP) or ribonucleotide diphos-
phate (f{NTP). Other examples of nucleotides include those
having analog structures set forth herein in regard to oligo-
nucleotide primers.

[0046] In another embodiment, the nucleoside or nucleo-
tide molecule can further comprise a blocking group. As
used herein, a “blocking group” refers to a chemical group
which, when attached to a nucleotide, inhibits further exten-
sion of a nucleic acid when the nucleotide is incorporated
into the nucleic acid. The chemical group can inhibit exten-
sion by a nucleotide incorporating catalyst such as a poly-
merase, ligase, terminal transferase reverse transcriptase,
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polynucleotide phosphorylase, telomerase, or the like. Typi-
cally, the blocking group prevents attachment of the 3'
hydroxyl to the 5' phosphate of another nucleotide. The
presence of such a blocking group in a nucleotide can be
referred to herein as a “terminator” since the extension
reaction by the nucleotide incorporating catalyst is inhibited,
that is, terminated. A terminator can also be referred to
herein as a “non-extendible” nucleotide since, upon incor-
poration into a nucleic acid, it prevents further extension of
the nucleic acid, for example, by at least one nucleotide
incorporating catalyst.

[0047] As disclosed herein, a blocking group can be
removable. As used herein, a “removable” blocking group
refers to a chemical group that can be removed from the
nucleotide such that a nucleotide incorporating catalyst can
extend the nucleic acid by the incorporation of at least one
additional nucleotide, examples of which include an extend-
ible nucleotide or a non-extendible nucleotide such as a
terminator containing either a removable or non-removable
blocking group. Such a blocking group can therefore be
removed from the terminator incorporated into a nucleic
acid such that the nucleic acid containing the terminator
remains intact other than the removal of the blocking group.
A nucleotide containing a removable blocking group is also
referred to herein as a “reversible terminator.” Thus, in order
for the nucleic acid to become extendible, the reversible
terminator would remain linked to the nucleic acid through
a phosphate bond or other bond that links the nucleotides of
the nucleic acid and reveals a group such as an hydroxyl
group to which another nucleotide can be added to extend
the nucleic acid. Such conditions can include enzymatic or
chemical cleavage. Particularly useful conditions for remov-
ing a blocking group include those under which a nucleic
acid can remain hybridized to an at least partially comple-
mentary nucleic acid sequence. It is understood that removal
of a blocking group can leave an hydroxyl or other chemical
moiety at the position where the blocking group was
attached. Thus, removal of blocking group does not require
that all of the blocking group be removed, only that a
sufficient portion of the blocking group be removed such that
a nucleotide incorporating catalyst can extend the nucleic
acid by the incorporation of at least one additional nucleo-
tide.

[0048] Exemplary removable blocking groups are
described herein. Such removable blocking groups include,
hut are not limited to, those shown in FIG. 1A. For example,
a sulfate group can also be used as a blocking group.
Blocking groups include, but are not limited to, allyl, acetal,
animal and thial groups. Additional removable blocking
groups have been described in WO 91/06678, which is
incorporated herein by reference. Blocking groups are also
described, tor example, in WO 2005/005667, which is
incorporated herein by reference.

[0049] Methods for synthesizing nucleosides or nucleo-
tides containing a blocking group are well known to those
skilled in the art and are described herein (see Example I).
Synthesis of nucleosides or nucleotides containing blocking
groups have also been described, for example, in WO91/
06678; U.S. publication 2005/037991; WO 2005/005667,
WO 2004/018497; U.S. Pat. No. 7,057,026, Metzker et al.,
Nucl. Acids Res. 22:4259-4267 (1994); Canard and Sarfati,
Gene 148:1-6 (1994); Meng et al., J. Org. Chem. 14:3248-
3252 (2006); Lu and Burgess, Bioorgan. Med. Chem. Lett.
16:3902-3905 (2006), each of which is incorporated herein
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by reference. Exemplary blocking groups and conditions for
removing the blocking groups are listed in Table 1.

TABLE 1

Exemplary Blocking Groups®.

Blocking Group Reference Removal Conditions
—CH,—CH—CH, WO 91/06678 Pd, heat
—CH,—Nj; WO water-soluble
2004/018497 phosphine
—CH,—S—S—tBu DIT
—CH,—S—Me acid
—CH,—0O—CH,—CH,—CN 1M TBAF/THF
—CH,—CH,—CN 1M TBAF/THF
—C(0O)—CHj; Metzker 1994, lipase
WO 91/06678
—CH; Metzker 1994,
WO 91/06678
2-nitrobenzyl Metzker 1994
tetrahdyropyran Metzker 1994 acid

4-nitrobenzoyl Metzker 1994

2-aminobenzoyl Metzker 1994, 0.1M NaOH,
Canard 1994 proteinase K

—C(O)-linker-dye Canard 1994, 0.1M NaOH,
WO 91/06678 proteinase K

2-nitrobenzyl-linker-dye Burgess 2006 light

—C(0)—O—CH,—CH—CH- Burgess 2006 Pd, heat

linker-dye

—NH—C(O)—CHj,4 WO 91/06678 Penicillin G acylase

—F WO 91/06678

—NH, WO 91/06678

Phosphate WO 91/06678 phosphatase

Sulfate Sulfatase

! Abbreviations: Ph, phenyl; Bu, butyl; DTT, dithiothreitol; TBAF, tetra-n-butylammonium
fluoride; THE, tetrahydrofuran;

[0050] Additional exemplary removable blocking groups
have been described in WO 91/06678, which is incorporated
herein by reference. Although, generally described therein as
3' blocking groups, it is understood, as disclosed herein, that
such blocking groups can be used on the 2', 3' or 4' positions,
as desired. Particularly useful blocking groups are esters and
ethers. Other blocking groups include, for example, —F,
—NH,, —OCH,, —N,, —0OPO,, —NHCOCH,, 2-ni-
trobenzene carbonate, 2,4-dinitrobenzene sulfenyl and tet-
rahydrofuranyl ether. As described in WO 91/06678, incor-
poration and chain termination have been demonstrated with
many of these blocking groups (Kraveskii et al., Molecular
Biology 21:25-29 (1987), which is incorporated herein by
reference).

[0051] Particularly useful blocking groups are esters such
as lower (1-4 carbon) alkanoic acid and substituted lower
alkanoic acid esters, for example formyl, acetyl, isopro-
panoyl, alpha fluoro- and alpha chloroacetyl esters and the
like; either blocking groups, such as alkyl ethers; phosphate
blocking groups; carbonate blocking groups such as 2-ni-
trobenzyl; 2,4-dinitrobenzene-sulfenyl and tetrahydrothio-
furanyl ether blocking groups. Blocking groups can be
modified to incorporate reporter moieties, if desired, includ-
ing radiolabels (tritium, C** or P2, for example), enzymes,
fluorophores and chromophores, if desired. In addition
enzymes can be used to remove ester linked groups. For
example phosphate groups can be removed with a phos-
phatase and acetyl groups can be removed with esterases.
[0052] As described in WO 91/06678, esters and phos-
phate, can be incorporated into nucleosides or nucleotides as
described below. For example, 5'-dimethoxytrityl (DMT)
thymidine can be prepared from thymidine by reaction with
DMT chloride in pyridine, followed by acetylation of the
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3'-OH function using acetic anhydride in pyridine (Zhdanov
and Zhenodarova, Synthesis 1975:222-245 (1975), which is
incorporated herein by reference). The 5'-DMT group is
treated with benzene-sulfonic acid and converted into the
phosphomonoester by reaction with POCI; in trimethyl
phosphate (Papchikhin et al., Bioorganic Chemistry 11:716-
727(1985), which is incorporated herein by reference) and
by purification using chromatography. The 5'-monophos-
phate is converted into the 5'-triphosphate by activation with
N, N'-carbonyldiimidazole, followed by pyrophosphory-
lation with tri(n-butylammonium) pyrophosphate (Pap-
chikhin et al., supra, 1985) and purification by chromatog-
raphy.

[0053] Preparation of —O-acetyl derivatives of ATP, CTP,
and GTP follows the same general scheme, with additional
steps to protect and deprotect the primary amino functions.
Because 5'-triphosphate, derivatives of nucleosides are often
unstable, the final preparative steps outlined above can be
optionally carried out just before introducing the nucleoside
or nucleotide into the reaction vessel. If radiolabeled acetic
anhydride is used, this serves to introduce a label into the
ester blocking group.

[0054] When carrying out ester-blocking of an hydroxyl
group, the primary amino residues in cytosine, adenine, and
guanine are also susceptible to attack by electrophilic
reagents such as acetic anhydride and can be advantageously
protected. In chemical oligonucleotide synthesis (phospho-
triester phosphoramidite approaches), various N-acyl groups
are commonly used for protection of the primary amine
(Papchikhin et al., supra, 1985). Because the N-acyls are
stable in acidic and neutral solutions, removal is typically
effected by ammonolysis. These conditions are likely to
cleave 3'-O-acyl blocking groups and other blocking groups
hydrolyzable under basic conditions, so alternative protec-
tion can be used if it is desired to selectively remove the
amino group protection. Several selectively-removable
amine protection groups include carbamates cleavable by
acid hydrolysis (t-butyl, 2-(biphenyl) isopropyl) and certain
amides susceptible to acid cleavage (formamide, trichloro-
acetamide) (Greene Protective Groups in Organic Synthesis,
John Wiley and Sons, Inc., New York, N.Y. (1981), which is
incorporated herein by reference).

[0055] As described In WO 91/06678, monophosphate
blocking groups on NTPs can be synthesized by a modifi-
cation of procedures for chemical oligonucleotide synthesis
using the H-phosphonate method (Froehler et al., Nucleic
Acids Research 14:5399-5407 (1986), which is incorporated
herein by reference). 5' -DMT-3'-thymidine H-phosphonate
can be prepared by reaction of 5'-DMT thymidine with
phosphorous trichloride, 1, 2, 4-triazole, and N-methylmor-
pholine. Removal of the 5'-protecting group and formation
of the 5'-triphosphate moiety can be performed as described
in WO 91/06678. The phosphonate is converted to the
monophosphate by oxidation with iodine in basic solution.
[0056] For other nucleotide derivatives, protection of the
primary amino groups is performed prior to phosphonation.
In this preparation, standard amino protecting groups cleav-
able by ammonolysis can be used.

[0057] Deblocking methods are also described in WO
91/06678. For example, removal of ester blocking groups
can be achieved by base hydrolysis. Generally, the greater
the electro-negativity of substituents on the carbonyl carbon,
the greater the ease of removal. For example, the highly
electronegative group trifluoroacetate can be cleaved rapidly
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from 3' hydroxyls in methanol at pH 7 and thus would not
be stable during coupling at that pH. Phenoxyacetate groups
are cleaved in less than one minute but require substantially
higher pH such as is achieved with NH;/methanol (Reese
and Steward, Tetrahedron Letters 40:4273-4276 (1968),
which is incorporated herein by reference). To prevent
significant premature deblocking and nucleic acid degrada-
tion, the ester deblocking rate can be advantageously
selected so as to exhibit a different deblocking rate during
the incorporation than during the deblocking stage. This rate
change can be achieved, for example, by changing the buffer
pH from 7 to about 10.

[0058] A wide variety of hydroxyl blocking groups are
cleaved selectively using chemical procedures other than
base hydrolysis. 2,4-Dinitrobenzenesulfenyl groups can be
cleaved rapidly by treatment with nucleophiles such as
thiophenol and thiosulfate (Letsinger et al., J. Organic
Chemistry 29:2615-2618 (1964), which is incorporated
herein by reference). Allyl ethers can be cleaved by treat-
ment with Hg(I) in acetone/water (Gigg and Warren, J.
Chemical Society C14:1903-1911 (1968), which is incorpo-
rated herein by reference). Tetrahydrothiofuranyl ethers can
be removed under neutral conditions using Ag(I) or Hg(II)
(Cohen and Steele, J. Organic Chemistry 31:2333(1966);
Cruse et al., J. Organic Chemistry 43:3548-3553 (1978),
each of which is incorporated herein by reference). These
protecting groups, which are stable to the conditions used in
the synthesis of NTP analogues and in the sequence incor-
poration steps, have some advantages over groups cleavable
by base hydrolysis because deblocking occurs only when the
specific deblocking reagent is present and premature
deblocking during incorporation is minimised.

[0059] Photochemical deblocking can be used with pho-
tochemically-cleavable blocking groups. Several blocking
groups are available for such an approach. As described in
WO 91/06678, the use of o-nitrobenylethers as protecting
groups for 2'-hydroxyl functions of ribonucleosides is
known (Ohtsuka et al., J. American Chemical Society 100:
8210-8213 (1978), which is incorporated herein by refer-
ence); removal occurs by irradiation at 260 nm. Alkyl
o-nitrobenzyl carbonate protecting groups are also cleaved
by irradiation at pH 7 (Cama and Christensen, J. American
Chemical Society 100:8006 (1978), which is incorporated
herein by reference).

[0060] Enzymatic deblocking of blocking groups is also
possible. As described in WO 91/06678, it has been dem-
onstrated that T4 polynucleotide kinase can convert 3'-phos-
phate termini to 3'-hydroxyl termini that can then serve as
primers for DNA polymerase 1 (Henner et al., J. Biological
Chemistry 258:151198-15205 (1983), which is incorporated
herein by reference). Other enzymatic methods for removal
of blocking groups are described herein.

[0061] As described in WO 91/06678, additional modifi-
cations can be included to improve the efficiency and speed
of each step. Upon selection of the optimal methodology for
incorporation and deblocking, other nonchemical assistance
can be used to accelerate chemical deblocking. These meth-
ods include, for example, applying controlled ultrasonic
irradiation of the reaction chamber to increase the rate of the
deblocking step if mass transport limitations are significant
and raising the reaction temperature up to about 50° C. for
a short period.

[0062] It is understood that any of a variety of suitable
conditions can be used to remove a blocking group, includ-
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ing enzymatic, chemical or photolytic removal. Enzymatic
removal is particularly useful when using a peptide linker
that is cleavable by a protease since the enzymatic removal
of'the label by cleavage of the peptide linker and removal of
the blocking group can be carried out sequentially or simul-
taneously in aqueous solution. Conditions for chemically
removing a blocking group are carried out under conditions
that permit subsequent steps to be performed. For example,
the chemistry would either not affect other chemical groups
on the nucleoside or nucleotide or incorporate blocking
groups that prevent modification of other groups during the
deblocking reaction. If the reaction is a sequencing by
synthesis method involving a hybridization reaction, it is
particularly useful if the deblocking steps are performed
such that the extending nucleic acid remains hybridized to
its template nucleic acid.

