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When the donor is irradiated at specific wavelengths, its excited state energy is
transferred to the acceptor and dissipated as fluorescence, quenching the fluorescence
at the donor site and simultaneously increasing the fluorescence intensity at the
acceptor site. The fluorescence emission of the donor can be restored by separating
the donor and the acceptor by a distance sufficient to considerably reduce the energy
transfer.

In an alternative configuration, the acceptor group can be a quencher, so that the
energy from the excited donor fluorophore is transferred to the quencher and
dissipated as heat rather than fluorescence energy, and only a reduction of the
fluorescence associated to the donor site can be monitored.

Various molecules have been tested as donor, acceptor, or quencher, as well as
different excitation wavelengths and linker groups, so that specific combination of those
elements have been optimized to achieve the better energy transfer efficiency and
larger change in signal with respect to each specific FRET application.
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essentially by hybridization on the basis of the classical A-T / A-U / C-G base pairing
rules, making such interactions easily predictable. Therefore, FRET technologies were
developed in the field of nucleic acid studies mostly with the scope of deducing
information not on the structure but on the sequence of nucleic acids.

One or more nucleic acid molecules can be labeled at the level of two nuclectides
and, following process such as de-/hybridization and/or enzymatic modification
(polymerization, ligation, cleavage or amplification reactions), the proximity of two
labeled nucleotides can be measured by FRET. Various strategies have been
developed with respect to the configuration of the nucleic acid complex necessary to
bring the FRET labels at an appropriate distance, and improve the sensibility and the
capabilities of the methods. These assays can be performed using nucleic acids in
solution or bound on a solid support. The first approach allows the hybridization



WO 03/ 068986 PCT/ EP03/50013 3 reaction to be faster, w thout unspecific
adsorption, but the assay results generally |less sensitive than the second
appr oach, woehizobsoge ovi des neans for renovi ng unhybridi zed pPoacPes/socagi ds,
enzymes or any ot her undesi rabl e nol edul e before further processing.

Vari ous | i shed. di cuss t he approaches so far developed
on | the BRAE By bR HitRe iR rg i aderioion ot BB a4 reps cenerall ernce
especi al dgnsitive han the Qécdih@lt IO WhicH \})w%‘é@wﬂeé’r% wi“PérE\Bbrﬁ § h%ulgf] ri son
LE, 1999; l{fﬁ%m elis DA, 1999; Kwok P 2001; Didenko 8 rior

art discl AR5 §RYMESIOT aN¥Ptheriindesirahiemalraus Eefprﬁgfugtuh@up@ceemng)e
brought i nt oygfAsl rré\/Féstbécéht{))I F@ol@ﬁe& 'El?sc?.rgé b 258 é 08 o4 &eﬁoggauences

hybr| di zati on and reactions ween co enentary nuc erc acl
provi di ri§e basisiat FRETofor ifemtifyng Wg:lwldleerlrtaapred@cséqderideeeepncrajlyrvgth*arm n

t I

(Shpsy - Gristeideiolin Bt ThRhokd SBmotbE SIeRINRabE) B8, o585 Ba/Redia 08"
di f f er ent998t KaveksP¥h2e01; dbreenlpavr\/edoom) e'ﬁm‘"lpobrhan‘t discldses havaitwe dort @/e’m third

t d i teratur Ju J et
To05) . DRUESHSIRET BREEDhD FPRVAS cBRE® protight e rmSHMGY Vierr tbe Toiskni nal
nucl eot |&iﬂ/<ﬁﬂdtdr¥@ra¢ntthbrid&aGBnIaﬁdefdé@hoﬁw%ﬁiéend@ombléﬁfénbé??mu%)@”ﬁ '&%Fd' zed
and used si as priners to be paired to a target nucleic acid before
starti ngseaugg?%erﬂrf’\‘iﬁﬁg &‘@qﬂl@ﬁ@?n‘% 9@'&&’9'% nyclaic jagigst el liffierant sarigin,aibl e 3
t er mi nalpahRsigronitdhe ' dint BF Suditfing Sid RER RSt &8%oryrﬁor§ﬂrsn€svf‘§r\rﬁ§>t e ¥

used to directly sequence a nucl cid provi
pri mers a¢4al r'@fiaélﬁnmfﬁh@\ﬂ@cﬂ'or/ﬁmﬁnt@'s@@nps sagrbs omtordlfferadt strarrrdﬁ which are

el ectr 03&5%8% @acfpaﬁr%?j o? %%Weﬂ% é‘?ﬁﬁ:g ré)rgingl o @e':sggq-rq, gt?qs . single base

ext ensi noni t orl em I hvolv i ncor por ation
of the fl uor/kmrsbown mabeumeranuel (dotJ deaby1995<)l MINAISeoletulds Pddntahing | gieel ed

th th t th X et al 1997; Ch X d
Kok puBlcbord |k R e s esmiine clcieidl Snfribe siier Brarbintomal nusiasis
rreasur aliage Dokl symitenzédand aséd Smipnpal Pﬂrﬁéfé H%e bérrécﬂoeé‘%eetfrt}%'ﬂré &id

enpl ate since the distance between the two fluorophores™nakes the energy
transfer efereeiaiting: anpenvantienar saeyencing f@ﬂﬂ“pﬂl atedlngofrprre therplailable Jhen,

the ext Qé‘r%ﬁ?]l%.%c'i%trdﬁeﬁpﬁné ea{lée RRT %l’f % T’\B d‘f Q%u%@{@%&t gj g éac[tllcet 'h;

isonly Iint ormof a sin ran ree
donor ars¢quenaspaoruagio ek bahoblg ad aawdy 10 epnc\eds Lpfriinems éavirigoan gepriveti ng a
Prior art discloses

t FRE |
other ¢ QURSERRE Rt dhetiohae RBGernicas fased srbumanbiechiPlogetps. g wel
as various NFREBTSbasud: strfebase ediensidn meiifoPhg &yse MARRS théMhplate -

directed incorporation of the fluorophore -labeled nucleotide by making use of a primer
labeled with the other fluorophore at the 5’ end (Chen X et al., 1997; Chen X and Kwok
PY, 1997, Kwok PY and Chen X, 1999). The FRET effect is however measurable only
when the double-labeled primer is released from the template, since the distance
between the two fluorophores makes the energy transfer irrelevant when the primer is
hybridized to the template. Then, the extended primer needs to be dehybridized from
the template, since it is only in the form of a single stranded, free bending molecule that
the donor and acceptor groups can be at a distance sufficient for generating a
measurable intra-strand FRET signal (WO 97/22719).

Prior art discloses other technologies involving PCR or denaturation evaluation
steps, as well as various enzymes (nucleases, ligases, retrotranscriptases) and
complex arrangements of fluorophores and nucleic acids, in order to generate and
detect intra- and/or intra-strand FRET interactions (Bernard PS et al., 1998; Nauck M et
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nucleotide and the nucleotide at 3' end in the primer has been optimized for the scope

of the invention, avoiding any further processing following the base extension.

The methods can be used, either in solution or a solid support, for applications
requiring the rapid and precise identification of a nucleotide in a specific position of a
nucleic acid, such as in genotyping, as well as to characterize nucleic acid

polymerases and molecules interacting with these enzymes.

DESCRIPTION OF THE FIGURES
Figure 1 illustrates one of the embodiments of the invention, wherein a single pair
of template and labeled primer molecules are exposed to two distinct single base
extension reactions, each including a different labeled nucleotide.
Figure 2 illustrates one of the embodiments of the invention, wherein different
template molecules are exposed to the same primer molecule and single base
extension reaction including two, alternatively labeled nucleotides.
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variants of ApoE alleles, as defined in Figure 4, are the boxed and bold nucleotides in

the templates sequences. The nucleotides in the tested primer sequences modified
with a FRET-generating fluorophore are underlined and bold.

Figure 6 provides a comparison of the fluorescence intensity monitored in real-
time after the addition of a DNA polymerase and either a complementary (dATP -Cy5)
or not complementary (dGTP-Cy5) labeled nucleotide to the hybridized molecules
(SNP1fT / P1r-t4). The curves were generated by interpolation of the measured data.

