Office de la Propriete Canadian CA 2828535 A1 2012/09/07

Intellectuelle Intellectual Property
du Canada Office (21) 2 828 535
S-FnZL%?QéSQZna " mfgt?yn%yaﬁ; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/02/28 (51) CLInt./Int.Cl. C72Q 7/68(2006.01)

(87) Date publication PCT/PCT Publication Date: 2012/09/07 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2013/08/27 TRANSGENOMIC, INC., US

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: US 2012/0269383 RICHARDSON. KATHERINE. US:

(87) N° publication PCT/PCT Publication No.: 2012/118802 LEGENDRE, BENJAMIN. US:
(30) Priornités/Priorities: 2011/02/28 (US61/447,490),; SHI, YANGGU, US
2011/09/09 (US61/532,887) (74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : TROUSSE ET PROCEDE DE SEQUENCAGE D'UN ADN CIBLE DANS UNE POPULATION MIXTE
(54) Title: KIT AND METHOD FOR SEQUENCING A TARGET DNA IN A MIXED POPULATION

Denature at §5%¢
3Rt an

HEY

%&&W AN RN A,

- L R T N
PUBRELIRN G Nt it

WPV fhtgu-oXga e
ih grcpsnd -~ o,

;“'" Preferentially y 18  gp HEEE

. seguence specifio | . N

HPV straln {}%mw N

\- e detited To

™
AR AR RN B T«& SRR 1’{}5 s e YQB S R R %\3?\& P e
& wa y

%“!i\%:%?gag ehiwiivesc- PRI L5 I 3 S0 ﬁ R ay BRI

Readucs ismparaturs

i i 1288 DA T 3¢ R S
TG Seusnuing prihas s
SEXIRIE ncoen 14 Aungakng 14 BB, et
3 4 - . - - _ .
I B g HEHE IR 1GA o BRY
FWisaher WA Blgsdizivoldes o Syvin Segnansing s TTRASSPELTR BAYTES CONPLISENTARY
TELHA'S I BLESHEY
BPY by RLRRIN, T A0, S RTRITNG st GERAHR 90T SEERENCES
esesormiTencorod SHBSPRATE 01 TAE FERD A0 VR
STRAW-SPREFEAREE e SEQRE S RRINE R

(57) Abregée/Abstract:

Methods and kits for sequencing a target DNA seguence In a sample having a related reference sequence are provided herein. In
particular, kits and methods for sequencing cancer and cancer therapy associated mutations are described. Also provided are kits
and methods for detecting mitochondrial mutations and for differentiating between closely related viral strains.

SN

N '{b@ VNN NEE

Y 7 7
‘a .’~

C an ad a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C CIPO
OPIC - CIPO 191 ST




woO 20127118802 A9 | {110 AN AV O 00 AR S LR R LR

CA 02828535 2013-08-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

CORRECTED VERSION

(10) International Publication Number

WO 2012/118302 A9

7 September 2012 (07.09.2012) WIPQOQIPCT
(51) International Patent Classification: [US/US]; 710 Sutfield Drive, Gaithersburg, MD 20878
C120 1/68 (2006.01) (US).
(21) International Application Number: (74) Agents: VANHEYNINGEN, Tambryn, K. ¢t al.; Andrus,
PCT/US2012/026938 Sceales, Starke & Sawall, LLP, 100 East Wisconsin Aven-
(22) International Filing Date: ue, Suite 1100, Milwaukee, WI 53202 (US).
28 February 2012 (28.02.2012) (81) Designated States (unless otherwise indicated, for every
. . , kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, C4, DE, DK, DM, DO,
o DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(30) Priority Data: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
61/447,490 28 February 2011 (28.02.2011) |ON KZ. LA, LC, LK, LR, LS. LT, LU, LY, MA, MD. ME,
61/532,887 9 September 2011 (09.09.2011) Uus MG, MK, MN. MW, MX, MY, MZ, NA. NG, NI, NO, NZ,
(71) Applicant (for all designated States except US): TRANS- OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, 5C, 5D,
GENOMIC, INC. [US/US]: 12325 Emmet Street, Omaha, SE, 5G, SK, SL, SM, ST, SV, 5Y, TH, TJ, TM, TN, 1R,
NE 68164 (US). TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and (84) Designated States (unless otherwise indicated, for every

(75) Imventors/Applicants (for US only): RICHARDSON,
Katherine [US/US]; 12325 Emmet Street, Omaha, NE
68164 (US). LEGENDRE, Benjamin [US/US]; 16603