[0063] The blocking group can be attached at the 2', 3' or
4' position of the sugar moiety of the nucleoside or nucleo-
tide molecule, in particular on a ribose sugar of the nucleo-
side or nucleotide. Exemplary removable blocking groups
include, but are not limited to those shown in FIG. 1A.
[0064] The label on such a nucleoside or nucleotide mol-
ecule can be a ligand or dye, including, for example, a
fluorescent dye such as FAM, Bodipy, TAMRA or Alexa.
Other exemplary label and dye molecules are disclosed
herein.

[0065] As disclosed herein, a linker can be cleaved by a
protease (see Example III and IV). Exemplary proteases
include, but are not limited to, proteinase K, trypsin, chy-
motrypsin, subtilisin or V8 protease, or other proteases
disclosed herein.

[0066] In another embodiment, the invention provides a
nucleoside or nucleotide molecule comprising a removable
blocking group at the 2' or 4' position of the sugar moiety of
the molecule, with the proviso that the removable blocking
group is not a phosphate group at the 2' position. Exemplary
removable blocking groups include those shown in FIG. 1A.
Such a molecule can further contain a label such as a dye,
for example, a fluorescent dye, or a ligand. However, a
nucleoside or nucleotide having a removable blocking group
need not include a label.

[0067] The compositions of the invention are particularly
useful for sequencing nucleic acid molecules, in particular
nucleoside triphosphates that contain removable blocking
group. Such nucleoside triphosphates are referred to herein
as reversible terminator-nucleoside triphosphates.

[0068] In another embodiment, the invention provides a
method for sequencing a nucleic acid molecule. The method
can include the steps of incubating a nucleic acid molecule
with a polymerase in the presence of a reversible terminator
nucleoside triphosphate (RT-NTP) comprising a removable
blocking group and a label linked to the RX-NTP by an
enzymatically cleavable peptide linker, wherein a primer is
extended to incorporate the RT-NTP into a sequence
complementary to the nucleic acid molecule; and identifying
the RT-NTP in the complementary sequence, wherein iden-
tifying the RT-NTP identifies at least a portion of the
sequence of the nucleic acid molecule. Such a method can
further include the step of removing the removable blocking
group from the RT-NTP in the sequence complementary to
the nucleic acid molecule. In addition, such a method can
further include cleaving the cleavable linker to remove the
label from the RT-NTP in the sequence complementary to
the nucleic acid molecule. If desired, the removing and
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cleaving steps can be carried out in the same reaction. This
is particularly useful when both the removing and cleaving
steps are carried out enzymatically and the enzymes are
active in the same buffer conditions.

[0069] In a method for sequencing a nucleic acid mol-
ecule, a second RT-NTP can be added and incubated as
described herein, where the complementary sequence is
extended and the second RT-NTP is incorporated into the
sequence complementary to the nucleic acid molecule. Thus,
a second round of incorporation of an RT-NTP can be
performed. Additionally, the second RT-NTP can be identi-
fied, for example, by detecting a label such as a ligand or
dye, such that at least a portion of the sequence of the nucleic
acid molecule is identified. Similarly, the removing and
cleaving steps can be repeated. If desired, the steps of
incubating, identifying, removing and cleaving can be
repeated any number of desired times such that at least a
portion of the sequence of the nucleic acid molecule is
determined.

[0070] The compositions and methods of the invention
can be used in a sequencing by synthesis method such that
a desired length of sequence information can be determined
for a target nucleic acid molecule. In one embodiment, two
or more different RT-NTPs are added to the incubation
reaction, where each of the different RT-NTPs comprises a
different base and a different label. In a particularly useful
embodiment, four different RT-NTPs are added, where a
different label is associated with each of four different bases.
By having a different label associated with each of the four
bases (see Example IV), each of the bases can be readily
identified, including if added together. For example, the
label can be a dye, for example, a fluorescent dye. Exem-
plary fluorescent dyes include FAM, Bodipy, TAMRA and
Alexa, and others as disclosed herein.

[0071] In a particular embodiment, the removable block-
ing group can be removed by incubation with a phosphatase,
for example, a phosphate blocking group (see Example II).
Blocking groups can be removed enzymatically, chemically
or photlytically, as disclosed herein.

[0072] In the case of a nucleoside or nucleotide containing
a label linked by an enzymatically cleavable linker, the label
can be removed by cleavage of the cleavable linker with a
protease. In particular, a protease can be conveniently used
with a peptide linker containing a protease cleavage site, as
disclosed herein.

[0073] In yet another embodiment, the invention provides
a method for sequencing a nucleic acid molecule. Such a
method can include the steps of incubating a nucleic acid
molecule with a polymerase in the presence of a nucleoside
triphosphate (NTP) comprising a label linked to the NTP by
an enzymatically cleavable peptide linker, wherein a primer
is extended to incorporate the NTP into a sequence comple-
mentary to the nucleic acid molecule; and identifying the
NTP in the complementary sequence, wherein identifying
the NTP identifies at least a portion of the sequence of the
nucleic acid molecule. Such a method can further include the
step of cleaving the cleavable linker to remove the label
from the N'TP in the sequence complementary to the nucleic
acid molecule.

[0074] Inamethod of sequencing a nucleic acid molecules
second NTP comprising a label linked to the NTP by an
enzymatically cleavable peptide linker can be added and the
incubation step repeated, wherein the complementary
sequence is extended and the second NTP is incorporated
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into the sequence complementary to the nucleic acid mol-
ecule. Similarly, the identification step can be repeated,
wherein identifying the second NTP identities at least a
portion of the sequence of the nucleic acid molecule. In
addition, the cleaving step can be repeated such that the label
from the second NTP is removed. Furthermore, the incu-
bating, identifying and cleaving steps can be repeated a
desired number of times such that at least a portion of the
sequence of the nucleic acid molecule is determined. If
desired in a sequencing method, four different NTPs can be
added, wherein a different label is associated with each of
four different bases.

[0075] If desired, the label can be removed by cleavage of
the cleavable linker with a protease, in particular a peptide
linker. As disclosed herein, any of a number of peptide
linkers and corresponding proteases can be used.

[0076] In a particular embodiment, the label can be a
ligand or dye, for example, a fluorescent dye. Exemplary
fluorescent dyes include a fluorophore selected from FAM,
Bodipy, TAMRA and Alexa, as well as other dyes disclosed
herein.

[0077] Instill another embodiment, the invention provides
a method for sequencing a nucleic acid molecule. The
method can include the steps of incubating a nucleic acid
molecule with a polymerase in the presence of an RT-NTP
comprising a removable blocking group at the 2' or 4'
position of the sugar moiety of the molecule, wherein a
primer is extended to incorporate the RT-NTP into a
sequence complementary to the nucleic acid molecule; and
identifying the RT-NTP in the complementary sequence,
wherein identifying the RT-NTP identifies at least a portion
of'the sequence of the nucleic acid molecule. Such a method
of sequencing a nucleic acid molecule can further include
the step of removing the removable blocking group from the
RT-NTP in the sequence complementary to the nucleic acid
molecule.

[0078] A method of sequencing a nucleic acid molecule
can further include adding a second RT-NTP and repeating
the incubation step, wherein the complementary sequence is
extended and the second RT-NTP is incorporated into the
sequence complementary to the nucleic acid molecule. Such
a method can further include repeating the identifying step,
wherein identifying the second RT-NTP identifies at least a
portion of the sequence of the nucleic acid molecule. The
method can further include repeating the removing step such
that the complementary sequence can be further extended.
The steps of adding RT-NTPs and repeating the incubating,
identifying and removing steps can be performed one or
more times, or any desired number of times, such that at
least a portion of the sequence of the nucleic acid molecule
is determined. If desired, two or more different RT-NTPs can
be added to the incubation reaction, where each of the
different RT-NTPs contains a different base and a different
dye. In a particularly useful embodiment, four different
RT-NTPs can be added, where a different dye is associated
with each of the four different bases.

[0079] The removable blocking group can be removed by
incubation with a phosphatase, in particular when the block-
ing group is a phosphate group. As disclosed herein, any of
a number of methods for removing a blocking group can be
employed, including enzymatic, chemical and photolytic,
depending on the type of blocking group.

[0080] In embodiments where the sequence of a nucleic
acid molecule is to be determined, cycles, such as those
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exemplified above and elsewhere herein can be repeated.
Each cycle can include any number of steps for determining
the identity of a nucleotide at a particular sequence location.
For example, in embodiments utilizing nucleotides having a
reversible blocking group and an enzymatically cleavable
label each cycle can include the steps of adding such a
nucleotide to a primer, detecting the label on the primer,
removing the label and removing the blocking group.
Optionally, steps of removing a label or removing a blocking
group can be omitted, for example, when the nucleotides
used do not include a removable label or removable block-
ing group, respectively. Cycles can be repeated to determine
a sequence present in a template to which the primer is
hybridized. The number of cycles performed in a sequencing
method can be at least 10, 25, 50, 75, 100, 150, 200, 250 or
more. Cycles can be repeated until a predetermined length of
sequence has been determined including, for example, until
a sequence length of at most 25, 50, 75, 100, 150, 200, 250
or 500 nucleotides has been determined. The above-de-
scribed ranges are merely exemplary and are not intended to
limit the use of the methods. It will be understood that any
number of cycles can be performed as desired, for example,
within a perceived or accepted limit of detection for the
embodiment employed.

[0081] Another embodiment of the invention provides a
method for extending a primer nucleic acid. The method can
include the steps of incubating a template nucleic acid
molecule with a nucleotide incorporating catalyst, a primer
nucleic acid molecule and a nucleotide molecule comprising
a label linked to the nucleotide molecule by an enzymati-
cally cleavable peptide linker, whereby the catalyst extends
the primer nucleic acid to produce an extended primer
nucleic acid molecule incorporating the nucleotide mol-
ecule.

[0082] Inamethod for extending a primer nucleic acid, the
nucleotide molecule can further contain a blocking group,
for example, a removable blocking group. The blocking
group can be enzymatically removable. The method can
further include the step of removing the label and the
blocking group from the nucleotide using enzymes. In a
particular embodiment, the label and the blocking group can
be removed using different enzymes contacted with the
nucleotide in the same or a sequential reaction.

[0083] A nucleotide incorporating catalyst can be selected,
for example, from a polymerase, a terminal transferase, a
reverse transcriptase, a polynucleotide phosphorylase and a
telomerase. A method for extending a primer nucleic acid
can further include the step of incubating with one or more
extendible nucleotides. The blocking group is generally
attached at the 2', 3' or 4' position of the sugar moiety of the
molecule. A removable blocking group can be selected, for
example, from those shown in FIG. 1A or others disclosed
herein or well known in the art.

[0084] In one embodiment of a method for extending a
primer nucleic acid, the nucleotide molecule can contain a
label. The label can be, for example, a ligand or a dye. For
example, the dye can be a fluorescent dye such as a
fluorophore selected from FAM, Bodipy, TAMRA and Alexa
or others as disclosed herein. The linker, in particular a
peptide linker, can be cleaved by a protease. The protease
can be, for example, proteinase K, trypsin, chymotrypsin,
subtilisin and V8 protease, or other proteases as disclosed
herein and well known in the art.
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[0085] In yet another embodiment, the invention provides
a method of ligating two nucleic acid molecules by incu-
bating first and second nucleic acid molecules in the pres-
ence of a ligase, wherein at least one of the first and second
nucleic acid molecules comprises on the 3' end a nucleoside
comprising a removable blocking group. The removable
blocking group is generally attached at the 2', 3' or 4'
position of the sugar moiety of the nucleoside comprising a
removable blocking group. The nucleoside comprising a
removable blocking group can further comprise a label
linked by an enzymatically cleavable peptide linker.
[0086] Ina method of ligating two nucleic acid molecules,
the nucleotide molecule can further contain a blocking
group, for example, a removable blocking group. The block-
ing group can be enzymatically removable. The method can
further include the step of removing the label and the
blocking group from the nucleotide using enzymes. In a
particular embodiment, the label and the blocking group can
be removed using different enzymes contacted with the
nucleotide in the same or a sequential reaction.

[0087] Ina method of ligating two nucleic acid molecules,
a label can be linked to the base of the nucleoside containing
a blocking group. The blocking group is generally attached
at the 2', 3' or 4' position of the sugar moiety of the
nucleoside containing a blocking group. The removable
blocking group can be selected from those shown in FIG. 1A
or other removable blocking groups, as disclosed herein.
[0088] The label on the nucleoside can be a ligand or dye,
for example, a fluorescent dye. The fluorescent dye can be
a fluorophore selected from FAM, Bodipy, TAMRA and
Alexa or others, as disclosed herein.

[0089] The linker on the nucleoside can be cleaved by a
protease, particularly a peptide linker. The protease can be
selected from proteinase K, trypsin, chymotrypsin, subtilisin
and V8 protease, or others, as disclosed herein.

[0090] A nucleic acid sample that is amplified, sequenced
or otherwise manipulated in a method disclosed herein can
be, for example, DNA or RNA. Exemplary DNA species
include, but are not limited to, genomic DNA (gDMA),
mitochondrial DNA, and copy DNA (¢cDNA). One non-
limiting example of a subset of genomic DNA is one
particular chromosome or one region of a particular chro-
mosome. Exemplary RNA species include, without limita-
tion, messenger RNA (mRNA), transfer RNA (tRNA), or
ribosomal RNA (rRNA). Further species of DNA or RNA
include fragments or portions of the species listed above or
amplified products derived from these species, fragments
thereof or portions thereof. The methods described herein
are applicable to the above species encompassing all or part
of the complement present in a cell. For example, using
methods described herein the sequence of a substantially
complete genome can be determined or the sequence of a
substantially complete mRNA or cDNA complement of a
cell can be determined.