Figure 7 shows the increase of fluorescence monitored in real-time after the
addition of an exonuclease to a sample containing the double labeled complex
generated in the experiment represented in Figure 6. The curve was generated by
interpolation of the measured data.

Figure 8A and 8B provide different representation of the data monitored in real-
time on the DNA polymerase preference for the unlabeled (dATP) versus labeled
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to the conplenentary

extension reaction involving alternative templates for SNP2 and a labeled primer (see

Figure 5), as measured using the appropriate FRET filter. TMR means

Tetramethylrhodamine, while (+) and (-) stand for, respectively, positive and negative

nucleotide, according to the definition given in figures 4, 5, and 9, or Table I.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel FRET-based methods allowing the direct
and specific detection of a nucleotide incorporated, after a single base extension, in a
nucleic acid complex, comprising a primer and a template molecule, by making use of
two fluorophores, the first one linked to an internal nucleotide of the primer molecule,
and the second one is linked at the 3’ terminal nucleotide of the primer molecule. This
FRET-compatible arrangement of the two fluorophores results from the single base
extension of the internally labeled primer molecule hybridized to the complementary
nucleic acid sequence in the template, followed by the exposure to a nucleic acid

polymerase and to an appropriate fluorophore -labeled nucleotide precursor. The FRET
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e) allowing the nucleic acid polymerase to perform a single base extension at

the 3’ end of the first nucleic acid; and

f) monitoring the incorporation, or the absence of incorporation, of the
nucleotide chemically linked to the second FRET-generating fluorophore
using a FRET-based analytical technology.

In the sense of the present application, the terms “first nucleic acid” and “second
nucleic acid” are equivalent to “template” and “primer”, respectively. Template and
primer molecules are usually distinct molecules but, exceptionally, can belong to the
same molecule, for example in the so-called “hairpin” or “hammerhead” structures,
where a single stranded molecule has a 3' end sequence is complementary to an
internal sequence and can therefore work as a traditional primer.

Naturally occurring or non-naturally occurring nucleotides may be present in the
template and in the primer molecules, but they have to be compatible with nucleic acid
polymerase and the labeled nucleotides used in the following steps of the invention.
Usually, the template is a genomic DNA, complementary DNA, recombinant DNA,
RNA, or mRNA, which can be directly purified from cells, amplified using Polymerase
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det ect alfOshaskBMycatdtbaithaly’ gh@ups suitabl e as donor/acceptor probes are
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unpaired position are enough to guarantee the specificity and the stability of the
complex, the FRET is still detectable.
Many chemical groups suitable as donor/acceptor probes are known in the
literature, such as Texas Red (TR), Tetramethyirhodamine (TMR) , Bodipy-TMR,
Cyanine dyes (Cy3, Cy5), or Alexa dyes (Alexa 594, Alexa 568, Alexa 546). These
groups can provide a FRET signal when irradiated at the wavelengths comprised
between 428 and 650 nanometers using lamps and filters working in this range. The
suitable fluorescent groups can be covalently bound to the precursor nucleotide or a
primer by making use of the reactions and of the optimization protocols described in
the examples or known in the literature (Glazer AN and Mathies RA, 1997; Hung et al.,
1997).
The examples demonstrate that particularly efficient donor/acceptor combinations
are the ones having Texas Red as donor, and a Cyanine Dye molecule, such as Cy5,

as acceptor. Other possible donor-acceptor pairs covering intermolecular distances
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the accc?gbeqed nuclgcrme eearlr? l r¥ accep%or si e on nue é] l’fgrlmei\r%l nucleot|de or in the opposite
conformation. Even if the number of combinations tested in the examples is limited
when compared to the variety of fluorophores described in the literature, any
combination of donor / acceptor fluorophores which shows a measurable FRET effect
can be used. However, a specific approach can be preferred in certain applications.

For example, if the complex is generated in solution, the donor is pr eferably
located in the internal position, and the acceptor is preferably linked to the nucleotide
incorporated as 3’ terminal nucleotide. In this way, being the precursor is in molar
excess to the internally labeled primer, the fluorescence change before and after the
single base extension due to FRET effect is larger and more easily measurable. In a
typical experimental set-up, a single stranded DNA primer internally labeled with Texas
Red is hybridized with a template, then a DNA polymerase is added toge ther with a
Cys5 labeled nucleotide precursor. The analysis of the FRET signal after the single base
extension can confirm the presence of a nucleotide complementary to the incorporated
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samples have to be analyzed and high throughput technologies need to be applied. An
important application is the generation and the analysis of nucleic acids immobilized
onto a discrete area of a solid support, wherein each discrete area corresponds to a
template or a primer having a specific sequence. For example, nucleic acids
immobilized on a solid surface can be provided in form of microarrays (Cheung VG et
al., 1999) or DNA colonies ( WO 96/04404;, WO 98/44151; WO 00/18957: WO
02/46456).

The methods of the invention are compatible to commercially available FRET-
based analytical technology like multiwell plates, fluorometers, fluorescence
microscopes, CCD cameras, lamps with beam regulation, image analysis software .
Interferences or other problems are possible but the necessary adjustments and
materials needed to maximize the efficiency of the analysis are well known in the art.



I obilized on a solid surface can be provided in formof mcroarrays
(Cheung VG et al., 1999) or DNA colonies ( WO 96/04404; WO 98/44151; WO
00/ 18957, wD3/0688616456) . The nethods of the invention arepcorgras/sohe to
commercia |Ily avail abl e FRET- based anal ytical technology like nmultiwell

fl 0SCO camer as mps with
Beam r equl at |'Shere st LRI PEEIE BF tiRdPEnion F el i BasC ybisiFmiongnsbl ors
ar e posspdiyreededtioh hjbnﬂmeﬂs saeyw@rknsriTRhe Iﬁék(étur@f’ése\héﬂh%l %ﬁfjs W\/\E

rraX|mzetheef| I en of the analysis are well known in ear
03/ 068988 "PESH Geihods1af theanuentioanf sheyr de m@t rhet/ﬁcmgpemes loe featueast i on,

as wel | élé’@lbeﬁie‘ifeHMQr '\Aﬂt'hzaffRET %ﬂglor p@hi’ﬁﬁéti@%%ﬁrﬂeﬂ?ﬁ@ ti P&s I%\E H

known in the literature as eir variants can uged®
net hods fBrrephere izkeaked sucleptide dyphasphates Hél\Té’sp)ramweﬂll &5 deoxyremhucleetnde

I I T riz For exanpl e,
{1 or o ASphBldse SNt ), 8 (oRRGhRboREuile b es “flothey in B¢
deoxyr i bRbeaen e2s iptecurseisphoshrdakeled dafiPs)sednih dhelemﬁymgbzﬁnmgl F@ddtldﬁsd .

h ho cursaors.to be | abel ed and use
in Uno. poryiars S600IRS ARLpTmerateE ihidy o5 BF skl e mrsenbovomoras
whi ch céfukaeyatiseahd Prokerypie ONA polyvitsthséy) whitl caﬁUKérW"fe& fAdie dRiigksr yoti c
DNA pol yner%ses whi ch can be%r?lurlﬂed from cells or cloned and expressed

inare rﬂl‘ffte’%&?s@ﬁ\'f‘ﬁeﬂ: bipgntsysigm (Pederd)B etrdle 1998) e base ext ensi on
reaction shopfed sﬁgfét Bhde hferz %Hctr@ﬁ%ﬂbﬂﬁt é&ﬂalﬂf thepégJVéE?rc%ﬁﬁ)’mé;féﬁ d&lrret hyl

aci ds, and | abel ed nucleotide as well as other conpounds, suc

sul f oxi ROIYMINBES,, NUBHRIE 96T dSe rach |ﬁb®a¢}nnﬂd@lm ;asomell\/gﬁbﬂ’)erlﬂwmuhd? bﬁJchCI e
at s
concent oy SeBHPRAMRE (OIS HolinbYoghrt ABUETS 85aF o ekl kapie 5
exanpl e, effenm/mlncslueportmgl tte apbﬂngn@‘rtas ehoser&ptﬂ’?%emﬁcelyggrém crizgﬁhldsehgatlons
Gooxyr 1 BTLEREAT ineer PRRSSERANE cy AuRaRx o LOMTA o theaUEIep RS hat o
(the | at;iog/rme;raee ii$ 2 ENA WoRnérasé ardetie’ Rdcibdtide Riked ?d‘gréé {:&%FRET-

el ongation). The nethods of the present invention provi

i nf or mat9°HRrAATL hdlUPERRNRR s iDf A s élgg¥yydwnuplestide saltﬂﬂl”@Sﬂhaiﬂ itoresalts
form t heyiddoxpritsHiRldoB8e %pﬁ héte {Eﬁ% Biflone dgqggﬁdwﬂé'lg it gtdaeg&g)f%%é s nal e

base extension reaction usin el c acl mer ngate
t he pai ﬁ@Mfurthﬂr@lmeatlgn) abel ed prinmer, and a | abeled nucleotide precursor.