Edna Street, Omaha, NE 68136 (US). SHI, Yanggu

(534) Title: KIT AND METHOD FOR SEQUENCING A TARGET DNA

Figure 1

Densfurg et fgegy 70 T ONRIMAVARREEIETS |
P"wi& co
KOOI T2 1Y M} ’ E }{}
ACAARATRTANAATAANMANNY ég:ig{g; SR JERSRLENS \'ne»: _
B Ty Sl W&T AR _- :
T PR NOTRR TEERR TN -3
%P‘S fabtsraalga Ly AT S
ﬂt‘ $X¢$$M 'J-"“""" | N&“'\\
N ?!i"it i&&&h -
" Preferentiaily .*;s-;ﬁ' 18 iy
sequ‘e’nce spémfm
' \ HPV sirain ﬁ,ﬁ-'
B 2 -_‘4,._.:‘"“\.‘ “
S “\ R \\-?Qf\\ 3@ \ 1{}8 T ?QB \.\\'\.\x xxﬁﬁgf\ '5&
PRy B Mﬁm&{tr "
§ &a@@:‘& R ;ﬁa P }iﬁ 1§ ‘IB LSS SASABSS . ?O w_“i SRR AN

Raducs s rrpa***ture

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on next page]

IN A MIXED POPULATION

(57) Abstract: Methods and kits for se-
quencing a target DNA sequence in a
sample having a related reference se-
quence are provided herein. In particular,
kits and methods for sequencing cancer
and cancer therapy associated mutations
are described. Also provided are kits and
methods for detecting mitochondrial muta-
tions and for differentiating between
closely related viral strains.

A

Denalureat
detined Te

CRRY \

PN S 3 o -.é%':" i o . 128 v \ "Ezﬁ ‘
o 0P sequeny 1g RS
" e % o i’] } -

SELR craresn 14 Annealing Caneoed

AR LITAI AL . Y N ' . VRS
VI o M1 TR HOA oy SRR
?gk‘_\ o L ‘.:0 "i“‘ : ‘ot-\.\ b e 'C-\x“%&).";ﬂ-& wi"}?'.:‘i 1Q R RO ?2&:%3: sf" é?f iﬁ. ﬁ;i&g 03&? 1&8 b.?W?

e
*‘IF}'iﬁbiﬁv BLSNE O SLISD CO¥TANT ATRAKG QT gyﬁ;ﬂ:ﬁf A

erxensemnnseser et PR BLPRATE FN TS 3‘“‘""19 &N%

STHAR-APSLH I LNR Mirowa . SEOVEN DN REINES



CA 02828535 2013-08-27

WO 2012/118802 A9 IO A0 00 AN A

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, (48) Date of publication of this corrected version:
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, 18 July 2013
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

15) Information about Correction:
N ML. MR. NE. SN. TD. TG). ( .

ON, GQ, GW, ML, MR, NE, SN, 1D, TG) see Notice of 18 July 2013
Published:

—  with international search report (Art. 21(3))



CA 02828535 2013-08-27
WO 2012/118802 PCT/US2012/026938

KIT AND METHOD FOR SEQUENCING A TARGET DNA IN A MIXED
POPULATION

Y

This patent application claims the benefit of priority of United States Provisional
Patent Application No. 61/447 490, filed February 28, 2011, and United States
Provisional Patent Application No. 61/532 887, filed September @, 201 1, both of which

are meorporated herem by reference i their entireties.

10 INTRODUCTION
The mvention pertains to improvements i DNA sequencing target DNA
sequences i mucleic acid samples contaming other reference sequences. The reference
and target sequences may be closely refated, e.g. the target sequence may be an allele of
the reference seguence, a motated form of the reference sequence, or a reference
15 sequence from a separate stram or species. In particular, the mvention relates to use of a
blocking nuclete acid duning a DNA sequencing reaction to block sequencing of the
reference sequence, but not of the target sequence.
PINA sequencing allows for identification of a specific DNA sequence by using
sequencing pruner specific for a particular region of a nucleic acid. The method 15 very
20 powertul and rapidly provides sequence mformation as long as the sequencing primer is
specific for only one sequence in the sample. A commouly encountered problem in

sequencing 15 when the population of sequences 18 muixed, such that the sequencing

priner alfows for two sequences that cannot be properiy resolved. The need to wdentify

and sequence a target sequence m a background of related reference sequences persists

with newly developed sequencing methods.

SUMMARY
Kats and methods for sequencing a target DNA sequence i a sample having a
related reference sequence are provided herein. The kits include a sequencing primer that
3 s complementary to a portion of one strand of the target sequence and the reference

segquence and a blockmg nucleie acxd {BNA) that s fully complementary with at least a
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portion of one strand of the reference sequence and is not fully complementary with

erther strand of the target sequence. The sequencing primer and the blockmg nuclewe acid
are complementary to the same sirand of the reference sequence and the blocking nuclewe

actd 1s blocked at the 37 end such that 1t cannot be extended by a polymerase. The kits

may also nclude labeled chain terminating nucleotide triphosphates.

in another aspect, kits for amphfving the target sequence and sequencing the

above, these kits also include a 57 -phosphorylated amphification primer that does not bind
the same strand of the target sequence as the sequencing primer. The kits may also

include lambda exonuclease to degrade the amphification produact comprising the 5°-

phosphate.