[0091] In general, an amplification method used in the
invention can be carried out using at least one primer nucleic
acid that hybridizes to a template nucleic acid to form a
hybridization complex, nucleoside triphosphates (NTPs)
and a polymerase which modifies the primer by reacting the
NTPs with the 3' hydroxyl of the primer, thereby replicating
at least a portion of the template. For example, PCR based
methods generally utilize a DNA template, two primers,
dNTPs and a DNA polymerase. A primer or NTP used in an
amplification method can have a reversible blocking group
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on a 2', 3' or 4' hydroxyl, a peptide linked label or a
combination thereof. Other amplification methods that can
benefit from use of such a primer or NTP include those set
forth elsewhere herein, for example, in the context of
preparing templates for sequencing and other analytical
methods.

[0092] A primer used in a method of the invention can
have any of a variety of compositions or sizes, so long as it
has the ability to hybridize to a template nucleic acid with
sequence specificity and can participate in replication of the
template. For example, a primer can be a nucleic acid having
a native structure or an analog thereof. A nucleic acid with
a native structure generally has a backbone containing
phosphodiester bonds and can be, for example, deoxyribo-
nucleic acid or ribonucleic acid. An analog structure can
have an alternate backbone including, without limitation,
phosphoramide (see, for example, Beaucage et al., Tetrahe-
dron 49(10):1925 (1993) and references therein; Letsinger,
J. Org. Chem. 35:3800 (1970); Sprinzl et al., Eur. J. Bio-
chem. 81:579 (1977); Letsinger et al., Nucl. Acids Res.
14:3487 (1986); Sawai et al., Chem. Lett. 805 (1984),
Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); and
Pauwels et al., Chemica Scripta 26:141 91986)), phospho-
rothioate (see, for example, Mag et al., Nucleic Acids Res.
19:1437 (1991); and U.S. Pat. No. 5,644,048), phosphoro-
dithioate (see, for example, Briu et al., J. Am. Chem. Soc. 11
1:2321 (1989), O-methylphophoroamidite linkages (see, for
example, Eckstein, Oligonucleotides and Analogues: A
Practical Approach, Oxtord University Press), and peptide
nucleic acid backbones and linkages (see, for example,
Egholm, J. Am. Chem. Soc. 114:1895 (1992); Meier et al.,
Chem. Int. Ed. Engl 31:1008 (1992); Nielsen, Nature,
365:566 (1993); Carlsson et al., Nature 380:207 (1996)).
Other analog structures include those with positive back-
bones (see, for example, Denpcy et al., Proc. Natl. Acad. Sci.
US4 92:6097 (1995); non-ionic backbones (see, for
example, U.S. Pat. Nos. 5,386,023, 5,637,684, 5,602,240,
5,216,141 and 4,469,863; Kiedrowshi et al., Angew. Chem.
Intl. Ed. English 30:423 (1991); Letsinger et al., J. Am.
Chem. Soc. 110:4470 (1988); Letsinger et al., Nucleoside &
Nucleotide 13:1597 (1994); Chapters 2 and 3; ASC Sym-
posium Series 580, “Carbohydrate Modifications in Anti-
sense Research”, Ed, Y. S. Sanghui and P. Dan Cook;
Mesmaeker et al., Bioorganic & Medicinal Chem. Left.
4:395 (1994); Jeffs et al., J. Biomolecular NMR 34:17
(1994); Tetrahedron Lett. 37:743 (1996)) and non-ribose
backbones, including, for example, those described in U.S.
Pat. Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7,
ASC Symposium Series 580, “Carbohydrate Modifications
in Antisense Research”, Ed. Y. S. Sanghui and P. Dan Cook.
Analog structures confining one or more carbocyclic sugars
are also useful in the methods and are described, for
example, in Jenkins et al., Chem. Soc. Rev. (1995) pp169-
176. Several other analog structures that are useful in the
invention are described in Rawls, C & E News Jun. 2, 1997
page 35. The aforementioned analog structures can be
included in a nucleoside or nucleotide that is further modi-
fied to include a reversible blocking group on a 2', 3' or 4'
hydroxyl, a peptide linked label, or a combination thereof.

[0093] A further example of a nucleic acid with an analog
structure that is useful in the invention is a peptide nucleic
acid (PNA). The backbone of a PNA is substantially non-
ionic under neutral conditions, in contrast to the highly
charged phosphodiester backbone of naturally occurring
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nucleic acids. This provides two non-limiting advantages.
First, the PNA backbone exhibits improved hybridization
kinetics. Secondly, PNAs have larger changes in the melting
temperature (Tm) for mismatched versus perfectly matched
basepairs. DNA and RNA typically exhibit a 2-4° C. drop in
Tm for an internal mismatch. With the non-ionic PNA
backbone, the drop is closer to 7-9° C. This can provide for
better sequence discrimination. Similarly, due to their non-
ionic nature, hybridization of the bases attached to these
backbones is relatively insensitive to salt concentration. A
PNA or monomer unit used to synthesize PNA can include
a base having a peptide linked label. In such cases, an
enzyme used to cleave the peptide linker will generally be
unreactive toward the PNA backbone.

[0094] A nucleic acid useful in the invention can contain
a non-natural sugar moiety in the backbone. Exemplary
sugar modifications include but are not limited to 2' modi-
fications such as addition of halogen, alkyl, substituted
alkyl, SH, SCH,, OCN, Cl, Br, CN, CF,, OCF,, SO,CHj,,
08S0,, SO, CH;, ONO,, NO,, NH,, substituted silyl, and
the like. Similar modifications can also be made at other
positions on the sugar, particularly the 3' position of the
sugar on the 3' terminal nucleotide or in 2-5' linked oligo-
nucleotides and the 5' position of 5' terminal nucleotide.
Nucleic acids, nucleoside analogs or nucleotide analogs
having sugar modifications can be further modified to
include a reversible blocking group, peptide linked label or
both. In those embodiments where the above-described 2'
modifications are present, the base can have a peptide linked
label.

[0095] A nucleic add used in the invention can also
include native or non-native bases. In this regard a native
deoxyribonucleic acid can have one or more bases selected
from the group consisting of adenine, thymine, cytosine or
guanine and a ribonucleic acid can have one or more bases
selected from the group consisting of uracil, adenine, cyto-
sine or guanine. Exemplary non-native bases that can be
included in a nucleic acid, whether having a native backbone
or analog structure, include, without limitation, inosine,
xathanine, hypoxathanine, isocytosine, isoguanine, 5-meth-
yleytosine, S5-hydroxymethyl cytosine, 2-aminoadenine,
6-methyl adenine, 6-methyl guanine, 2-propyl guanine,
2-propyl adenine, 2-thioLiracil, 2-thiothymine, 2-thiocyto-
sine, 15-halouracil, 15 -halocytosine, S5-propynyl uracil,
S-propynyl cytosine, 6-azo uracil, 6-azo cytosine, 6-azo
thymine, S-uracil, 4-thiouracil, 8-halo adenine or guanine,
8-amino adenine or guanine, 8-thiol adenine or guanine,
8-thioalkyl adenine or guanine, 8-hydroxyl adenine or gua-
nine, 5-halo substituted uracil or cytosine, 7-methylguanine,
7-methyladenine, 8-azaguanine, 8-azaadenine, 7-deazagua-
nine, 7-deazaadenine, 3-deazaguanine, 3-deazaadenine or
the like. A particular embodiment can utilise isocytosine and
isoguanine in a nucleic acid in order to reduce non-specific
hybridization, as generally described in U.S. Pat. No. 5,681,
702.

[0096] A non-native base used in a nucleic acid of the
invention can have universal base pairing activity, wherein
it is capable of base pairing with any other naturally occur-
ring base. Exemplary bases haying universal base pairing
activity include 3-nitropyrrole and S5-nitroindole. Other
bases that can be used include those that have base pairing
activity with a subset of the naturally occurring bases such
as inosine, which basepairs with cytosine, adenine or uracil.
Non-native bases can be modified to include a peptide linked
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label. The peptide can be attached to the base using methods
exemplified herein with regard to native bases. Those skilled
in the art will know or be able to determine appropriate
methods for attaching peptides based on the reactivities of
these bases. Alternatively or additionally, oligonucleotides,
nucleotides or nucleosides including the above-described
non-native bases can further include reversible blocking
groups on the 2', 3' or 4' hydroxyl of the sugar moiety.
[0097] A nucleic acid having modified or analog structure
can be used, for example, to facilitate the addition of labels,
analytical detection or to increase the stability or half-life of
the molecule under amplification conditions or other con-
ditions used in accordance with the invention. As will be
appreciated by those skilled in the art, one or more of the
above-described nucleic acids, nucleosides or nucleotides
can be used for example, as a mixture including molecules
with native or analog structures. In addition, a nucleic acid
primer used in the invention can have a structure desired for
a particular amplification technique or analytical method
used in the invention, as desired. Exemplary analytical
methods and amplification methods that can benefit from the
nucleic acids, nucleosides or nucleotides of the invention are
set forth below.

[0098] Nucleic acid sequencing has become an important
technology with widespread applications, including muta-
tion detection, whole genome sequencing, exon sequencing,
mRNA or cDNA sequencing, alternate transcript profiling,
rare variant detection, and clone counting, including digital
gene expression (transcript counting) and rare variant detec-
tion. As disclosed herein, various amplification methods can
be employed to generate larger quantities, particularly of
limited nucleic acid samples, prior to sequencing.

[0099] Two useful approaches for high throughput or rapid
sequencing are sequencing by synthesis (SBS) and sequenc-
ing by ligation. Target nucleic acid of interest can be
amplified, for example, using ePCR, as per 454. Nucleic
acid such as genomic DNA or others of interest can be
fragmented, dispersed in water/oil emulsions and diluted
such that a single nucleic acid fragment is separated from
others in an emulsion droplet. A bead, for example, con-
taining multiple copies of a primer, can be used and ampli-
fication carried out such that each emulsion droplet serves as
a reaction vessel for amplifying multiple copies of a single
nucleic acid fragment. Other methods can be used, such as
bridging PCR (Solexa), or polony amplification (Agencourt/
Applied Biosystems).

[0100] For sequencing by ligation, labeled nucleic acid
fragments are hybridized and identified to determine the
sequence of a target nucleic acid molecule. For sequencing
by synthesis (SBS), labeled nucleotides are used to deter-
mine the sequence of a target nucleic acid molecule. An SBS
approach is shown schematically in FIG. 2A. A target
nucleic acid molecule is hybridized with a primer and
incubated in the presence of a polymerase and a labeled
nucleotide containing a blocking group. The primer is
extended such that the nucleotide is incorporated. The
presence of the blocking group permits only one round of
incorporation, that is, the incorporation of a single nucleo-
tide. The presence of the label permits identification of the
incorporated nucleotide. Either single bases can be added or,
alternatively, all four bases can be added simultaneously,
particularly when each base is associated with a distinguish-
able label. After identifying the incorporated nucleotide by
its corresponding label, both the label and the blocking
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group can be removed, thereby allowing a subsequent round
of incorporation and identification. Thus, it is desirable to
have conveniently cleavable linkers linking the label to the
base, such as those disclosed herein, in particular peptide
linkers. Additionally, it is advantageous to use a removable
blocking group so that multiple rounds of identification can
be performed, thereby permitting identification of at least a
portion of the target nucleic acid sequence. The composi-
tions and methods disclosed herein are particularly useful
for such an SBS approach. In addition, the compositions and
methods can be particularly useful for sequencing from an
array where multiple sequences can be “read” simultane-
ously from multiple positions on the array since each
nucleotide at each position can be identified based on its
identifiable label.

[0101] The oligonucleotides, nucleosides and nucleotides
described herein can be particularly useful for nucleotide
sequence characterization or sequence analysis. Reversible
labeling, reversible termination or a combination thereof can
allow accurate sequencing analysis to be efficiently per-
formed. Methods for manual or automated sequencing are
well known in the art and include, but are not limited to,
Sanger sequencing, pyrosequencing, sequencing by hybrid-
ization, sequencing by ligation and the like. Sequencing
methods can be preformed manually or using automated
methods. Furthermore, the oligonucleotides, nucleosides
and nucleotides set forth herein can be used to prepare
nucleic acids for sequencing using commercially available
methods such as automated Sanger sequencing (available
from Applied Biosystems, Foster City Calif.) or pyrose-
quencing (available from 454 Lifesciences, Branford, Conn.
and Roche Diagnostics, Basel, Switzerland); for sequencing
by synthesis methods currently being developed by Solexa
(Hayward, Calif.) or Helices (Cambridge, Mass.) or
sequencing by ligation methods being developed by Applied
Biosystems in its Agencourt platform (see also Ronaghi et
al., Science 281:363 (1998); Dressman et al., Proc. Natl.
Acad. Sci. USA 100:8817-8822 (2003); Mitra et al., Proc.
Natl. Acad. Sci. USA 100:55926-5931 (2003)).

[0102] A nucleic acid sample obtained using methods
described herein can be amplified prior to analysis. A
particularly useful method is emulsion PCR. However,
amplification need not be carried out if the sample provides
sufficient quantity to suit the particular method being used.
A nucleic acid sample to be sequenced can be attached to a
solid phase using methods and substrates described else-
where herein or otherwise known in the art. The sample will
typically be attached as a population of separate nucleic
acids, such as those encoding genome fragments, that can be
distinguished from each other. Microarrays are particularly
useful for sequence analysis.

[0103] A population of nucleic acids can be sequenced
using methods in which a primer is hybridized to each
nucleic acid such that the nucleic acids form templates and
modification of the primer occurs in a template directed
fashion. The modification can be detected to determine the
sequence of the template. For example, the primers can be
modified by extension using a polymerase and extension of
the primers can be monitored under conditions that allow the
identity and location of particular nucleotides to be deter-
mined. For example, extension can be monitored and
sequence of the template nucleic acids determined using
pyrosequencing which is described in further detail below, in
US 2005/0130173;: US 2006/0134633; U.S. Pat. No. 4,971,
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903; U.S. Pat. No. 6,258,568 and U.S. Pat. No. 6,210,891,
each of which is incorporated herein by reference and is also
commercially available, see above. Extension can also be
monitored according to addition of labeled nucleotide ana-
logs by a polymerase, using methods described, for
example, elsewhere herein and in U.S. Pat. No. 4,863,849;
U.S. Pat. No. 5,302,509; U.S. Pat. No. 5,703,594; U.S. Pat.
No. 5,798,210, U.S. Pat. No. 6,001,560; U.S. Pat. No.
6,664,079; US 2005/0037398; and U.S. Pat. No. 7,057,026,
each of which is incorporated herein by reference. Poly-
merases useful in sequencing methods are typically poly-
merase enzymes derived from natural sources. It will be
understood that polymerases can be modified to alter their
specificity for modified nucleotides as described, for
example, in WO/01/23411; U.S. Pat. No. 5,939,292; and
WO 05/024010, each of which is incorporated herein by
reference. Furthermore, polymerases need not be derived
from biological systems.