The generat '1?1% r%th%dg R'f?trhedgl:[e%%talgxllgnt%% rowée rgl%%Pdlsnfngn%rtTl]o% b)% the variants
of a sequence into a sample when it results form the incorporation of the 3’ terminal
labeled nucleotide by a single base extension reaction using a nucleic acid
polymerase, able to elongate the paired, internally labeled primer, and a labeled
nucleotide precursor. The generation of a FRET-detectable complex depends from the
presence of a nucleotide complementary to the labeled precursor. Therefore the
comparison of fluorescence signal before and after distinct reactions in which different
labeled precursors are present allows the identification of the nucleotide present in the
unpaired position at the 5 of the nucleotide paired to the unlabeled paired 3’ terminal
nucleotide of the internally labeled primer. However, the primer should have a 3’
terminal sequence large and specific enough to allow the correct pairing of the primer
immediately in 3’ to the nucleotide to be identified. Some basic situations can be
summarized as follows.

If the single labeled intermediate complex obtained by the hybridization of
primer and template is exposed to two distinct single base extension reactions, each
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sane single base extension reaction. |s way, l1ysis of
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et r amet loy QyBaaTiexes Red.dOfEr combinations that can be used with Texas Red as donor
fluorophore with Cy5 as acceptor fluorophore, are T etramethylrhodamine as donor
fluorophore with Texas Red as acceptor fluorophore, and Alexa 546 as donor
fluorophore with Texas Red as acceptor fluorophore.

The methods of the invention can be adopted in any application needing a fast
and reliable identification of a nucleotide in a nucleic acid, and in partic ular comparing
the possible alternative bases in a specific nucleotide position in different samples or
across a population, and associating allelic variation typical of a genotype to a
phenotype, such in the case of single nucleotide polymorphisms (SNPs). The methods
of the invention allow the identification of a single nucleotide polymorphism or mutation
in a template potentially containing the polymorphism or the mutation, the position of
said polymorphism or mutation corresponding to the first not hybr idized nucleotide in 5’
of the sequence of the template hybridized to the primer.



fl uorophore with Texas Red as acceptor fluorophore, and Al exa 546 as donor
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extension reaction in presence of a’polymerase or a termna rans¥erase
and nuclapprerfiatelyiintarally diteeled prisveds dasdtriedshy thet presentl inwentiot drothe DNITPS.

The bl d | ti W ary,
it or S ERREIAEE B PREEHORRG= F B IR R B Al teirie et
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identifications of positions wherein specific mutations are significantly associated to
altered phenotypes, or help the identification of samples containing the variants known
to be relevant (Carlson CS et al., 2001; Kwok PY, 2001). The present invention
provides an alternative solution to the problem of identifying this information expressed
or genomic DNA sequences in order to identify haplotypes, or specific SNPs,
associated a disease or to other relevant phenotypes.

The methods of the present invention allowed the characterization of primers and
template models for genotyping two polymorphic sites of the human ApoE gene, in
particular in the case of the variants associated to codons 112 and 158. The methods
show to be readily amenable to both solution- and solid phase-implemented high
throughput format, in isothermal condition and with no other enzyme or manipulation

needed. Furthermore, the real-time monitoring of specific nucleotide incorporation can
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Another condition is that the labeled nucleotide(s) incorporated after the first one are

separated by a number of nucleotides making not exceeding the distance from the
internal fluorophore needed to achieve a FRET signal for the chosen donor / acceptor
combination. Moreover, if the totality of precursor molecules is labeled, the nucleotides
incorporated after the first one alter the fluorescence profile of the complex in a non-
linear, limited way, due to collision-related and/or self-quenching problems. A way to
avoid such limitation is to provide, at each extension reaction, a mixture of unlabeled
and labeled precursors to a large number of internally labeled primer /- template
intermediate complexes (WO 98/44152). Even if all such intermediates are potentially
extended, only a limited proportion will be FRET-detectable, while the rest of
complexes are still available to be modified into FRET -detectable complexes by a new
elongation reaction. The fluorescence variations measured at each round of elongation
result more linear and more easily measurable.
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| abel ed or unl abel ed, or for
EXAMPLES
EXAMPLE 1: Materials & Methods
a) Mathematical models for FRET analy sis
The distance (R) between a donor and acceptor fluorescent group to generate a
FRET signal is calculated by Forster's equation (Férster T, 1948)
R=R, (1/E -1)"°
wherein Ry is the distance for 50% transfer efficiency E. R, is calculated in
Angstrom [A]) using the following formula

R, =9.786x10° (x*n"*® ,.J)/5 [A].
wherein:

«* is a geometric factor that accounts for the relative orientation in space of the

donor emission and acceptor absorption transition dipoles. If both donor and acceptor



screeni ng nodul ators of nucl eic acids pol ymerases. EXAMPLES EXAMPLE 1:
Materials & Methods a) Mathematical nodels for FRET anal ysis The di stance
(R) bet wewo 08/06898©r and acceptor fluorescent group to gen@CatRPOHSO0FRET
signal is cal cuI ated by FOrster's equstion (Forster T, 1948) R= Ro (1/E
-1)16 wherein di tance for 50% transfe ff|C|enc E. ROis

cal) cul at @ thn teAﬁQontpr' ;fi')m HEIGSgMEAR sf‘B”?roW?HdF‘?i'mﬁjﬁﬁa'R fluorescence

=9. 786X 183(sKidR- ggmtmwes{eﬁcasmﬁé@wzg}gz is a geonetric factor that

accounts for the relative orientation in space of the donor em ssion and
accept or abshr gttherefracingindexofdng olediim betweenthe dnoer amtitrecacepptor, and

03/ 068986 PCT/ I%sogéeﬁ'pt%i(én tc}ﬁe(‘\la\?orw g:arjr@ggropl cally within tinmes much

shorter than th I me scal uorescen em ssion, as in the present
case, then K@Dasthbiﬂlonorqeamtbm yieltir acti ve i ndex of the madl um bet ween t he
donor and the acce en taken to be 1,3 for DNA sanmples. 'D

i s the donorY qlfa® eepﬂtﬂeﬁpﬁgtrgl ‘W@H@BP@Wﬁent?@'S§B@&Heﬁtru6\f§rth%tﬂoﬁ%rt ween

eni ssi on spectémr@faasbmt@a&@ctrm%fm@a@mﬁ%u%rr%essﬁd »of the acceptor
and corresponds to: A) FD(A) VdA 0 FD(A)dA [cnBM 1] wherein: ?, is

the wavel ength in centingtenS, gé&))zh éggdr;{ 391 f]I uorescence of the

donor at wavel ength ? nornabd z’é I'n the 'nomnator. EA ( ?)
is the absor\%é,%ﬁ]of t he acceptor at vvavel ength ?. The previous fornulas,
when applied'to the fluorescent |abels used in t he exanpl es, provided the

fol |l ow ng re?sulsttaewda'eleg tineéhtimetargn coefficient for Cy5 of 250, 000
Mlcm 1l at its maxi mum o? absorption (Schobel U et al., 1999), the overlap
integral J flr (WHe the aprected fyorassanag of thesdaner etmavelength beognalizedity 3

cnBM 1. The or dNTP-Texas Red was 0.29, in agreenent
with the repo%agﬁtgg?ﬁyhghgf %tO%'Panchuk-Vol oshina N et al., 1999). The

cal cul ated val(ue isthd%bsmmwin?éf&he acceptor at wavelength A.
The previous formulas, when applied to the fluorescent labels used in the
examples, provided the following results. Using an extinction coefficient for Cy5 of
250,000 M"cm™ at its maximum of absorption (Schobel U et al., 1999), the overlap

integral J for the couple Texas Red-Cy5 was calculated to be 8.4 x 107" ecm*M™". The
quantum yield (®p) for dNTP-Texas Red was 0.29, in agreement with the reported
value of 0.27 (Panchuk-Voloshina N et al., 1999). The calculated value of Rp was 57.6