[0104] A further modification of primers that can be used
to determine the sequence of templates to which they are
hybridized is ligation. Such methods are referred to as
sequencing by ligation and are described, for example, in
Shendure et al. Science 309:1728-1732 (2005); U.S. Pat. No.
5,599,675, and U.S. Pat. No. 5,730,341, each of which is
incorporated herein by reference. It will be understood that
primers need not be modified in order to determine the
sequence of the template to which they are attached. For
example, sequences of template nucleic acids can be deter-
mined using methods of sequencing by hybridization such as
those described in U.S. Pat. No. 6,090,549; U.S. Pat. No.
6,401,267 and U.S. Pat. No. 6,620,584. It is understood that
many of the uses of compositions of the present invention
can be applied to both sequencing by synthesis (SBS) or
single base extension (SBE), discussed in more detail
below), since both utilize extension reactions that can incor-
porates composition of the invention, including nucleotides
with cleavable peptide linkers and/or blocking groups, either
removable or not.

[0105] In a particular embodiment, arrayed nucleic acid
probes can be modified while hybridized to target nucleic
acids for detection. A nucleic acid, nucleotide or nucleoside
having a reversible blocking group on a 2, 3' or 4' hydroxyl,
a peptide linked label or a combination thereof can be used
in such methods. For example the nucleic acid, nucleotide or
nucleoside can be included in a probe or nucleic acid.
Additionally or alternatively the nucleic acid, nucleotide or
nucleoside can be used to modity the probe. Such embodi-
ments, include, for example, those utilizing allele-specific
printer extension (ASPE), SBE, oligonucleotide ligation
amplification (OLA), extension ligation, invader technol-
ogy, probe cleavage or pyrosequencing as described in U.S.
Pat. No. 6,355,431 B1, U.S. Ser. No. 10/177,727 and/or
below. Thus, the invention can be earned out in a mode
wherein an immobilized probe is modified instead of a
nucleic acid captured by a probe. Alternatively, detection
can include modification of the nucleic acids while hybri-
dised to probes. Exemplary modifications include those that
are catalyzed by an ensyme such as a polymerase. A useful
modification can be incorporation of one or more nucleo-
tides or nucleotide analogs to a primer hybridised to a
template strand, wherein the primer can be either the probe
or nucleic acid in a probe-nucleic acid-fragment hybrid.

[0106] Extension assays are useful for detection of alleles,
mutations or other nucleic acid features. Extension assays
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are generally carried out by modifying the 3' end of a first
nucleic acid when hybridised to a second nucleic acid. The
second nucleic acid can act as a template directing the type
of modification, for example, by base pairing interactions
that occur during polymerase-based extension of the first
nucleic acid to incorporate one or more nucleotide. Poly-
merase extension assays are particularly useful, for example,
due to the relative high-fidelity of polymerases and their
relative ease of implementation. Extension assays can be
carried out to modify nucleic acid probes that have free 3'
ends, for example, when bound to a substrate such as an
array. Exemplary approaches that can be used include, for
example, allele-specific primer extension (ASPE), single
base extension (SBE), or pyrosequencing. A nucleic acid,
nucleotide or nucleoside having a reversible blocking group
on a 2', 3' or 4' hydroxyl, a peptide linked label or a
combination thereof can be used in such methods. For
example the nucleic acid, nucleotide or nucleoside can be
included in the first nucleic acid or the second nucleic acid.
Additionally or alternatively, the nucleic acid, nucleotide or
nucleoside can be used to modify the free 3' ends in the
extension reactions.

[0107] In particular embodiments, single base extension
(SBE) can be used for detection of a typable locus such as
an allele, mutations or other nucleic acid features. The
compositions of the present invention are useful in an SBE
method, in particular, a nucleoside or nucleotide containing
a peptide linker, allowing cleavage and removal of a label,
and/or terminator blocking group, either removable or non-
removable. Briefly, SBE utilizes an extension probe that
hybridizes to a target genome fragment at a location that is
proximal or adjacent to a detection position, the detection
position being indicative of a particular typable locus. A
polymerase can be used to extend the 3' end of the probe
with a nucleotide analog labeled with a detection label such
as those described previously herein. Based on the fidelity of
the enzyme, a nucleotide is only incorporated into the
extension probe if it is complementary to the detection
position in the target nucleic acid. If desired, the nucleotide
can be derivation such that no further extensions can occur,
as disclosed herein using a blocking group, including revers-
ible blocking groups, and thus only a single nucleotide is
added. The presence of the labeled nucleotide in the
extended probe can be detected for example, at a particular
location in an array and the added nucleotide identified to
determine the identity of the typable locus. SBE can be
carried out under known conditions such as those described
in U.S. patent application Ser. No. 09/425,633. A labeled
nucleotide can be detected using methods such as those set
forth above or described elsewhere such as Syvanen et al.,
Genomics 8:684-692 (1990) Syvanen et al., Human Muta-
tion 3:172-179 (1994); U.S. Pat. Nos. 5,846,710 and 5,888,
819; Pastinen et al., Genomics Res. 7(6):606-614 (1997).

[0108] A nucleotide analog useful for SBS or SBE detec-
tion can include a dideoxynueleoside-triphosphate (also
called deoxynucleotides or ddNTPs, i.e. ddATP, ddTTP,
ddCTP and ddGTP), or other nucleotide analogs that are
derivatized to be chain terminating, as disclosed herein. For
example, the nucleotides containing cleavable peptide link-
ers linking a dye and/or blocking groups, either removable
or not, can be used for SBS or SBE. The use of labeled chain
terminating nucleotides is useful, for example, in reactions
having more than one type of ANTP present so as to prevent
false positives due to extension beyond the detection posi-
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tion. Exemplary analogs are dideoxy-triphosphate nucleo-
tides (ddNTPs) or acyclo terminators (Perkin Elmer, Foster
City, Calif)). Generally, a set of nucleotides comprising
ddATP, ddCTP, ddGTP and ddTTP can be used, at least one
of which includes a label. If desired for a particular appli-
cation, a set of nucleotides in which all four are labeled can
be used. The labels can all be the same or, alternatively,
different nucleotide types can have different labels. As will
be appreciated by those in the art, any number of nucleotides
or analogs thereof can be added to a primer, as long as a
polymerase enzyme incorporates a particular nucleotide of
interest at an interrogation position that is indicative of a
typable locus.

[0109] A nucleotide used in an SBS method or an SBE
detection method can further include, for example, a detect-
able label, which can be either a primary or secondary
detectable label. Any of a variety of the nucleic acid labels
set forth herein can be used in an SBS method or an SBE
detection method. The use of secondary labels can also
facilitate the removal of unextended probes in particular
embodiments. The labels can be attached via a peptide
linkage, if desired.

[0110] The solution for SBE, similar to an SBS method,
can also include an extension enzyme, such as a DNA
polymerase. Suitable DNA polymerases include, but are not
limited to, the Klenow fragment of DNA polymerase I,
SEQUENASE™ 1.0 and SEQUENASE™ 2.0 (U.S. Bio-
chemical), TS5 DNA polymerase, Phi29 DNA polymerase,
Thermosequenase™ (Taq with the Tabor-Richardson muta-
tion) and others known in the art or described herein.
Modified versions of these polymerases that have improved
ability to incorporate a nucleotide analog of the invention
can also be used. If the nucleotide is complementary to the
base of the detection position of the target sequence, which
is adjacent to the extension primer, the extension enzyme
will add it to the extension primer. Thus, the extension
primer is modified, i.e. extended, to form a modified primer.
[0111] As will be appreciated by those in the art, the
configuration of an SBS method or SBE reaction can take on
any of several forms. In particular embodiments, the reac-
tion can be done in solution, and then the newly synthesized
strands, with the base-specific detectable labels, can be
detected. For example, they can be directly hybridized to
capture probes that are complementary to the extension
primers, and the presence of the label can then be detected.
Such a configuration is useful, for example, when genome
fragments are arrayed as capture probes. Alternatively, the
SBS or SBE reaction can occur on a surface. For example,
a genome fragment can be captured using a first capture
probe that hybridizes to a first target domain of the fragment,
and the reaction can proceed such that the probe is modified.
[0112] The determination of the base at the detection
position can proceed in any of several ways. In a particular
embodiment, a mixed reaction can be run with two, three or
four different nucleotides, each with a different label. In this
embodiment, the label on the probe can be distinguished
from non incorporated labels to determine which nucleotide
has been incorporated into the probe. Alternatively, discrete
reactions can be run each with a different labeled nucleotide.
The same label can be used for all of the different nucleo-
tides or different labels can be used for each type. The
reaction can be earned out either by using a single substrate
bound probe and sequential reactions, or by exposing the
same reaction to multiple substrate-bound probes. For
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example dATP can be added to a probe-target hybrid, and the
generation of a signal evaluated; the dATP can be removed
and dTTP added, etc. Alternatively, four arrays can be used;
the first is reacted with dATP, the second with dTTP, etc.,
and the presence or absence of a signal evaluated in each
array.

[0113] Single base sequencing is an extension assay that
can be carried out as set forth above for SBE with the
exception that one or more non-chain terminating nucleo-
tides are included in the extension reaction. Thus, in accor-
dance with the invention, one or more non-chain terminating
nucleotides can be included in an SBE reaction including,
for example, those set forth above.

[0114] An exemplary embodiment of single base sequenc-
ing is to carry out two separate reactions on two separate
probe populations. The two separate reactions are advanta-
geously carried out using a single label; however, if desired
more than one type of label can be used. The first reaction
can include 2 different labeled nucleotides that are extend-
able and capable of hybridizing to 2 of the 4 naturally
occurring nucleotides in the genomic DNA. The second
reaction can include 2 different nucleotides, the nucleotides
being labeled and capable of hybridizing to the other 2
naturally occurring nucleotides in the target nucleic acid.
Each of the two reactions can be devoid of the nucleotides
found in the other reaction or can include chain terminating
analogs of the nucleotides found in the other reaction. By
way of example, the first reaction (hot AC reaction) can
include dATP-biotin and dCTP-biotin. This first reaction can
lack GTP, UTP and TIP. Alternatively, the first reaction can
include dideoxyGTP and dideoxyUTP (or dideoxyGTP and
dideoxyTTP). Continuing with the example, the second
reaction (hot GU reaction) can include dGTF-biotin and
dUTP-biotin (or dGTP-biotin and dTTP-biotin). This second
reaction can lack CTP or ATP. Alternatively, the second
reaction can include dideoxyCTP and dideoxyATP. This
exemplary labeling scheme allows defection of almost 80%
of naturally occurring human SNPs since the most abundant
human SNPs are A/G and C/T polymorphisms.

[0115] ASPE is an extension assay that utilizes extension
probes that differ in nucleotide composition at their 3' end.
An ASPE method can be performed using a nucleoside or
nucleotide containing a cleavable linker such as a protease
cleavable linker so that a label can be removed after a probe
is detected. This allows further use of the probes or verifi-
cation that the signal detected was due to the label that has
now been removed. Briefly, ASPE can be carried out by
hybridising a target nucleic acid to an extension probe
having a 3' sequence portion that is complementary to a
detection position and a 5' portion that is complementary to
a sequence that is adjacent to the detection position. Tem-
plate directed modification of the 3' portion of the probe, for
example, by addition of a labeled nucleotide by a poly-
merase yields a labeled extension product, but only if the
template includes the target sequence. The presence of such
a labeled primer-extension product can then be detected, for
example, based on its location in an array to indicate the
presence of a particular typable locus.

[0116] In particular, embodiments, ASPE can be carried
out with multiple extension probes that have similar 5' ends
such that they anneal adjacent to the same detection position
in a target nucleic acid but different 3' ends, such that only
probes having a 3' end that complements the detection
position are modified by a polymerase. A probe having a 3'
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terminal base that is complementary to a particular detection
position is referred to as a perfect match (PM) probe for the
position, whereas probes that have a 3' terminal mismatch
base and are not capable of being extended in an ASPE
reaction are mismatch (MM) probes for the position. The
presence of the labeled nucleotide in the PM probe can be
detected and the 3' sequence of the probe determined to
identify a particular typable locus. An ASPE reaction can
include 1, 2, or 3 different MM probes, for example, at
discrete array locations, the number being chosen depending
upon the diversity occurring at the particular locus being
assayed. For example, two probes can be used to determine
which of 2 alleles for a particular locus are present in a
sample, whereas three different probes can be used to
distinguish the alleles of a 3-allele locus.

[0117] In particular embodiments, an ASPE reaction can
include a nucleotide analog that is derivatized to be chain
terminating. Thus, a PM probe in a probe-fragment hybrid
can be modified to incorporate a single nucleotide analog
without further extension. Exemplary chain terminating
nucleotide analogs include, without limitation, those set
forth above in regard to the SBE reaction. Reversible or
non-reversible chain terminating analogs can be used. Fur-
thermore, one or more nucleotides used in an ASPE reaction
whether or not they are chain terminating can include a
detection label such as those described previously herein.
The label can be removable by being attached via a peptide
linker, if desired. For example, an ASPE reaction can include
a single biotin labeled dNTP. If desired, more than one
nucleotide in an ASPE reaction can be labeled. For example,
reaction conditions can be modified to include biotinylated
dCTP as well as biotinylated dGTP and biotinylated dTTP.
An ASPE reaction can be carried out in the presence of all
four nucleotides A, C, T, and G or in the presence of a subset
of these nucleotides including, for example, a subset that
lacks substantial amounts of one or more of A, C, T or G.