A. The efficiency of fluorescence energy transfer (E) was quantified as the fractional
decrease of Texas Red donor fluorescence due to the binding of Cy5-labelled acceptor
and was expressed by E = 1 - Fpa/[Fp where Fpa and Fp are the relative yield of
fluorescence of the donor in the presence and absence of the acceptor, respectively.

The extent of quenching was calculated using an Excel macro command by fitting
the resulting spectrum with donor and acceptor alone spectra using the equation:

R=D(Q)+A (l)

where D, A, and R are the donor, acceptor and resultant spectra respectively and
Q is the quenching factor of the donor fluorescence and | the increase factor of
acceptor fluorescence after incorporation of the Cy5 labeled dNTP. The efficiency of
quenching of donor fluorescence is defined by E=1-Q.



A. The efficiency of fluorescence energy transfer (E) was quantified as the
fractional decrease of Texas Red donor fluorescence due to the binding of
Cy5- | abel Wed3mesvept or and was expressed by E = 1 - F DA PoTvPes/e00kDA and
FD are the relative yield of fluorestience of the donor in the presence and
absence of the acceptor, respectively. The extent of quenchi ng was

cal cul ated using an Excel macro command by fitting the resulting spectrum
W th dortgr quEg‘eQﬁﬁ'hQésaJ one spectra using the equation: R=D (Q + A (1)
where D, A and R are the donor, acceptor and resultant spectra

respect i vel yPrahas apditemplatesqusastinithe following experimentshave beendlesigneda and |
the inc 0, r t he
Oy5 1 abee e 4B fufirFRhdlpobldiBhins RGeS ARNK, (B RR N Kobe ¢
defi ned SﬁQHBNGQﬂ\MdQﬁb@@B@NISXHREPG&bSMlBOZMQ SEQ IDING.e2)uences Probes

and tenpl ate he | ex nment s ve been desi d.on the
sequence of %%O?E%r?aﬁ g%voqr? r%tp BOAB'BE'PV R/%?_roﬁ\%g m%ag II'f(.’5‘3)396
SEQ I D I‘i@'nthb)yzedd))plthﬁ iver bé&\MlSSFrRéHé\a@canwon tH@&ﬁréﬁh THiet |dre NRee2)najohpOE

was di scovered aa $| asma protein involved in |ipoprotein netabolism
synt hesi'SABMY PheAPYR erEh i3, &fk0 WaigR %%amﬁyrqrwa{'herqnfafﬁenteq“hamnaﬁte
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resul t feubsfitotiong é b &rst Suistsotide twithins then twoe:ofdonst(thucﬂ et legeling tchthe t he
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Lo Lot R R S Mo RO AR ol Rys RN SO SRS AR Bl T
t he nuniiee lezger seglebestie theendmiberirgyiand By sadinefor mgmrriectatmné iaoid pokition( or
158, excluding@the | eader sequence in the nunbering) E3 allele is the

nost prg@a(% 8, exgluding Yig deades srauence in thepurgberingd TﬁSﬁﬁ@"ﬂ'&d%"lﬂWPé‘r ent
Charges A@ﬁtmﬁlg]@gfedf'&rﬁcﬁgltﬁre%'élfeﬁé‘?&ﬁ?sshé\}bHﬁ‘ﬁrérﬁ'tcﬁé 58 emﬁhgot her

proteln ectrophoretic nobility, are as
speci fi cdepemwlelchf@eread:esefnr thet istesantionawitrabther arateins arfd mcthel@ed:tmphbrdtaevel S

oar L1 cul e Al SR PePlertid 3RRG huReldha FrREtenalie o8 Fistboscot  de

t enpl at ehokssteror lev@lsdn wsmades cmmaedsulérh@sémerm@ ApoE rodedisntaefibié and
SNP2 of the hupan Ag 8 ne and used to denpnstrate the wutility of the
met hods RAUGURIYY F“é’ ted for\alidatinghgenstyprin@ Aathedsng singl e base nutations. The

Egrmlhat e SNFéﬁan(Jér%@na& Mehpiadtes| BnB2phRterd1aNbRY ddifgrvRd Wi dthe C QB4 GSRRNAI NT
surrounding SNP1 and SNP2 of the human ApoE gene and used to demonstrate the
utility of the methods of the present invention for identifying single base mutations. The
template SNP1fT (SEQ ID NO: 3) is 62-mer having the sequence corresponding to the
nucleotides 407-468 of the forward strand in the €2 and €3 alleles. The template
SNP1fC (SEQ ID NO: 4) differs from SNP1fT for the nucleotide substitution T to C in
the position corresponding to the nucleotide 448, specific for the ¢4 allele. The template
SNP1rA (SEQ ID NO: 5) is a 59-mer having the sequence corresponding to the reverse
strand of nucleotides 428-486 in the €2 allele. The template SNP2rA (SEQ ID NO: 6) is
a 61-mer having the sequence corresponding to the reverse strand of the nucleotides
566-626 in the €2 allele. The template SNP2rG (SEQ ID NO: 7) differs from SNP2rA for
the nucleotide substitution A to G in the position corresponding to the nucleotide 586,
specific for the €3 and €4 alleles. The primers used in the examples are un-/labeled 20-

mers which are designed to be complementary to the sequence 3’ to the target
nucleotide (Figure 5).



nucl eoti des 407-468 of the forward strand in the E2 and E3 alleles. The
tenplate SNP1fC (SEQ ID NO 4) differs from SNPLfT for the nucleotide
substi t utwor3ed9ss C in the position corresponding to thepoampressiode 448,
specific for the E4 allele. The tenplste SNP1rA (SEQID NGO 5) is a 59-ner

havi h th d_of | eot
426 486 1 (WSRISG OTPRICSFNBe BRIl A A PERS (ot SV TIREZS8 PYNdcr Ry - o

havi ng tbﬁ/lt§%ﬁfgc¢llﬁ&é§@é‘?ﬂ NEbRGd Q;n@&%dl&x@ésgroﬁe@a%r@fs riSedizted @Rt i des
566-626 in the E The tenpl até SNP2rG differs’from

SNP2r A fEgHrogemntec ﬁ%@gw)uwgﬁragﬁarﬁmh%nwawl@ Wﬁmlﬁw paiee tq aygilability of
8 d 4 | es.
cor eSPORARG R bBERNR, AiiBrRO s SRARI 18 (L slbRofde Ao cptled
desi gneheneyer thenigbelingnisaatythe deveh of saqgotental raicleotide lie thea preser. An@ebley){ i de
Fi 0 [ EPO 3 . Q] j cleoti

{ el at davmider ioRERCaR CETisac S pobffier ToBels ke At ARy 8

Fl uor escsgntHeyls: abeﬁieacﬂmm_ergtfhacﬂllﬂmesm:]mmﬁgesay\mdd_ y ESMDLMSI"?@J dnty post -

E t I SINL f an osphor an e.chem str

v LapirireigaRt cSleStd SR ah Gkl S R e kit GRYSeR Erasenbioh
nucl eot iglesdupe h@.b@hﬂirﬁ&ogmpqwmpn@) Iméecbugaauuéotadest\h@rel cﬁyse:hvéafmarco

internal nucleotide in the primer. A deoxy - %@ dine, nodified at
19

usi ng armidiMaler sedium berate AR'éﬂ 3hagt pniinadnean mgf {1R8 men@s.aﬁdof t he
ta%!fs W t

g;ln'[rﬁtrat | caﬁ’ % L{%{/@’Sﬁgﬁpé_ ol rﬂﬁﬂlpgot | dg&&t?gagtﬁpféggﬂhgﬁi ﬁg‘ﬁrae%%”s“é‘ phase

hi gh prisg@poee RREOOI Gty (ﬂi’@xbdr apmy PerRin: BPNeD).. Tfﬁhd)lmﬂryggradlehtausedimsmer e

conaont 10ER 5ol b THRA s BT HMGRAR Festa b & et Seniie pee
1090; He3y ehdl Easicted!)ofedt lalcetbnwnbh/ anmotavaer A@mmnu@sRF&IBWedcﬂ\iB §%20x2. 1

Per ki n El t used was base
(L ot cStantTe diminke et 10 failhias) Fhe tRoEhals deened iat dna davglengfinor

consi st eohaddmaers et &mabaeé SigBHLEeSR AR HISYbETé HdvRIBRIDY: Fho

acetonitrile / mnute over 10 mnutes. The traces were recorded at the
wavel endranogtetersor flupnesaenty kﬁbﬁtﬁd s8iMRle®| ed ol i gonucl eot i des and al so at

the wavel e”%jhtﬁési? urificaf ana s‘ama sn% brﬂ{)e?&?ﬂhkl\é 'tlﬁ?gl ed sanpl es. c)

Synt he5| catfon an ed nack des The | abel ed
Cytidi ne and]'ridr |Idh>e1ed nnglldmel des lquadel nud:léetldﬁsarusbesmrtbe examplesi atel y

vl | o0l AR e (AR5 ATSIRe! Tendad RARbdhne arichSatiifs uoee
nucleotides used in the examples have been prepared starting from dATP and dGTP
aminopropargy! precursors (AP3) commercially available (NEN).

Fifty nanomoles of dATP(AP3) or dGTP (AP3) were dissolved in 475 microliters of
NaHCO; 0.1 Molar (pH 8.4), then added into a vial of Cy5 monofunctional reagent
(Amersham), and mixed thoroughly. The labeling reaction was allowed to proceed at
room temperature for 14 hours. The reaction mixture was then diluted to 2 milliliters
with TMACI (tetramethyl ammonium chloride, 0.1 Molar, pH 7.5) and subjected to ion
exchange chromatography purification at a flow rate of 2.6 milliliters/minute on a 2
milliliters column which was filled with DEAE-SebhaceI (Sigma) and equilibrated with
10 milliliters of TMACI 1 Molar (pH 7.5), followed by 10 milliliters of 0.1M TMACI (pH
7.5). The reaction mixture was loaded onto the column and washed with 40 milliliter s of
TMACI 0.1 Molar (pH 7.5) to remove excess of hydrolyzed reagent. The product was
eluted with TMACI 0.2 Molar (pH 7.5) and fractions (each 1.5 milliliters) were collected.
Fractions containing the labeled product were identified by UV -visible spectroscopy,
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from each dye without the interference from the other one, it is preferable to achieve a
difference as large as possible in wavelength for their maximum emission. Furthermore
lamp performance was also considered.

For example, the advantages for the couple Texas Red/Cy5 selected and its use
in fluorescence microscopy arise from three observations. Firstly, the lamp profile of
the Arc-Mercury lamp is well suited for the donor irradiation and little direct irradiation of
Cy5 is observed using the FRET filter set. Direct irradiation of the acceptor at the
excitation wavelength of the donor is usually a source of noise implicating further
corrections of signal. Secondly, little fluorescence is detected with the FRET filter due
to the donor alone and autofluorescence of the system is minimal for the FRET filter set
up due to the separation between excitation and emission wavelengths. Thirdly,

corresponding fluorescently labeled precursors are commercially available.
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Intermediate, non-FRET detectable nucleic acid complexes are formed by mixing
equimolar amounts of template and labeled probes in TMN buffer (40 mM Tris -HCI pH
7.5, 20 mM MgCl,, 50 mM NaCl). The solution is heated 3 minutes at 95°C and cooled
to 20° at 1°C/minute followed by dilution with the polymerase buffer (40 mM Tris HCI
pH 7.5, 20 mM MgCl,, 50 mM NaCl, 0.1 mg/ml BSA, 6 mM DTT, 20% DMSO (v/v))
Two samples are typically prepared and compared for demonstrating the correct
enzymatic incorporation of labeled nucleotide by single base extension (Figure 1). In
the first one, the labeled nucleotide is the one expected to be incorporated at the 3’ end
since it is complementary to the target site (positive sample), and another in which the
labeled nucleotide is not complementary to the target site (negative or misincoporation
control). A 5-fold molar excess of the two possible dNTPs for the target site to be
determined are added, followed by the addition of 25 Units of T7 Sequenase (US
Biochemical; 13 Units / microliter) and the recording continued for 1 hour. Alternatively,
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according to the literature (Adessi C et al., 2000).

Briefly, 5' phosphorylated templates were prepared as 1 microMolar solution in
10 mM 1-methyl-imidazole (pH 7.0; Sigma Chemicals) containing 40 mM 1-Ethyl-3-(3-
dimethylaminopropyl)-carbodiimide (EDC; Pierce). 25 microliters of oligonucleotide
solution was added per NucleoLink well (NUNC), and incubated at 50°C for 2 hours.
The wells were then washed three times (1 minute each) with 5xSSC buffer (0.75 M
NaCl, 75mM sodium citrate pH 7.0). Texas Red labeled primers were diluted in TMN
buffer at a concentration of 0.5 microMolar and incubated with template -functionalized
NucleoLink tubes using a Peltier thermal cycler (PTC-200, MJ research). The
temperature program applied was; 2 minutes at 65°C, 1 min at 63.5°C, followed by a
1°C decrease per minute up to a final temperature of 20°C. The tubes were finally
washed 4 times in 0.5xSSC (1 minute per wash) and twice with 5xSSC before
measuring fluorescence emission.

The intermediate complexes covalently linked to the support were incubated with
25 microliters of a polymerase buffer (40 mM Tris HCI pH 7.5, 20 mM MgCl ., 50 mM
NaCl, 0.1 mg/ml BSA, 6 mM DTT, 20% DMSO (v/v)) containing 5 microMolar dNTP
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the original sequence and generating a mismatch (as for P1r-t series). Thus, the effect

of internal fluorophore was studied not only in optimal conditions (perfect matching
between primer and template), but also in sub-optimal conditions (labeled nucleotide
not complementary to the corresponding nucleotide on the template). Unlabeled and &'
labeled primers were used as controls. In the latter case, however, a distance
corresponding to 19 bases is unfavorable for obtaining a FRET signal in the double
stranded configuration.