[0118] Pyrosequencing is an extension assay that can be
used to add one or more nucleotides to a detection position
(s); it is similar to SBE except that identification of typable
loci is based on detection of a reaction product, pyrophos-
phate (PPi), produced during the addition of a dNTP to an
extended probe, rather than on a label attached to the
nucleotide. One molecule of PPi is produced per dNTP
added to the extension primer. That is, by running sequential
reactions with each of the nucleotides, and monitoring the
reaction products, the identity of the added base is deter-
mined. Pyrosequencing can be used in the invention using
conditions such as those described in US 2002/0001801. A
nucleotide used in a pyrosequencing reaction can include a
2', 3' or 4' reversible blocking group. An advantage of using
reversible blocking groups in pyrosequencing is that each
nucleotide in a homopolymeric sequence region can be
discretely detected in separate reaction steps. Absent revers-
ible terminating groups, a primer will be extended all the
way through a homopolymeric region in a single reaction
step if the appropriate nucleotide is present. In this situation,
determination of the number of nucleotides added requires
quantification of individual pyrophosphate units, which is
not always convenient or practical.

[0119] Detection with oligonucleotide ligation amplifica-
tion (OLA) involves the template-dependent ligation of two
smaller probes into a single long probe, using a genome-
fragment target sequence as the template. In a particular
embodiment, a single-stranded target sequence includes a
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first target domain and a second target domain, which are
adjacent and contiguous. A first OLA probe and a second
OLA probe can be hybridized to complementary sequences
of the respective target domains. The two OLA probes are
then covalently attached to each other to form a modified
probe. In embodiments where the probes hybridize directly
adjacent to each other, covalent linkage can occur via a
ligase. In one embodiment one of the ligation probes may be
attached to a surface such as an array or a particle. In another
embodiment both ligation probes may be attached to a
surface such as an array or a particle. One or both probes can
include a nucleoside having a peptide linked label. Accord-
ingly, the presence of the ligated product can be determined
by detecting the label. Furthermore, the 3' nucleoside of one
or both probes can include a 2', 3' or 4' reversible blocking
group. Thus ligation can be inhibited until the blocking
group is removed, thereby providing a further level of
control over a detection reaction with the added benefit of
improved specificity.

[0120] Alternatively, an extension-ligation assay can be
used wherein hybridized probes are non-contiguous and one
or more nucleotides are added along with one or more agents
that join the probes via the added nucleotides. Exemplary
agents include, for example, polymerases and ligases. If
desisted, hybrids between modified probes and targets can
be denatured, and the process repeated for amplification
leading to generation of a pool of ligated probes. As above,
these extension-ligation probes can be but need not be
attached to a surface such as an array or a particle. Further
conditions for extension ligation assay that are useful in the
invention are described, for example, in U.S. Pat. No.
6,355,431 B1 and U.S. application Ser. No. 10/177,727. One
or both of the probes can include nucleosides having 2', 3' or
4' reversible blocking group, a peptide linked label or
combination thereof as exemplified above for OLA reac-
tions. Furthermore, one or more nucleotide added by exten-
sion in an extension-ligation assay can include a 2', 3' or 4'
reversible blocking group, a peptide linked label or combi-
nation thereof.

[0121] A modified version of OLA is referred to as the
ligation chain reaction (LCR) when double-stranded
genome fragment targets are used. In LCR, the target
sequence can be denatured, and two sets of probes added:
one set as outlined above for one strand of the target, and a
separate set (i.e. third and fourth primer probe nucleic acids)
for the other strand of the target. Conditions can be used in
which the first and second probes hybridize to the target and
are modified to form an extended probe. Following dena-
turation of the target-modified probe hybrid, the modified
probe can be used as a template, in addition to the second
target sequence, for the attachment of the third and fourth
probes. Similarly, the ligated third and fourth probes can
serve as a template for the attachment of the first and second
probes, in addition to the first target strand. In this way, an
exponential, rather than just a linear, amplification can occur
when the process of denaturation and ligation is repeated.
One or both LCR probes can include nucleosides having 2,
3' or 4' reversible blocking group, a peptide linked label or
combination thereof as exemplified above for OLA reac-
tions.

[0122] Typable loci can be detected in a method of the
invention using rolling circle amplification (RCA), In a first
embodiment, a single probe can be hybridized to a genome
fragment target such that the probe is circularized while
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hybridized to the target. Each terminus of the probe hybri-
dises adjacently on the target nucleic acid and addition of a
polymerase results in extension of the circular probe. How-
ever, since the probe has no terminus, the polymerase
continues to extend the probe repeatedly. This results in
amplification of the circular probe. Following RCA the
amplified circular probe can be detected. This can be accom-
plished in a variety of ways; for example, the printer can be
labeled or the polymerase can incorporate labeled nucleo-
tides and labeled product detected by a capture probe in a
detection array. Rolling-circle amplification can be earned
out under conditions such as those generally described in
U.S. Pat. No. 6,355,431, Baner et al., (1998) Nuc. Acids Res.
26:5073-5078; Barany, F. (1991) Proc. Natl. Acad. Sci. USA
88:189-193; and Lizardi et al. (1998) Nat Genet. 19:225-
232. An RCA probe can include nucleosides having 2', 3' or
4' reversible blocking group, a peptide linked label or
combination thereof as exemplified above tor OLA reac-
tions.

[0123] A padlock probe used in the invention can further
include other characteristics such as an adaptor sequence,
restriction site for cleaving concatamers, a label sequence or
a priming site for priming the RCA reaction as described, for
example, in U.S. Pat. No. 6,355,431 B1. This same patent
also describes padlock probe methods that can be used to
detect typable loci of genome fragment targets in a method
of the invention.

[0124] In particular embodiments a nucleic acid, nucleo-
side or nucleotide useful in the invention can include a label.
As set forth herein, the label can be attached via a peptide
linker. As used herein, a “label” refers to one or more atoms
that can be specifically detected to indicate the presence of
a substance to which the one or more atoms is attached. A
label can be a primary label that is directly detectable or
secondary label that can be indirectly detected, for example,
via direct or indirect interaction with a primary label.
Exemplary primary labels include, without limitation, an
isotopic label such as a naturally non-abundant radioactive
or heavy isotope, including but not limited to **C, '2°I, *24],
1251 1311 32p 333 and °H; chromophore; luminophore;
fluorophore; calorimetric agent; magnetic substance; elec-
tron-rich material such as a metal; electrochemiluminescent
label such as Ru(bpy)32+; or moiety that can be detected
based on a nuclear magnetic, paramagnetic, electrical,
charge to mass, or thermal characteristic. Fluorophores that
are useful in the invention include, for example, fluorescent
lanthanide complexes, including those of Europium and
Terbium, fluorescein, rhodamine, tetramethylrhodamine,
eosin, erythrosin, coumarin, methyl-coumarins, pyrene,
Malacite green, Cy3, CyS5, stilbene, Lucifer Yellow, Cascade
Blue™, Texas Red, alexa dyes, phycoerythin, bodipy, and
others known in the art such as those described in Haugland,
Molecular Probes Handbook, (Eugene, Oreg.) 6th Edition;
The Synthegen catalog (Houston, Tex.), Lakowicz, Prin-
ciples of Fluorescence Spectroscopy, 2nd Ed., Plenum Press
New York (1999), or WO 98/59066. Labels can also include
enzymes such as horseradish peroxidase or alkaline phos-
phatase or particles such as magnetic particles or optically
encoded nanoparticles.

[0125] Exemplary secondary labels are binding moieties.
A binding moiety can be attached to a nucleic acid to allow
detection or isolation of the nucleic add via specific affinity
for a receptor. Specific affinity between two binding partners
is understood to mean preferential binding of one partner to
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another compared to binding of the partner to other com-
ponents or contaminants in the system. Binding partners that
are specifically bound typically remain bound under the
detection or separation conditions described herein, includ-
ing wash steps to remove non-specific binding. Depending
upon the particular binding conditions used, the dissociation
constants of the pair can be, for example, less than about
107%, 107, 1075, 1077, 107%, 107°, 107'°, 107", or 107'?
M.

[0126] Exemplary pairs of binding moieties and receptors
that can be used as labels in the invention include, without
limitation, antigen and immunoglobulin or active fragments
thereof such as FAbs; immunoglobulin and immunoglobulin
(or active fragments, respectively); avidin and biotin, or
analogs thereof having specificity for avidin such as imino-
biotin; streptavidin and biotin, or analogs thereof having
specificity for streptavidin such as imino-biotin; carbohy-
drates and lectins; and other known proteins and their
ligands. It will be understood that either partner in the
above-described pairs can be attached to a nucleic acid and
detected or isolated based on binding to the respective
partner. It will be further understood that several moieties
that can be attached to a nucleic acid can function as both
primary and secondary labels, in a method of the invention.
For example, strepatvidin-phycoerythrin can be detected as
a primary label due to fluorescence from the phycoerythrin
moiety or it can be detected as a secondary label due to its
affinity for anti-streptavidin antibodies, as set forth in feather
detail below in regard to signal amplification methods.
[0127] In a particular embodiment, the secondary label
can be a chemically modifiable moiety. In this embodiment,
labels having reactive functional groups can be incorporated
into a nucleic acid, nucleoside or nucleotide. The functional
group can be subsequently covalently reacted with a primary
label. Suitable functional groups include, but are not limited,
to, amino groups, carboxy groups, maleimide groups, oxo
groups and thiol groups.

[0128] Signal amplification can be carried out using a
nucleic acid labeled by streptavidin-phycoerythrin (SAPE)
and a biotinylated anti-SAPE antibody. In one embodiment,
a three step protocol can be employed in which arrayed
probes that have been modified to incorporate biotin are first
incubated with streptavidin-phycoerythrin (SAPE), fol-
lowed by incubation with a biotinylated anti-streptavidin
antibody, and finally incubation with SAPE again. This
process creates a cascading amplification sandwich since
streptavidin has multiple antibody binding sites and the
antibody has multiple biotins. Those skilled in the art will
recognize from the teaching herein that other receptors such
as avidin, modified versions of avidin, or antibodies can be
used in an amplification complex and that different labels
can be used such as Cy3, Cy5 or others set forth previously
herein. Further exemplary signal amplification techniques
and components that can be used in the invention are
described, for example, in U.S. Pat. No. 6,203,989 B1.
[0129] As disclosed herein, a variety of fluorescent dyes
are particularly useful labels in compositions and methods of
the invention, including, but not limited to, FAM, Bodipy,
TAMRA, Alexa, and the like (see Example IV). These and
other suitable fluorescent moieties are well known to those
skilled in the art (see Hermanson, Bioconjugate Techniques,
pp. 297-364, Academic Press, San Diego (1996); Molecular
Probes, Eugene Oreg.). Rhodamine derivatives include, for
example, tetramethylrhodamine, rhodamine B, rhodamine
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6G, sulforhodjamine B, Texas Red (sulforhodamine 101),
rhodamine 110, and derivatives thereof such as tetrameth-
ylrhodamine-5- (or 6), lissamine rhodamine B, and the like.
Other suitable fluorophores include 7-nitrobenz-2-oxa- 1,3-
diazole (NBD.

[0130] Additional exemplary fluorophores include, for
example, fluorescein and derivatives thereof. Other fluro-
phores include napthalenes such as dansyl (5-dimethylam-
inonapthalene-1-sulfonyl). Additional fluorophores include
coumarin derivatives such as 7-amino-4-methylcoumarin-3-
acetic acid (AMCA), 7-diethylamino-3-[(4'-iodoacetyl)
amino)phenyl]-4-methylcoumarin (DCIA), Alexa fluor dyes
(Molecular Probes), and the like.

[0131] Other fluorophores include 4,4-difluoro-4-bora-3a,
4a-diaza-s-indacene (BODIPY™) and derivatives thereof
(Molecular Probes; Eugene Oreg.). Further fluorophores
include pyrenes and sulfonated pyrenes such as Cascade
Blue™ and derivatives thereof, including 8-methoxypyrene-
1,3,6-trisulfonic acid, and the like. Additional fluorophores
include pyridyloxazole derivatives and dapoxyl derivatives
(Molecular Probes). Additional fluorophores include Lucifer
Yellow  (3,6-disulfonate-4-amino-naphthalimide)  and
derivatives thereof. CyDye™ fluorescent dyes (Amersham
Pharmacia Biotech; Piscataway N.J.) can also be used.
Energy transfer dyes can additionally be used such as those
described in U.S. Pat. No. 7,015,000 or U.S. Pat. No.
6,873,047, each of which is incorporated herein by refer-
ence.

[0132] In certain aspects of the invention, a protease
cleavable linker is used to link a dye to an RT-NTP so that
the dye can be cleaved and removed. A protease can be used
to cleave a cleavable linker having a suitable recognition
sequence for the protease. Particularly useful proteases are
endopeptidases such as chymotrypsin, proteinase K, sub-
tillsin, trypsin, factor Xa, tobacco etch virus (TEV) protease,
Staphylococcus aureus protease, submaxillaris protease,
Kallikrein protease, matrix metalloprotease-2 (MMP-2) and
the like. The protease can be selected based on the incor-
poration of a particular cleavable recognition sequence info
the linker.

[0133] As used herein, the term “protease” is intended to
mean an agent that catalyzes the cleavage of peptide bonds
in a protein or peptide. Some proteases are non-sequence
specific proteases. Generally, for the methods disclosed
herein, the protease has sequence specificity, splitting a
peptide bond of a protein based on the presence of a
particular amino acid sequence in the protein. A protease can
be characterised according to the location in a protein where
it cleaves, an endoprotease cleaving a protein between
internal amino acids of an amino acid chain and an exopro-
tease cleaving a protein to remove an amino acid from the
end of an amino acid chain. In the peptide linkers of the
compositions herein, an endoprotease is used. A protease can
be characterized according to mechanism of action, being
identified, for example, as a serine protease, cysteine (thiol)
protease, aspartic (acid) protease, metalloprotease or mixed
protease depending on the principal amino acid participating
in catalysis. A protease can also be classified based on the
action pattern, examples of which include an aminopepti-
dase which cleaves an amino acid from the amino end of a
protein, carboxypeptidase which cleaves an amino acid from
the carboxyl end of a protein, dipeptidyl peptidase which
cleaves two amino acids from an end of a protein, dipepti-
dase which splits a dipeptide and tripeptidase which cleaves
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an amino acid from a tripeptide. Typically, a protease is a
protein enzyme. However, non-protein agents capable of
catalyzing the cleavage of peptide bonds in a protein,
especially in a sequence specific manner are also useful in
the invention.