The effect on the stability of the nucleic acid complexes resulting from the single
base extension was studied by generating denaturation curves of the templates when
hybridized with the probes of equal length but labeled in different positions. The
transition from the double stranded complex to single stranded molecules is
measurable in solution as a shift of the absorbance at 260 nanometers when the
melting temperature (Tm), which is proportional to the strength of the complex, is

reached.



conprised between 1 and 19, so that it was possible to nmeasure the FRET

i nteraction in a double stranded configuration for a discrete range of

di st anceswolyesodé ne was chosen as internal nucl eotide tedrEpoab@ied which
can be naturally present in the sequsnce (as for PIf-t and P2f-t series),

or obtai ned by repl aci ng ot her nucleot des I gi, nal d
gener at i ng 4n @tXWﬁ?'cﬁﬁ(p@H@eﬂb@ §lytign %%‘:tq'%@? Iﬂ?el'ﬂﬁélﬁe ghéﬁég‘fﬁg?‘g%ggg\%’s?gpnal
f 1 uor ophp %}?Shé;at é’d’l&%ﬂ@tfr&ﬁ' 20°ia" u9pfd BBtC GANdk! it of (B8PE g5dr MmUE Ng

between pri an tenpl ate but also in sub-optinmal conditions (Iabeled
nucl eot inRASURDY tb@mbsewb@nceuay 268 mamnaeserrse@ﬁmdﬁhﬁgalha@ceéﬁ i the dm value

tenpl at a%aesl&ﬂ%]c? mgvggcﬁ%gﬁlet of a&gbﬁgcr|@5tlda§r30§eh§r WHETHRS PR dlfidendyn t e

| atter ance Fespon ases s un avgr abl e
f or obt aheasugedh uERETpamtg/leaand negétcwed&hb:ktensuems aardedpodad iiguradle bnlhesiee

Gingl o vBuiea PRl e alerabei Rut B Sy dredl S cR DGR HhleMrlER %, e

t enpl at emleddestheryde indicated. Wit h t he probes of equal length but |abeled in
different pqsitions. The ira sition fr mthg dﬁ{f‘:blﬁ str nde lex to
Qi the; diffe

single strandiicoppausaneef e ¥_lyes mblained eglnfia,te '"fq{e

absor banggprt HRfve MLMBEChTcI¥BeAtid h:%mm@JeTsI f&uﬁlﬂgﬂ%rﬂt eehyorMizatiohi sth i s
proporti onal to the strength of the comp ched. WD 03/068986

(I;’CT/b :EPO3$@1@Q,33ISQ@WMC@Wpﬁﬂgdﬁpb%@(@éﬁtﬂmﬁ ami tgbﬁléplamd asadugtioniy Trmef
o] d d
ubl e shi gpg@ C@%g&ﬁfﬁa‘ﬁ@? to $hadyithbdled &Rt & tr%tsé‘,r iaied g.mzegg,%&ht o 80C

at the rat neasuring the or bance nanoneters
duri ng tsmeweld!thprsacesIm MithiT rep(pedlmentaheaeu)r Eadr fherotbac houpiep ok templates

ol igonucl egtides, together with the FRET. efficl

poSi t i v@f‘gﬂabﬁséﬂ?hﬁg ﬂef&?%ﬁ&i‘%tr?@ et 'é‘“s%% 4 nge%ﬁf"#e@s%%nﬁéeé%onval ues
r epr esengf thEeTmVﬁ?élaél%érﬁ&Uﬂnbatﬁd & theamstabelydeor e ey Ilamecalprlmers This

det er m nati ons, ss ot herw se indicated. The co

Tal ues, GBPRedhatineaRelisPr JPket 19 DR Tde i 45 COCHIRPILRERHAES Pt t he
nucl ei c |ﬁfe'rfg{é:w %Qsd%ﬁéyli Blﬁttyf rOmd e eriafli - b@ﬁp@meﬂté@ehéﬁéled

m smat ch cont ai ni ng -16, and t9) displayed a réduction in
Tm of ahnﬂﬂotlmemteﬂenswmmaedupt% stamhtmnnlawelaémted way.t he 5' | abel ed

B e SPEEY sPHBn oG, Rohab P SAATE oty i) pefiimad

I ntr oducgshg theegapnevasuplos bﬁbmbeetandaemgtatemfor edhidhhtte Tdanaturatiormbieme easpar ed

to the udneltg‘rmeilneec(ij, \(A)/irth ttﬂg aEi)rln tloaggeneti ptr1e ex en't o-lf_kﬁusorescence signal variation for
labeled probes upon duplex formation and to real-time measure the quenching of donor
emission after incorporation of acceptor (Cy5)-labeled dNTP complementary to the
target site SNP1 or SNP2. The extent of donor quenching by FRET for each internally
labeled probe was calculated from their spectra. All the expe riments were performed
with the two possible labeled dNTPs, the positive (the one that should be incorporated)
and the negative (the one that should not be incorporated) ones, clearly demonstrating
the method allows to discriminate correctly the incorporated base by making use of the
Texas Red quenching values. The fluorescence emission was recorded before and
after the single base extension .

Satisfactory results in terms of quenching efficiency have been obtained when

the Texas Red labeled thymidine was from 1 to 12 nucleotides far apart from the 3'
terminal nucleotide to be extended with the dNTP -Cy5. This result appears to be not
affected from the decrease of the duplex DNA stability due to the mismatch-associated,

internal fluorophore in certain primers. The more intense FRET effect and the better



suggests that the label itself linked to the nucleotide via the C6-am no

| i nker does not interfere with the duplex stability, while an internal non
- conpl emewpaBsyedsabel ed nucleotide interferes with the duplcexpss/sbild ity
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m smat ch="assocl uoro in certarn pri
i nt ense added tofd ea]hplervm&rbehéneh'lglfr baye %éﬂﬁ@ﬁ&@siﬁ@ﬁ'/réﬂﬁ@hﬁﬁom SNH’1ﬂé/t | 0

bet bt th t t b
reasur o M ERGIZe CoPhEoh Rl ole iedkaarsor & ndbrs, Aliel S FRISANT ¢ he
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experlnents were performed in solution to better characterjze th&p{lmer

ext ensi dANARRYMeIase pwhiehagearn edradingdhe, erNesPhondated 4 o itae strap
moni tori ééb%Wﬁe \I«Eﬁtalm%f Rlcofelding |trshﬁ|tl%ltﬁ@b¥ﬁ% FRETeR4 aacongla'ﬁu@r%' de

conpl ene aryto phic site 1 n SNPL em ssion signal of the
donor deafr dides elosovef slplahal pﬁhxm‘aitw of r benidesosaapeptor fpaihearising deamd#e s not

corrplerren ry. taq suych site (Fi gpr 6. In order to further confirmthat the
measur ed" edﬁ%%%ﬁﬁdﬁ}%ﬂgb qEW@F gi) ‘transfer fromthe |abeling of the
sanme nol ecul AnotAdr aspeenBttidfRl by tiee means obreav»mepaohmm@duaﬂfe prefexbhed i ne

phosphatase (5 units) was added to a sanpl e where the gl e q(ah
ext ensi off ipojyneragator iaheledyersus urigpsle npcleotldes in order 19 check how the

methods of the invention work when different ratios of labeled and unlabeled
nucleotides are applied. The analysis of the signal (quenching of Texas Red by FRET)
observed after such extensions with these mixtures provides a simple, precise and
rapid method for measuring the nucleic acid polymerase preference, since the extent of
quenching of Texas Red is proportional to the degree of incorporation of dNTPs-Cy5
following primer extension.

The kinetic of incorporation was measured by real-time monitoring for different
mixtures of dATP-Cy5 and dATP, containing from 0% to 20% dATP. At saturation
values, it can be seen that the increase of the content of uniabeled dATP in the mixture
result in a decrease of fluorescence (Figure 8A). The same data can be represented in
linearized form if transformed as a function of the ratio [dATP)/[dATP -Cy5 + dATP]
using the equation [100/Q]-1, where Q is the value of Texas Red fluorescence
quenching at saturation for a given mix of labeled and unlabeled dATP, expressed in %

(Figure 8B). The slope of the linear function reflects the enzymatic preference of the
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for defining the m xing proportions in order to incorporate the desired
pr opor t i ©@¥P) &% P1esBBY ed f| uor ophores by primer extension using

The previous experiments demonstrate how the methods of the invention can
allow, in a direct and reliable way, the discrimination of single b ase extension reactions
associated to a polymorhypic site in solution, also when the primer contains a labeled
internal nucleotide not complementary to the template. This information is obtained
applying simple conditions, i.e. the same required for the single base extension. For
example, the FRET effect can be directly measured while the reaction proceeds, at the
same temperature, or at end of the reaction, at room temperature. This represents a
clear advantage over prior art (Morrison LE, 1999; Chen X et al., 1997; WO 97/22719)
which teaches more complex requirements, such as conditions leading to the
denaturation of the double stranded structure resulting from the hybridization of
template and primer molecules after the single base extension, two or three primer

molecules, or additional reactants and further manipulation of the samples.
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(see Figures 4, 5, and 9).

Equimolar amounts of templates pairs, each representing a specific genotype
(SNP1fT and SNP2rA for €2, SNP1fT and SNP2rG for £3; SNP1fC and SNP2rA for e4),
were mixed and immobilized on a solid support before being hybridized with
fluorescent primers P1r-t9 and P2f-t7, each selected for detecting a specific variable
site (on the forward strand for SNP1 and on the reverse strand for SNP2).

Each dNTP-Cy5 was assayed for T7 Sequenase incorporation in an individual
well in triplicate copies. Measurements have been taken before and after extension
with each possible dNTP using the fluorescence microscope with the donor filter and
the FRET-specific filter, and calculating the ratio of the signal obtained using the filter
FRET in respect to the donor filter. The increase of this ratio is then plotted as a
function of the added base giving a 'finge rprint' for each genotype with a highly specific
signal (Figure 11). The signal obtained for negative bases is at the level of expected

values for misincorporation of dNTP-Cy5, usually between 5 to 15%. In the €4 example
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same facilitating the process of genotyping using this approach (see Figure 3).



with different fluorophores was evaluated in prinmer extension reactions

i ncl udi ng the
SNP2 ( SNPRI0@30689SNP2r A) ,

sane | abel ed priner
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together with differently | abel @edTrmrob/smis des
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Fi gure 13B).

t he sane nucl eotide (Cy3, Al exa 546
Al'l conditions and materials provid
tenpl ate, denonstrating that different

Tet r amet hyl r hodam ne;
hle:=l expect ed

i ndication on the
conbi nati ons_of fl uorophores,

tenpl aties, and prji ners are| aiidddtidesf 1 ective and pr eci.,:gga'lge' dentify|ng the
i ncor pgr Fleafplataucl eot i de. [Theepuratiigous expgl,i rent ﬁugﬁéﬂ? Mi@iﬁc)how t he
met hodg ofitatde® | nveRtimen cgandosdramdbe| p ngi)med usi ng tenplate nol ecul es
i rmobi ||i mesdeotidep |Sol i d suppordcceptopl ying ~éSsentially the sane c i ons
and crilteria shown to be woflkpraphores $ol uti on, Ia;a‘f“'*?}f“i‘?eba‘"‘E’a qugk‘f?g??% i ng
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PCT/ EPQ3/ 50013 2&1Fabl e 1| Nucl 5 TeRASD | Nénpl atle sePdtating Tm
(, © quenching effficrency 2 (target—Primer dognor —and (> 3) nuctepti de)
accept ar fl uorophagresid Posj tiveldbase) | (NGRS ve baNd) N. N.D-77.50.5
N. A N|A o\B 91978605 N D—SNPH-T—4—6840-50-64(A—0-—13 (0
(T) PL|r-t} tfrf4 66. 60. 5 0474 (A] &B.99.5 a4 At 9 9 6G.1206)5 0| 68 (A
0.05 (© PI} N, A—?1- 905 N-A—N—A—-SNPHA AP 4 +—74—% 5 (T)
0.10 (¢ (A Plf|-4}Q10 7[L.5° @ 67 (T)6606405 (C) 0.RR(A) 66.051G)2 N| A.
N. A S$NP2r A P1f -419-19-66160—+FN B—~A)
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' h=1

2 Calculated using intensity at maximum emission

wavelength of 560 nanometers.

N.A.: not applicable

N.D.: not determined

wavelength with an excitation
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18, 1191-1196 (2000). WD 03/068986 WIEPSOS/ 50013 30 CLAIMS 1 A nethod
for identifying a nucleotide in a nucleic acid by neans of Fluorescence
Resonance Energy Transfer (FRET), conprising the follow ng steps: a)

rovi di a first cleic.,acid containing the nucleotide to be identified

!On a sin'%gl E'\eﬁ%ﬂ%{éj’& "f%ﬁ' yé'?QTﬁﬂ“&P?oE?e lr\egé‘f‘dﬂ? ‘i%‘égﬁé??q’ﬁrpfi':‘é‘?rﬁﬂ‘?%et he

nucl eoti de R@ohan&éisnéigfyiﬁangfeﬂmp@r)ss@msms% tHERAGWIng!sfeds? 3° to said
co

nucl eotide; b) providing a second nucleic aci nmprising a single stranded
3' end conemd¥PYAiNG: B fitsidusisif asid €optaining the nueleptids ta be idantifiedninedi at el y

in 3 to the nug Lk LAetd L ; ! E e i ng
fl uorophore i mgg@:sgggd%ﬁgﬁgfgtrﬂﬁﬁéﬁq %ﬂ(:lg%etdﬁ% oér?@bﬁzﬁci%ﬁﬁg%e@ﬁ%@@f ar
apart from the 30 betidentifiedianaibe sequetsedmmeriiatelyén Shid saidt hedleotintel d; c)
aeid wheroh ¢ uoUBhotACs G HEGRE: U SuRefihp idlel bl BB Che
oast a nucl ot ide chont cal Ly 11 pked 1o & Secane ERLT doner e by o &
fl uorophore; e) ! ?I%ﬁ?ﬁﬁid?ht@ H%dﬁ%’i‘l}&'egciaagp%ﬁ'&ﬁe’?@gg'g%‘g%%qrfgo}'ﬂqrgpg?rﬁgI e
base extension ainked ¢ adiucittidefioddied fromst t e hakleofiddstrar ap&rt frbni i 37or i ng
the incorporation, or the absence of incorporation, of the nucleotide

chemi cal | y | i nkdarmipatnicletideff spidsecgedhBrelgicgid| uor ophore using a
FRET- based aal YikAgbineh . 0 SALE0 oL
first ESRET- g ﬁer tlﬁﬁgl | u%?g%ﬁ%?detr%ssﬁ-gpﬁﬂerﬁg'tcié%dag&nﬁg%@?ijr?zle c‘):géé gélafe romé4

to 10 nucl eot i deshdrain thpaaequencarinimediately &r 8 toadaid nudketide dandifie daublesecond

nucl eic acid. 3. as ained in claiml1 or 2, wherein the first
FRET- generati ng Stéf‘g%@ggﬁ@waﬁé“’a fl uorescence donor site and the second

FRET- gener atd)ng adding a nucleic acid polymerase and at least a nucleotide chemically
linked to a second FRET-generating fluorophore;
e) allowing the nucleic acid polymerase to perform a single base extension at
the 3’ end of the first nucleic acid; and
f) monitoring the incorporation, or the absence of incorporation, of the
nucleotide chemically linked to the second FRET-generating fluorophore
using a FRET-based analytical technology.

2. The method of claim 1 wherein the first FRET -generating fluorophore is linked to
a nucleotide located from 4 to 10 nucleotides far apart from the 3' terminal
nucleotide of said second nucleic acid.

3. A method as claimed in claim 1 or 2, wherein the first FRET-generating
fluorophore is a fluorescence donor site and the second FRET-generating
fluorophore is a fluorescence acceptor site.