[0134] As used herein, the term “activity,” when used in
reference to a protease, is intended to mean binding of the
protease to a protease substrate or hydrolysis of the protease
substrate or both. The activity can be indicated, for example,
as binding specificity, catalytic activity or a combination
thereof. The activity of a protease can be identified quali-
tatively or quantitatively in accordance with the composi-
tions and methods disclosed herein. Exemplary qualitative
measures of protease activity include, without, limitation,
identification of a substrate cleaved in the presence of the
protease, identification of a change in substrate cleavage due
to presence of another agent such as an inhibitor or activator,
identification of an amino acid sequence that is recognized
by the protease, identification of the composition of a
substrate recognized by the protease or identification of the
composition of a proteolytic product produced by the pro-
tease. Activity can be quantitatively expressed as units per
milligram of enzyme (specific activity) or as molecules of
substrate transformed per minute per molecule of enzyme
(molecular activity). The conventional unit of enzyme activ-
ity is the International Unit (IU), equal to one micromole of
substrate transformed per minute. A proposed coherent Sys-
téme Internationale (SI) unit is the katal (kat), equal to one
mole of substrate transformed per second.

[0135] As used herein the term, “protease substrate” is
intended to mean a molecule that can be cleaved by a
protease. A protease substrate is typically a protein, protein
moiety or peptide having an amino acid sequence that is
recognized by a protease. A protease can recognize the
amino acid sequence of a protease substrate due to the
specific sequence of side chains or due to properties generic
to proteins. A protease substrate can also be a protein
mimetic or non-protein molecule that is capable of being
cleaved or otherwise covalently modified by a protease.

[0136] Exemplary proteases, corresponding peptide sub-
strates, and commercial source are shown in Table 2.

TABLE 2

Proteases and their cleavage preferences.

Peptide (cleavage site

Protease indicated with dash) Company

Thrombin LVPR-GS Amersham, Novagen,
Sigma, Roche

Factor Xa IEGR-X Amersham, NEB, Roche

Enterokinase DDDDK-X NEB, Novagen, Roche

TEV protease ENLYFQ-G Invitrogen

PreScission LEVLFQ-GP Amersham

HRV 3C Protease LEVLFQ-GP Novagen

Trypsin R-X, K-X

Endoproteinase Asp-N  X-D

Chymotrypsin Y-X, F-X W-X

Endoproteinase Glu-C E-X
Endoproteinase Arg-C  R-X
Endoproteinase Lys-C = K-X

[0137] Enzymatically cleavable linkers used in the inven-
tion are generally peptides. Peptide synthesis can be carried
out using standard solid phase or solution phase chemistry,
as desired. Methods for peptide synthesis are well known to
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those skilled in the art (Fodor et al., Science 251:767 (1991);
Gallop et al., J. Med. Chem. 37:1233-1251 (1994); Gordon
etal., J. Med. Chem. 37:1385-1401 (1994)). It is understood
that a peptide linker can be synthesized and then added to the
NTP as a peptide or can be synthesized by sequentially
adding amino acids and then a dye.

[0138] The peptide sequences for a specific protease can
be selected, for example, by synthesizing appropriate sub-
strate peptides and optimizing those peptides, as disclosed
herein (see Example III). The peptide sequences for specific
peptides can be selected, for example, by screening peptide
libraries. The libraries can contain random peptide
sequences generated using combinatorial chemistry, as
described herein or well known in the art, or other well
known methods such as phage display of random peptide
libraries (see U.S. Pat. No. 6,068,829; Smith and Scott,
Meth. Enzymol. 217:228-257 (1993); Scott and Smith, Sci-
ence 249:386-390 (1990); Koivunen et al., Biotechnology
13:265-270 (1995) Koivunen et al. Meth. Enzymol. 245:346-
369 (1994), each of which is incorporated herein by refer-
ence).

[0139] In addition, focused peptide libraries can be used to
optimize a peptide sequence for protease cleavage based on
existing known peptide sequences. The protease recognizes
the peptide portion of the molecule and hydrolyzes the
peptide at a specific cleavage site in the amino acid
sequence, resulting in removal of dye molecules attached via
a peptide linker, as disclosed herein. If desired, a spacer can
be used between the nucleoside or nucleotide base and the
linker, or between the linker and the label. Different lengths
of spacers can be used in order to increase the peptide
availability towards the protease and increase the efficiency
and fidelity of polymerases. Exemplary spacers include, for
example, polyethyleneglycol or other suitable spacers.

[0140] Table 3 shows exemplary coupling chemistries,
with the corresponding modification and reactive groups on
the respective peptide and nucleotide. Exemplary chemistry
for coupling a peptide to a nucleotide or nucleic acid is
described, for example, in U.S. publication 2005/0136406,
which is incorporated herein by reference. Exemplary chem-
istries for coupling a peptide are shown in FIGS. 15 and 16.
At the end of the synthesis, Boc-protected aminooxyacetic
acid is attached using standard peptide coupling conditions
or other aldehyde reactive groups as shown in FIG. 15. In
order to find the best aldehyde reactive group for peptide
modification, six different aldehyde reactive groups are
attached to the N-terminus of a peptide (FIG. 15). The
conjugation reaction is efficient for all peptide modifying
groups tested (over 90% yield of conjugate).

[0141] Additional chemistries that are mild reactions that
are performed in aqueous solution include azide plus alkyne
and azide plus phosphine (see, for example, Kolb et al.,
Angew. Chem. 40:2004-2021 (2001); Goodall and Hayes,
Chem. Soc. Rev. 35:280-312 (2006); Saxon et al., Org. Lett.
2:2141-2143 (2000); Nilsson et al., Org. Lett. 2:1939-1941
(2000); Nilsson et al., B. L.; Kiesling, L.. L..; Raines, R. T.
Org. Lett. 3:9-12 (2001); Nilsson et al., J. Am. Chem. Soc.
125:5268-5269 (2003), each of which is incorporated herein
by reference.
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TABLE 3

Exemplary coupling chemistries for linking a peptide to a
nucleotide.

Modified peptide Modified nucleotide

1. Cl N Cl NH2

Cl
NI2
§=c=N N=(C=s
COLH(CIL),CO,H NI2
ﬁ NI2
occl
NO,
) CHO
Su0 7 |
™™
N NH—N
ﬁ NI2
occl
NO,
NS NI2
NI2 CHO

[0142] The peptide sequence can also be optimized to
achieve the best activity for both protease cleavage and/or
incorporation by polymerase enzymes or other catalysts, as
disclosed herein. Exemplary optimisation of protease cleav-
age activity is described in Example II1. Similarly, optimi-
zation of a peptide substrate, using naturally or non-natu-
rally occurring amino acids, can be performed for any
desired protease.

[0143] As set forth above, a peptide linker can be cleaved
using an exoprotease or endoprotease to remove a label form
a nucleotide or oligonucleotide. In particular embodiments,
a label can be removed using a combination of an endopro-
tease and exoprotease. For example, a peptide linker on a
nucleotide or oligonulceotide can be cleaved internally using
an endoprotease and any remaining residues on the nucleo-
tide or oligonucleotide can be removed with an exoprotease.
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Such methods can be advantageous in order to remove any
linker fragments that are undesirable, for example, due to
reducing subsequent incorporation of nucleotides in a
sequencing reaction. Such methods can also be advanta-
geous when the presence of a label on a peptide prevents
exoprotease activity. In such cases the label can be removed
due to the activity of endoprotease activity and the remain-
ing linker residues removed by the exoprotease.

[0144] Methods useful for modifying a nucleoside or
nucleotide to contain an enzymatically cleavable linker such
as a peptide linker and/or a blocking group utilize chemis-
tries well known to those skilled in the art. Such methods are
described herein, and exemplary synthesis methods are
described in Example 1.

[0145] The invention additionally provides a kit contain-
ing one or more RT-NTPs. The kit can contain, for example,
a set of four RT-NTPs for each ribonucleoside, where each
of the NTPs has a different dye so that each of the ribon-
uoleosides can be distinguished (see Example IV). In
another embodiment, a kit can include a suitable protease if
the RT-NTP contains an enzymatically cleavable linker. In
addition, a kit can include other reagents, such as a phos-
phatase for removing a phosphate blocking group. The
contents of the kit of the invention, for example are con-
tained in packaging material, and, if desired, a sterile,
contaminant-free environment. In addition, the packaging
material contains instructions indicating how the materials
within the kit can be employed. The instructions for use
typically include a tangible expression describing the
reagent concentration or at least one assay method param-
eter, such as the relative amounts of reagent and sample to
be admixed, maintenance time periods for reagent/sample
admixtures, temperature, buffer conditions, and the like.

[0146] A kit of the invention can include a nucleoside or
nucleotide molecule containing a label linked to the mol-
ecule by an enzymatically cleavable peptide linker. The label
can be linked to the base of the molecule. The nucleoside or
nucleotide can further comprise a blocking group. The
blocking group can be removable. The blocking group can
be attached at the 2', 3' or 4' position of the sugar moiety of
the molecule. A removable blocking group can be selected,
for example, from those shown in FIG. 1A. The label can be
a ligand or dye, for example, a fluorescent dye. The fluo-
rescent dye can be a fluorophore selected from FAM,
Bodipy, TAMRA and Alexa or others disclosed herein. The
linker can be cleavable by a protease such as proteinase K,
trypsin, chymotrypsin, subtilisin, V8 protease or others
disclosed herein. The kit can further comprise a protease
having activity to cleave the peptide linker. Thus, the kit can
contain a protease specific for the peptide linker of the
nucleoside or nucleotide in the kit. A removable blocking
group on the nucleoside or nucleotide can be a phosphate. In
a kit containing a nucleoside or nucleotide containing phos-
phate as the removable blocking group, a phosphatase can
also be included to conveniently remove the phosphate
blocking group. It is understood that the kit can contain
appropriate nucleoside or nucleotides and/or reagents for
cleaving a cleavable linker, if contained in the nucleoside or
nucleotides of the kit, and/or reagents for removing a
removable blocking group. In a particular embodiment, the
kit contains four nucleosides or nucleosides, either A, G, T
and C, or A, G, U and C, or derivatives thereof, as disclosed
herein, including deoxy forms, such that a complementary
sequence of a target nucleic acid sequence can be synthe-
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sized by a nucleotide incorporating catalyst, with each of the
four nucleosides or nucleotides containing a distinguishable
label such as a dye, for example, a fluorescent dye, so that
each of the four nucleosides or nucleotides can be identified
by its respective label, as disclosed herein.

[0147] Analytical methods set forth herein can be carried
out on a solid-phase support, for example, as indicated
above. Accordingly, oligonucleotides, nucleotides or
nucleosides described herein can be attached to a solid-
phase support, used to modify a molecule attached to a solid
support or non-covalently bound to a molecule on a solid
support.

[0148] As used herein, the term “solid support” is intended
to mean a substrate and includes any material that can serve
as a solid or semi-solid foundation for attachment of capture
probes, other nucleic acids and/or other polymers, including
biopolymers. A solid support of the invention is modified,
for example, or can be modified to accommodate attachment
of'nucleic acids by a variety of methods well known to those
skilled in the art. Exemplary types of materials comprising
solid supports include glass, modified glass, functionalized
glass, inorganic glasses, microspheres, including inert and/
or magnetic particles, plastics, polysaccharides, nylon, nitro-
cellulose, ceramics, resins, silica, silica-based materials,
carbon, metals, an optical fiber or optical fiber bundles, a
variety of polymers other than those exemplified above and
multiwell microtier plates. Specific types of exemplary
plastics include acrylics, polystyrene, copolymers of styrene
and other materials, polypropylene, polyethylene, polybu-
tylene, polyurethanes and Teflon™. Specific types of exem-
plary silica-based materials include silicon and various
forms of modified silicon.

[0149] The term “microsphere,” “bead” or “particle”
refers to a small discrete particle as a solid support of the
invention. Populations of microspheres can be used for
attachment of populations of capture probes. The composi-
tion of a microsphere can vary, depending for example, on
the format, chemistry and/or method of attachment and/or
on the method of nucleic acid synthesis. Exemplary micro-
sphere compositions include solid supports, and chemical
functionalities imparted thereto, used in polypeptide, poly-
nucleotide and/or organic moiety synthesis. Such composi-
tions include, for example, plastics, ceramics, glass, poly-
styrene, melamine, methylstyrene, acrylic polymers,
paramagnetic materials, thoria sol, carbon graphite, titanium
dioxide, latex or cross-linked dextrans such as Sepharose™,
cellulose, nylon, cross-linked micelles and Teflon™, as well
as any other materials which can be found described in, for
example, “Microsphere Detection Guide” from Bangs
Laboratories, Fishers Ind., which is incorporated herein by
reference.

[0150] The geometry of a particle, bead or microsphere
also can correspond to a wide variety of different forms and
shapes. For example, microspheres used as solid supports of
the invention cap be spherical, cylindrical or any other
geometrical shape and/or irregularly shaped particles. In
addition, microspheres can be, for example, porous, thus
increasing the surface area of the microsphere available for
capture probe or other nucleic acid attachment. Exemplary
sizes for microspheres used as solid supports in the methods
and compositions of the invention can range from nanome-
ters to millimeters or from about 10 nm-1 mm. Particularly
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useful sizes include microspheres from about 0.2 um to
about 200 um and from about 0.5 um to about 5 um being
particularly useful.

[0151] In particular embodiments, microspheres or beads
can be arrayed or otherwise spatially distinguished. Exem-
plary bead-based arrays that can be used in the invention
include, without limitation, those in which beads are asso-
ciated with a solid support such as those described in U.S.
Pat. No. 6,355,431 B1, US 2002/0102578 and PCT Publi-
cation No. WO 00/63437, each of which is incorporated
herein by reference. Beads can be located at discrete loca-
tions, such as wells, on a solid-phase support, whereby each
location accommodates a single bead. Alternatively, discrete
locations where beads reside can each include a plurality of
beads as described, for example. In U.S. patent application
Nos. US 2004/0263923, US 2004/0233485, US 2004/
0132205, or US 2004/0125424, each of which is incorpo-
rated herein by reference. Beads can be associated with
discrete locations via covalent bonds or other non-covalent
interactions such as gravity, magnetism, ionic forces, van der
Waals forces, hydrophocicity or hydrophilicity. However,
the sites of an array of the invention need not be discrete
sites. For example, it is possible to use a uniform surface of
adhesive or chemical functionalities that allows the attach-
ment of particles at any position. Thus, the surface of an
array substrate can be modified to allow attachment or
association of microspheres at individual sites, whether or
not those sites are contiguous or non-contiguous with other
sites. Thus, the surface of a substrate can be modified to form
discrete sites such that only a single head is associated with
the site or, alternatively, the surface can be modified such
that a plurality of beads populates each site.

[0152] Beads or other particles can be loaded onto array
supports rising methods known in the art such as those
described, for example, in U.S. Pat. No. 6,355,431, which is
incorporated herein by reference. In some embodiments, for
example when chemical attachment is done, particles can be
attached to a support in a non-random or ordered process.
For example, using photoactivatible attachment linkers or
photoactivatible adhesives or masks, selected sites on an
array support can be sequentially activated for attachment,
such that defined populations of particles are laid down at
defined positions when exposed to the activated array sub-
strate. Alternatively, particles can be randomly deposited on
a substrate. In embodiments where the placement of probes
is random, a coding or decoding system can be used to
localize and/or identity the probes at each location in the
array. This can be done in any of a variety of ways, for
example, as described in U.S. Pat. No. 6,355,431 or WO
03/002979, each of which is incorporated herein by refer-
ence. A further encoding system that is useful in the inven-
tion is the use of diffraction gratings as described, for
example, in US Pat. App. Nos. US 2004/0263923, US
2004/0233485, US 2004/0132205, or US 2004/0125424,
each of which is incorporated herein by reference.

[0153] An array of beads useful in the invention can also
be in a fluid format such as a fluid stream of a flow cytometer
or similar device. Exemplary formats that can be used in the
invention to distinguish beads in a fluid sample using
microfluidic devices are described, for example, in U.S. Pat.
No. 6,524,793, which is incorporated herein by reference.
Commercially available fluid formats for distinguishing
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beads include, for example, those used in XMAP™ tech-
nologies from Luminex or MPSS™ methods from Lynx
Therapeutics.

[0154] Any of a variety of arrays known in the art can be
used in the present invention. For example, arrays that are
useful in the invention can be non-bead-based. A particularly
useful array is an Affymetrix™ GeneChip™ array.
GeneChip™ arrays can be synthesized in accordance with
techniques sometimes referred to as VLSIPS™ (Very Large
Scale Immobilized Polymer Synthesis) technologies. Some
aspects of VLSIPS™ and other microarray and polymer
(including protein) array manufacturing methods and tech-
niques have been described in U.S. Pat. No. 09/536,541,
International Publication No. WO 00/58516; U.S. Pat. Nos.
5,143,854, 5,242,974, 5,252,743, 5,324,633, 5,445,934,
5,744,305, 5,384,261, 5,405,783, 5,424,186, 5,451,683,
5,482,867, 5,491,074, 5,527,681, 5,550,215, 5,571,639,
5,578,832, 5,593,839, 5,599,695, 5,624,711, 5,631,734,
5,795,716, 5,831,070, 5,837,832, 5,850,101, 5,858,659,
5,930,324, 5,968,740, 5,974,164, 5,981,185, 5,981,956,
6,025,601, 6,033,860, 6,040,193, 6,090,555, 6,136,269,
6,269,846, 6,022,903, 6,083,697, 6,291,183, 6,309,831, and
6,428,752; and in PCT Applications Nos. PCT/US99/00730
(International Publication No. WO 99/36760) and PCT/
US01/04285, each of which is incorporated herein by ref-
erence. Such arrays can hold over 500,000 probe locations,
or features, within a mere 1.28 square centimeters. The
resulting probes are typically 25 nucleosides in length. If
desired, a highly efficient synthesis in which substantially all
of the probes are full length can be used.

[0155] A spotted array can also be used in a method of the
invention. An exemplary spotted array is a CodeLink™
Array available from Amersham Biosciences CodelLink™
Activated Slides are coated with a long-chain, hydrophilic
polymer containing amine-reactive groups. This polymer is
covalently crosslinked to itself and to the surface of the
slide. Probe attachment can be accomplished through cova-
lent interaction between the amine-modified 5' end of the
oligonucleotide probe and the amine reactive groups present
in the polymer. Probes can be attached at discrete locations
using spotting pens. Such pens can be used to create features
having a spot diameter of, for example, about 140-160
microns. In a particular embodiment, nucleic acid probes at
each spotted feature can be 30 nucleotides long.

[0156] Another array that is useful in the invention is one
manufactured using inkjet printing methods such as Sure-
Print™ Technology available front Agilent Technologies.
Such methods can be used to synthesize oligonucleotide
probes in situ or to attach presynthesized probes having
moieties that are reactive with a substrate surface. A printed
microarray can contain 22,575 features on a surface having
standard slide dimensions (about 1 inch by 3 inches).
Typically, the printed probes are 25 or 60 nucleotides in
length.

[0157] It will be understood that the specific synthetic
methods and probe lengths described above for different
commercially available arrays are merely exemplary. Simi-
lar arrays can be made using modifications of the methods
and probes having other lengths such as those set forth
elsewhere herein can also be placed at each feature of the
array.

[0158] Those skilled in the art will know or understand
that the composition and geometry of a solid support of the
invention can vary depending on the intended use and
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preferences of the user. Therefore, although microspheres
and chips are exemplified herein for illustration, given the
teachings and guidance provided herein, those skilled in the
art will understand that a wide variety of other solid supports
exemplified for other embodiments herein or well known in
the art also can be used in the methods and/or compositions
of the invention.

[0159] Capture probes or templates to be sequenced, for
example, can be attached to a solid support using any of a
variety of methods well known in the art. Such methods
include for example, attachment by direct chemical synthe-
sis onto the solid support, chemical attachment, photochemi-
cal attachment, thermal attachment, enzymatic attachment
and/or absorption. These and other methods are well known
in the art and applicable for attachment of capture probes in
any of a variety of formats and configurations. The resulting
probes can be attached to a solid support via a covalent
linkage or via non-covalent interactions. Exemplary non-
covalent interactions are those between a ligand-receptor
pair such as streptavidin (or analogs thereof) and biotin (or
analogs thereof) or between an antibody and epitope. Once
attached to the first solid support, the target sequence, probe
or primer is amenable for use in the methods as described
herein.

[0160] Several of the methods set forth herein can be
carried out in a multiplex format in which several different
reactions are carried out simultaneously and in the same
vessel or on the same substrate. As exemplified above,
several methods such as primer extension methods, ligation
methods or sequencing methods can be carried out in
multiplex formats, for example, using arrays. Oligonucle-
otides and nucleotides having a reversible blocking group on
a2', 3" or 4' hydroxyl, a peptide linked label or a combination
thereof are particularly useful in multiplex methods because
such molecules can be introduced, detected and moieties
removed using uniform conditions across a plurality of
reaction centers. For example, using uniform conditions
nucleotides can be introduced to specific sites on an array;
sites having the specific nucleotides can be identified; and
blocking groups, labels or both, removed. Methods set forth
herein can be earned out at multiplex levels in which at least
10, 100, 1000, 1x10% 1x10°, 1x10%, 1x107 or more different
reactions occur simultaneously in the same vessel or on the
same substrate.

[0161] It is understood that modification which do not
substantially affect the activity of the various embodiments
of this invention are also provided within the definition of
the invention provided herein. Accordingly, the following
examples are intended to illustrate but not limit the present
invention.

EXAMPLE I

Synthesis of Nucleotides

[0162] This example describes the synthesis of exemplary
nucleotides useful in the invention.

[0163] An exemplary 2' reversible terminator with a phos-
phate group at the 2' position was synthesized, as shown in
FIG. 1B. Synthesis of various nucleotides is described in
more detail below.

[0164] Synthesis of 2'-phosphate UTP. For synthesis of
2'-phospho UTP, 100 mg of 3' phosphate CPG (Glen
Research), 43 umol/g, was placed into a 3 ml fritted syringe.
The syringe was washed 3 times with trichloroacetic acid/
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dichloromethane (TCA/DCM) solution, 2 min, followed by
washing 6 times with 2 ml acetonitrile. A volume of 1.5 ml
of 0.1M solution of 5-DMT-3'-tBDsilyl-ribo uridine CED
phorphoramidite (Catalog No. ANP-5674, ChemGenes;
Wilmington Mass.) in acetonitrile was mixed with 1.5 ml of
0.25 M 4,5-dicyanoimidazole (DCI) in acetonitrile and
added to the reaction vessel. The reaction was carried out for
10 min. The syringe was washed with 2 ml acetonitrile, and
the reaction repeated for 10 min. The syringe was washed 6
times with 2 ml acetonitrile. An oxidizing solution (0.02 M
1, in Py/THF/H,0)(Glen Research) was added and reacted
for 2 min. The syringe was washed 6 times with 2 ml
acetonitrile, 3 times with 3% TCA/DCM solution for 2 min,
and 6 times with 2 ml acetonitrile. A volume of 2 ml
pyridine:dioxane mixture (1:3) was added. A volume of 500
ul of 1 M of 2-chloro-4H -1,3,2-Benzodioxaphosphor-4-one
(Aldrich) in dioxane was added and reacted for 15 min. The
syringe was washed 3 times with 2 ml dioxane and 3 times
with 2 ml acetonitrile. A volume of 1.5 ml of 0.5M tribu-
tylammonium pyrophosphate (Aldrich) in DMF was added.
A volume of 1 ml of tri-n-butylamine (Aldrich) was added
and reacted for 20 min. The syringe was washed 3 times with
2 ml DMF and 3 times with 2 ml acetonitrile. Oxidizing
solution (0.02M 1, in Py/THF/H,0O) was added and reacted
for 2 m The syringe was washed 6 times with 2 ml
acetonitrile. A volume of 2 ml of 28% aqueous ammonia
solution (Aldrich) was added and reacted overnight at room
temperature. The supernatant was removed, and the product
dried on a SpeedVac. A volume of 500 pl of 1M tetra-n-
butylammonium fluoride (TBAF)/THF was added and
reacted overnight at room temperature. The product was
dried on a SpeedVac and purified by HPLC.

[0165] Synthesis of 3'- phosphate dTTP. For synthesis of
3' phosphate dTTP, 50 mg of 3' phosphate CPG (Glen
Research), 43 umol/g was placed into a 3 ml fritted syringe.
The syringe was washed 3 times with 3% TCA/DCM solu-
tion for 2 min followed by washing 6 times with 2 ml
acetonitride. A volume of 1.5 ml of 0.1M solution of
dT-phosphoramidite (Glen Research) in acetonitrile was
mixed with 1.5 ml of 0.25M DCI in acetonitrile, added to the
reaction vessel and reacted for 10 min. The syringe was
washed with 2 ml acetonitrile. The reaction was repeated for
10 min. The syringe was washed 6 times with 2 ml acetoni-
trile. Oxidizing solution (0.02M 1, in Py/THF/H,O) was
added and reacted for 2 min. The syringe was washed 6
times with 2 ml acetonitrile, 3 times with 3% TCA/DCM
solution for 2 min. and 6 times with 2 ml acetonitrile. A
volume of 2 ml pyridine:dioxane mixture (1:3) was added.
A volume of 500 pl of 1 M of 2-chloro-4H-1,3,2-Benzodi-
oxaphosphor-4-one (Aldrich) in dioxane was added and
reacted for 15 min. The syringe was washed 3 times with 2
ml dioxane and 3 times with 2 ml acetonitrile. A volume of
1.5 ml of 0.5 M tributylammonium pyrophosphate (Aldrich)
in DMF was added. A volume of 1 ml of tri-n-butylamine
(Aldrich) was added and reacted for 20 min. The syringe was
washed 3 times with 2 ml DMF and 3 times with 2 ml
acetonitrile. Oxidizing solution (0.02M I, in Py/THF/H,0)
was added and reacted for 2 min. The syringe was washed
6 times with 2 ml acetonitrile. A volume of 2 ml of aqueous
ammonia solution (Aldrich) was added and reacted over-
night at room temperature. The supernatant was removed,
and the product dried on SpeedVac, HPLC purify.

[0166] Synthesis of aldehyde-modified dTTP and dCTP.
For synthesis of aldehyde-modified dT'TP and dCTP, 45 ul of
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0.1M solution of 5-aminoallyl-2'-dUTP (or dCTP) from
Trilink Biotechnologies was used. A volume of 60 pl of 1M
triethylammonia bicarbonate buffer (Fluka) was added. A
volume of 150 ul of DMF was added and mixed well. A
volume of 100 pl of 0.4M solution of SFB reagent (SoluLink
Biotechnoligies) in DMF was added, mixed and reacted
overnight at room temperature. The products were HPL.C
purified.

[0167] Synthesis of amino-modified dGTP and dATP. For
synthesis of amino-modified dGTP and dATP, 0.08 mmol of
7-Deaza-7-phthalylpropargyl-dA (or 7-Deaza-7-phthalyl-
propargyl-dG) from ChemBiotech was used and dried over-
night in vacuum under P,O,. A volume of 267 pl of 1M
trimethylphosphate (Aldrich) was added while stirring. The
suspension was cooled to 0° C. A volume of 12 ul of POCI,
was added and stirred at 0° C. for 3 hours. A volume of 2 ml
of 0.5M tributylammonia pyrophosphate (Aldrich) in DMF
was mixed with 500 pl of tri-n-butylamine (Aldrich), added
to the reaction vessel and reacted for 20 min. A volume of
6.7 ml of 0.1 M triethylammonium bicarbonate buffer
(Fluka) was added and kept at room temperature for 45 min.
A volume of 6.7 ml of 28% aqueous ammonia solution
(Aldrich) was added and reacted for 3 hours at room
temperature. The product was dried on a SpeedVac and
HPLC purified.