4. A method as claimed in claim 1 to 2 wherein the first FRET -generating
fluorophore is a fluorescence acceptor site and the second FRET -generating
fluorophore is a fluorescence donor site.



fl uorophore is a fluorescence acceptor site. 4. A nethod as clained in
claiml1l to 2 wherein the first FRET-generating fluorophore is a

fl uor escewoasaesvept or site and the second FRET-generati ngpCii/rRrPos/s@hdre is a
fluorescence donor site. WO 03/0689881PCT/ EP03/50013 31 5. The net hods of
claim3 or 4 wherein the fluorescence donor site is a Texas Red or Al exa
594 nol ecul e and the fluorescence acceptor site is a C yani ne Dye

mol ecul &. 6.ThEeetmets ofisladh 3cdred whareh the eesdigmce idNbl sits BS$ Fagas Regept or
site is Texas ,Red,_agnd the fluorescence donor site is 3, _

Tet ramet hyl CRAIEHH 783 BPIeRls, a3 48 TUPTeSRenER RSAeRIET SR el G YN Ve t he
previ ous cl ghéeeuiherein two or nore seco nd FRET-generating fluorophore
are used, each associated to a specific nucleotide, and wherein each
second FRET-generating fluorophore generate a FRET effect distinct from

the othgr ORGES i | i i Gt AaL0s,
wher ei n%t he F R}E%%gﬁ:?fg %I%@ ?’fﬁ%@ggg?tg'gnﬂaﬁg%‘%{g%érc}é;clc%ﬁlyisﬁgza T'te?jégﬁe
nucl eot i des Resl, rapdathesfiupreseence rdanor site i\ Gy, hietrassetbyldiadacine, emflexd t he
previ ous cl §i4gs, wherein the 5 end of the first and / or the second
nucleic acid s linked to a solid support. 10. The nethod of claim?9
wherein the link is a non-covalent link. 11. The nmethod of claim 10

wher ei n7t he Iingﬂoi@i a_coval ent Iitné. 12.. The method of clains 10 or 11
wher ei n "l A e B glaimgd nany of g REPVIgHS ?'ﬁ@’s'é‘@%ﬁ'ﬂ WRITdNereace Nér e
i mobi | i zed FRETganéHatRg AliGropherR &t BeBObhch 8sRRIEd tB Ape¥hE hBLIBoRRED
di screte area corresponds to a first or a second nucleic acid having a
speci fi ¢ seqhdnvereinzeachrecepd F&E boeperating fipomgpapes gereratenadiRE T efiedtds

i mmobi |i zed 4 i are provided in the formof mcroarrays or
DNA col oni eﬁ'f?ﬁ%%@?ﬁg{gpggg S?'ai med in any of the previous clains,

wherein the nucleic acid polynerase is a DNA pol ynerase and the nucl eoti de

1 or opfior o ) SRR GRS AU St NSk S Wi te ¥ RETIE RN

di deoxyr i bomiuciophbiedeart ichpfissli dihked to the nucleotides using a C6 amino linker.

9. A method as claimed in any of the previous claims, wherein the 5’ end of the first
and / or the second nucleic acid is linked to a solid support.

10. The method of claim 9 wherein the link is a non-covalent link.

11.  The method of claim 10 wherein the link is a covalent link.

12.  The method of claims 10 or 11 wherein multiple copies of the first or of the
second nucleic acid are immobilized onto a discrete area of a solid support, and
wherein each discrete area corresponds to a first or a second nucleic acid having

a specific sequence.

13. The method of claim 12 wherein the nucleic acids immobilized on a solid surface
are provided in the form of microarrays or DNA colonies.

14. A method as claimed in any of the previous claims, wherein the nucleic acid
polymerase is a DNA polymerase and the nucleotide linked to the second FRET -



15. A nethod for the identification of a single nucleotide polynorphismor
mutati on using the nethod of any of the previous clains, wherein the
second nuwbasos@séd s a nucleic acid nol ecul e potenti al lrgTEPOS/800m3 Ng t he
pol ynmor phismor the nutation, the parition of said pol ynorphi sm or

Sequence of PRS0 Bphde JIs o'a BEboiMEBRICbats CHRERRN R c e ke o
16. The net idkoxyrilsdraictactife wiygtosphatehe second nucl ei ¢ aci d conpri ses the

sequence corresponding to the codons 112 and/or 158 of human ApoE gene.
17. A method for evaluating the extension properties of nucleic acid

pol ymer ases A eRiidd fortbe adéraifibagbrobf 8lsaigs n@nclb@tiéélpoﬂyﬁworﬁh@ﬁt &oghutationt he
eval uation of the preference of nuclejc acid polynerases for the sane

nucl eoti de MIEW thﬁtﬁ'é?tead &f aRyRf thepRiexiPUE SlRINE sWhegrel et srsendmugieis agid 1 t o
14. 19. A nmgd hodh feRiic %@%b@ﬁul@?kﬂeﬁ@f cgfwté}xﬁ%‘?h Ogﬁl'fy £M”%F ARES

conprising the nethod clai ns quenC|ng
nucl ei ¢ aci dautaidvittr pEsitieon pheaigmohwaryPaisMCerantiation tcorreimnd‘im,g tontbe first

conpri sing %gh

repeating the syeps &g?t@GQFOFﬁg e%ﬁ%ﬁé?h m.%JerﬁW‘:?%&%E@A‘?Y&? d?leﬂgl e

nucl eoti de pothensecohd swislearagidit ati ons conprising at | east a nucleic acid
having an internal nucleotide |located from1 to 12 nucleotides far apart
fromthe 3' termnal nucleotide linked to a first FRET - generating

f1uor Opherem@W@tﬁb@%eclanﬁ'16the¢éi$wtthélsééb‘ddaﬂldléi@aélhw'rgﬁlsbgtrll Seqpdnce @
second FRET-generating fluorophore. WO 03/068986 PCT/EP03/50013 33 22. A

kit for the C@V&qu'%todhetcﬁéo%‘é(ﬂé%éﬂgfﬁr pppEhumar ApPEraesieei ¢ aci d

pol ymerases, conprising at |least a nucleic acid having an internal

nuci eotide located from1 to 12 nucleotides far apart fromthe 3" term nal
nucl eot ilde A method foraevtaluatingFiRETextepsior muopearties lof ug|eim aeidapalymerdseast a

nucl eoti de . Ly Linke nd FRET-generating fluorophore. 23.
A kit for t%gﬁ@/'gﬁhgﬁrﬁwagfoqtckimgﬂ (e;I(ra'ence of nucleic acid polynerases for
t he sane nucl eotide when | abel ed or unlabel ed, conprising at |east a

nucleic (17 wg anln er nal nuclr%rcﬁ)etldelocatedfromlto 12
nucl eot i’ %\"Pﬁ?ﬂ? E”\er% yation of thq prefgraase AlRYGRIEAGK Pelyrewmses far ther st

FRET- gener alshie Aldtiae e 18BS1edlor hBA3Abéled comprising a method of claims 1 to
14.

19. A method for screening modulators of nucleic acids polymerases comprising the
method of claims 1 to 14.

20. A method for sequencing nucleic acids according to the method s of claims 1 to
14, further comprising the removal the second FRET -generating fluorophore and
repeating the steps d) to f).

21. A kit for the identification of single nucleotide polymorphisms or mutations
comprising at least a nucleic acid having an internal nucleotide located from 1 to
12 nucleotides far apart from the 3' terminal nucleotide linked to a first FRET -
generating fluorophore polymerase and at least a nucleotide chemically linked to
a second FRET-generating fluorophore.



nucl eotide chemcally linked to a second FRET-generating fl uorophore.
kit for screening nodul ators of nucleic acids pol ynmerases conpri sing at
| east a woaBebswsaci d having an internal nucl eotide | ocat edTiRPOSE@®1S O
nucl eotides far apart fromthe 3' tesm nal nucleotide linked to a first

98 el R R RN oBifle Ahen 8RR prBpBiHEL TTLERICEE celjmerabbd) < ©

FRET- ge
a secon

23.

24.

comprising at least a nucleic acid having an internal nucleotide located from 1 to
12 nucleotides far apart from the 3' terminal nucleotide linked to a first FRET -
generating fluorophore and at least a nucleotide chemically linked to a second
FRET-generating fluorophore.

A kit for the evaluation of the preference of nucleic acid polymerases for the
same nucleotide when labeled or unlabeled, comprising at least a nucleic acid
having an internal nucleotide located from 1 to 12 nucleotides far apart from the
3' terminal nucleotide linked to a first FRET -generating fluorophore and at least a
nucleotide chemically linked to a second FRET-generating fluorophore.

A kit for screening modulators of nucleic acids polymerases comprising at least a
nucleic acid having an internal nucleotide located from 1 to 12 nucleotides far
apart from the 3' terminal nucleotide linked to a first FRET -generating fluorophore
and at least a nucleotide chemically linked to a second FRET-generating
fluorophore.

24. A

12