[0168] Synthesis of aldehyde-modified dGTP and dATP.
For synthesis of aldehyde-modified dGTP and dATP, a
volume of 45 ul of 0.1M solution of amino-GTP (or amino
ATP) was used. A volume of 60 ul of 1M Triethylammonia
bicarbonate buffer (Fluka) was added. A volume of 150 ul of
DMF was added and mixed well. A volume of 100 pul of
0.4M solution of succinimidyl 4-formylbenzoate (SFB)
reagent (SoluLink Biotechnoligies) in DMF was added,
mixed and reacted overnight at room temperature. The
products were HPLC purified.

[0169] The following nucleotides have been synthesized:
dUTP-FAM, dCTP-FAM, dATP-FAM, dGTP-FAM, dUTP-
BodipyFL, dCTP-BodipyTMR, dUTP-BodipyTR, dATP-
Alexa660, and dGTP-Alexa750 (see FIGS. 10 and 12).

EXAMPLE II

Enzymatic Removal of a Blocking Group from a
Reversible Terminator

[0170] This example describes removal of a blocking
group from an exemplary 2' reversible terminator.

[0171] A 2' reversible terminator having a phosphate
blocking group at the 2' position, as shown in FIG. 1B, was
used. The 2' reversible terminator was incubated with alka-
line phosphatase. The results show that the phosphate group
can be quantitatively removed using alkaline phosphatase in
less than one minute in aqueous buffer at room temperature.
Briefly, 2' reversible terminator ribonucleotide was incorpo-
rated into a 15-mer primer, annealed to a 42-mer template
oligonucleotide, and phosphate removed in the duplex by
incubation with calf intestinal alkaline phosphatase (2
mU/ul; USB) for 10 minutes at 37° C.

EXAMPLE III

Identification and Optimization of Enzymatically
Cleavable Peptide Linkers

[0172] This example describes the identification of exem-
plary peptide linkers cleavable by proteases.
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[0173] Peptide synthesis can be carried out using standard
Fmoc solid phase peptide synthesis. After synthesis, the
peptides were cleaved from the support and the protecting
groups removed using 95% TFA with scavengers. The
peptides were then precipitated with ethyl ether, washed and
dried. The peptides were then dissolved in an appropriate
solvent and analyzed by HPLC and mass spectroscopy for
quality analysis.

[0174] Cleavage data has been generated for 1000 differ-
ent peptides for subtilisin A, chymotrypsin and proteinase K.
Cleavage of a set of exemplary peptides is shown in FIG. 3.
Assays were carried out essentially as described previously
in U.S. publication 2006/0216721, which is incorporated
herein by reference.

[0175] Among the 10 peptide sequences, one peptide was
selected for further optimisation to reduce peptide length.
Shown in FIG. 4 are various peptides based on the 13-mer
peptide identified in FIG. 3 as the best performing peptide
(P7). Various lengths of peptides were synthesized and
tested for effectiveness as a substrate for proteinase K,
subtilisin and chymotrypsin.

[0176] One model peptide containing 4 amino acids was
selected to link the nucleoside and dye molecules. Shown in
FIG. 5 is an exemplary 4 amino acid peptide VLTV that is
effectively cleaved by a protease, with the nucleotide attach-
ment site and dye attachment site shown. In this example,
the dye attachment site is through a lysine attached to the
C-terminus of the peptide linker.

EXAMPLE IV

Synthesis of Enzymatically Cleavable Peptide
Linked Nucleotides

[0177] This example describes a synthetic scheme for an
exemplary nucleotide linked to a dye via a cleavable peptide
linker.

[0178] The VLTK 4-mer peptide linker was synthesized to
generate FAM-dUTP with a peptide linker. The synthesis
scheme is outlined in FIG. 6. Although shown for dUTP, a
similar reaction scheme can be used to generate all four
dNTPs.

[0179] Briefly, for attaching peptides to aldehyde-modi-
fied dTTP, dCTP, dGTP and dATP, a volume of 60 pul of
0.02M solution of aldehyde-modified dTTP (or dCTP, dGTP
and dATP) was used (see Example I for synthesis). A volume
of 40 pl of 1M Na citrate buffer, pH 5.0, was added. A
volume of 100 pl of 0.02M peptide solution in dimethyl-
sulfoxide (DMSO) was added, mixed and reacted overnight
at room temperature. The products were HPLC purified.
[0180] FIG. 7 shows HPLC analysis of modified dUTPs.
The amino-dUTP, aldehyde-dUTP and FAM-peptide dUTP,
as shown in FIG. 6, were analyzed. A DNAPac PA-100
(Dionex) HPLC column was used. The nucleotides were
eluted with a linear gradient of triethylammonium bicarbon-
ate buffer (Fluka) over 15 minutes starting from 0.025M to
0.5M.

[0181] The peptide linked dUTP was tested based on its
incorporation using commercially available polymerase in
both solution and on BeadArray™ (Illumina, San Diego
Calif.). Shown in FIG. 8 is gel analysis of solution phase
incorporation. The reaction was carried out with the com-
ponents as indicated in FIG. 8 and analysed by gel electro-
phoresis. Briefly, 300 nM 22-mer FAM-labeled oligonucle-
otide primer was annealed to 500 nM 43-mer unlabeled
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template in 10 mM Tris-acetate pH 7.5, 0.4 mM EDTA, 1.4
mM MgCl, by heating the solution to 95° C. and allowing
it to cool slowly to room temperature. Appropriate nucleo-
tides were added for a final concentration of 5 uM. A 1:500
dilution of Klenow (lacking 3'-5' exonuclease activity, NEB)
was added. The reaction proceeded at 37° C. for 30 min.
Reactions were quenched by addition of loading buffer
containing 95% formamide, 25 mM EDTA. Samples were
loaded onto a 20% polyacrylamide gel electrophoresis
(PAGE) sequencing gel and run at 60° C.

[0182] FIG. 9 shows analysis of incorporation of FAM-
dDTP on a Bead Array™. Briefly, the array was washed with
100% formamide for 1 min followed by washing 2 times
with Hybe Buffer(60 mM potassium phosphate, pH 7.6, 0.6
mM NaCl, 0.05% Tween-20, 40% formamide) for 1 min. 5
nM DNA with attached peptides containing biotin residue
was hybridized in Hybe Buffer for 30 min at room tempera-
ture. After hybridization, the array was washed 1 time with
Hybe Buffer, washed 6 times with PBI buffer (Illumina), and
washed 1 time with 50 mM Tris-HC1 buffer, pH 7.8. The
array was incubated with subtilisin A protease (1 mg/ml) in
50 mM Tris-HC1 buffer, pH 7.8 for 1 min. The array was
washed 6 times with phosphate buffered saline (PBS), pH
7.4/0.1% Tween buffer. The array was incubated with a
solution of LMM (Illumina) for 30 min at room temperature.
The array was washed 6 times with PBS/Tween buffer. The
array was imaged on a BeadArray™ (Illumina) reader.
[0183] FIGS. 8 and 9 show that 1) the peptide linked
dUTP can be incorporated onto primers with specificity; and
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2) after the incorporation, the dye molecule can be removed
by enzymatic peptide cleavage.

[0184] In addition to the FAM-ANTP shown in FIG. 6,
other fluorescent dyes can similarly be used with the VLTK
peptide linker. Exemplary flurophores include Bodipy FL,
Bodipy TMR-X, Bodipy R6G, and Bodipy TR-X, as illus-
trated in FIG. 10, or fluorescein, FAM, rhodamine, TAMRA,
AlexaFluor-660 and AlexFluor-750, as shown in FIG. 12. It
will be understood that derivatives of the fluorophores
exemplified herein can also be used, so long as they produce
fluorescent signals having desired properties to suit a par-
ticular embodiment. If desired, a different fluorophore can
be added to each of the four nucleotides such that the
nucleotides can be used simultaneously and be indepen-
dently detected. FIGS. 11 and 13 show the emission spectra
of the fluorophores shown in FIGS. 10 and 12, respectively.
As shown in these figures, the fluorophores are selected for
each of the four nucleotides so that the emission spectra of
each fluorophore are sufficiently non-overlapping so that
each fluorophore can be detected simultaneously.

[0185] Throughout this application various publications
have been referenced. The disclosures of these publications
in their entireties are hereby incorporated by reference in
this application in order to more fully describe the state of
the art to which this invention pertains. Although the inven-
tion has been described with reference to the examples
provided above, it should be understood that various modi-
fications can be made without departing from the spirit of the
invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400> SEQUENCE: 1

Leu Val Pro Arg Gly Ser
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (5)

OTHER INFORMATION: variable amino acid

<220>
<221>
<222>
<223>
<400> SEQUENCE: 2

Ile Glu Gly Arg Xaa
1 5

<210> SEQ ID NO 3

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (6)
<223> OTHER INFORMATION: variable amino acid

<400> SEQUENCE: 3

Asp Asp Asp Asp Lys Xaa
1 5

<210> SEQ ID NO 4

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 4

Glu Asn Leu Tyr Phe Gln Gly
1 5

<210> SEQ ID NO 5

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 5

Leu Glu Val Leu Phe Gln Gly Pro
1 5

<210> SEQ ID NO 6

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 6

Leu Glu Val Leu Phe Gln Gly Pro
1 5

<210> SEQ ID NO 7

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 7

Val Leu Thr Val
1

<210> SEQ ID NO 8

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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peptide
<400> SEQUENCE: 8

His His His His His Leu Leu Val Tyr Gly Gly Gly Gly
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 9

His His His His His Leu Asn Ala Gly Phe Thr Ala Ser
1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 10

His His His His His Ser Leu Ala Tyr Tyr Thr Ala Gly
1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 11

His His His His His Ile Thr Val Gln Thr Val Thr Trp
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 12

His His His His His Leu Gly Leu Ala Arg Gly Gly Gly
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 13

His His His His His Leu Gly Arg Leu Leu Val Val Tyr
1 5 10

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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<210> SEQ ID NO 14

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 14

His His His His His Ala Thr Val Leu Thr Val Ala Leu
1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 15

His His His His His Ser Gln Asn Tyr Val Ile Val Gly
1 5 10

<210> SEQ ID NO 16

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 16

His His His His His Ile Glu Pro Arg Ser Phe Ser Gln
1 5 10

<210> SEQ ID NO 17

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 17

His His His His His Leu Ser Pro Arg Thr Phe His Pro
1 5 10

<210> SEQ ID NO 18

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 18

His His His His His His Gly Ala Gly Ala
1 5 10

<210> SEQ ID NO 19

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 19

Thr Val Ala Leu
1

<210> SEQ ID NO 20

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 20

Leu Thr Val Ala Leu
1 5

<210> SEQ ID NO 21

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 21

Val Leu Thr Val Ala Leu
1 5

<210> SEQ ID NO 22

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 22

Thr Val Leu Thr Val Ala Leu
1 5

<210> SEQ ID NO 23

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 23

Ala Thr Val Leu Thr Val Ala Leu
1 5

<210> SEQ ID NO 24

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 24

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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Val Leu Thr Val
1

<210> SEQ ID NO 25

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 25

Thr Val Leu Thr Val
1 5

<210> SEQ ID NO 26

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 26

Ala Thr Val Leu Thr Val
1 5

Synthetic

Synthetic

What is claimed is:

1. A nucleoside, comprising a sugar moiety and a base
moiety, wherein said base moiety is linked to a label by an
enzymatically cleavable peptide linker and wherein a block-
ing group is attached at the 2'or 4' position of said sugar
moiety.

2. The molecule of claim 1, wherein said blocking group
is removable.

3. The molecule of claim 1, wherein said label is a
fluorescent dye.

4. The molecule of claim 1, wherein said linker can be
cleaved by a protease.

5. The molecule of claim 1, wherein said label comprises
a ligand.

6. A nucleotide molecule comprising the nucleoside of
claim 1.

7. The nucleotide molecule of claim 6, wherein said
nucleotide molecule is a nucleotide triphosphate.

8. A nucleic acid molecule comprising the nucleoside of
claim 1.

9. The nucleic acid molecule of claim 8, wherein said
nucleoside is at the 5' or 3' terminus of the nucleic acid.

10. A method for sequencing a nucleic acid molecule,
comprising:

(a) contacting a nucleic acid template, a nucleic acid
primer complementary to a portion of said template, a
polymerase and an RT-NTP under conditions wherein
said primer is extended to incorporate said RT-NTP into
a sequence complementary to said nucleic acid tem-
plate, wherein said RT-NTP comprises a sugar moiety
and a base moiety, wherein said base moiety is linked
to a label by an enzymatically cleavable peptide linker
and wherein a blocking group is attached at the 2' or 4'
position of said sugar moiety; and

(b) identifying the RT-NTP in said sequence complemen-
tary to said nucleic acid template, wherein identifying

said RT-NTP identifies at least a portion of the sequence
of said nucleic acid molecule.

11. The method of claim 10, further comprising (c)
removing said removable blocking group from said RT-NTP
in said sequence complementary to said nucleic acid tem-
plate.

12. The method of claim 11, wherein said removable
blocking group is removed by an enzyme.

13. The method of claim 11, further comprising adding a
second HT-NTP and repeating step (a), wherein said
complementary sequence is extended and said second RT-
NTP is incorporated into said sequence complementary to
said nucleic acid template.

14. The method of claim 13, further comprising repeating
step (b), wherein identifying said second RT-NTP identifies
at least a portion of the sequence of said nucleic acid
template.

15. The method of claim 14, further comprising repeating
step (¢).

16. The method of claim 11, further comprising (d)
cleaving said cleavable linker to remove said label from said
RT-NTP in said sequence complementary to said nucleic
acid template.

17. The method of claim 16, wherein steps (c) and (d) are
carried out in the same reaction.

18. The method of claim 16, further comprising adding
one or more RT-NTPs and repeating steps (a), (b), (¢) and (d)
one or more times, wherein at least a portion of the sequence
of said nucleic acid template is determined.

19. A method for extending a primer nucleic acid, com-
prising contacting a nucleic acid molecule with a nucleotide
incorporating catalyst and a nucleotide molecule, wherein
said nucleotide molecule comprises a sugar moiety and a
base moiety, wherein said base moiety is linked to a label by
an enzymatically cleavable peptide linker and wherein a
blocking group is attached at the 2'or 4' position of said sugar
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moiety, whereby said catalyst extends the nucleic acid to
produce an extended nucleic acid molecule incorporating
said nucleotide molecule.

20. The method of claim 19, further comprising removing
said label and said blocking group from said nucleotide
using enzymes.