In vet another aspect, methods for preparing a target sequence 1 a sample for
sequencing are provided. The methods include adding the sample having a reterence
sequaence and also suspected of having one or more target sequences to a DNA
Sequencing reaction mixture to form a reaction mixture. The DNA sequencing reaction
mixture mcludes a sequencing praner and an excess amount of g blockmg nuclere acid.
The blockimng nucleic acid 1s fully complementary with at least a portion of one strand of
the reference sequence and 15 not fully complementary with either strand of the target

sequence. fhe blocking nucleie acid 18 blocked at the 37 end such that it cannot be

extended by g polymerase and both the blocking nucleie acid and the sequencing primey

are complementary to the same strand of the reference sequence. The reaction mixtige

suspected of having the target sequence 1 subjected to a first denaturing temperature that
18 above the melting temperature (1,,) of the reference sequence and the {arget sequence
to form denatured reference strands and denatured target strands. Then the temperature
of the reaction nuxture 18 reduced to permit formation of duplexes of the blocking nucleic
actd and the complementary reference strand and heteroduplexes of the blocking

segquence and target strands. The reaction nuxture 15 then subjected 1o a enitical

temnperature (1.} sulficient to preferentially denature said heteroduplaxes of the blockmg

nucleic acid and the complementary target strands, as compared to denaturing duplexes

of the blocking nucleic acid and the complementary reference strand. The temperatwe of

the reaction mixture 18 then reduced to permit the sequencing printer 10 anneal to free

i
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target strands and free reference strands in the reaction mixture. Finally, the sequencing

primer 1s extended {0 generate extension products winch are capable of bemg analyzed to
allow deternvmation of the nuclewe acid sequence of the target sequence.

In still another aspect, the target sequence may be amplihied using PCR prior to or
simultaneonsty with the sequencing method described above. In one embodiment, one
strand of the amphified target sequence may be selectively degraded. Suitably, the
degraded strand 1s the strand complementary to the sequencing primer. In one

embodiment, a 3 ~-phosphorvilated amplhification primer 1s added with the sequencing

ampiified target sequence comprising the 3 -phosphate can be degraded by incubation
with lambda exonuclease.
Other embodiments and advantages of the mvention may be apparent o those

skitled i the art upon reviewing the drawings and the following detatied description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 118 a depiction of the methods described herein,

Figure 2 1s a set of sequencing electropherograms of K-RAS G112V and wild-type
DNA using a reverse M13 pnmer. The sample contams §5% wild-type and 15% GI12V
mtation DNAL

Fipure 3 15 8 set of sequencing electropherograms of K-RAS GI12V and wild-tvpe
DINA using a forward M13 primer. The sample contains 85% wi ld-type and 15% G122V
mtation DNA.

Frgure 4 15 a set of sequencing electropherograms of K~RAS G12R and wald-type
DNA after mmttzal {ee ~COLD-PCR of K-RAS G12R followed by BLOCker™
sequencing with the reverse blocking nucleic acid (BNA) and reverse M13 praner. The
mitial sample for the PCR contains 99% wild-type and 1% G12R mutation BNA. The
top panel shows the results of a reaction contammg 0 nM BNA m the sequencing
reachion, the second panel shows the results of a reaction contamng 50 nM BNA |, the

shows the results of a reaction contaming 1) nM BNA.
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fi-%7iig1;11fe Sigasetof -ﬁe-q;uﬂnici‘ ng e Iﬁec-fﬁf@phemgmms of K-RAS GI2R and wil d?i?}{;‘}&

.

with the forward BNA and {forward M13 primer. The mitial sample tor the PUR contains

99% wild-type and 1% GI2R mutation DNA. The top panel shows the results of a

reachion containmg O nM BNA in the seguencing reaction, the second panel shows the

results of a reaction contaming 50 nM BNA the third panel shows the results of a
reaction contaming 75 nM BNA and the bottom panel shows the results of a reaction
containing 100 nM BNAL

Figure 6 i3 a set of sequencing electropherograms of a mitochondrial mutation
usmng reverse primer and reverse BNA as described in Example 4.

Frzure 7 15 a set of sequencing electropherograms of HPVIR and HPV4S mixtures

asing the HPVISF BNA {(BNA tiiration from 0 - 73 nM, Tc of 75.3 °(C).

Figure 8 15 a set of sequencing eleciropherograms of HPVIER gnd HPV4S nuxtures
using the HPVISF BNA (BNA concentration of 75 nM, denaturing temperatire {(1¢}
from 74.2 - 80.0 °C).

Figure 9 1s a set of sequencimg electropherograms of HPVIR and HPV4S mixtures

using the HPV45F BNA (BNA titration from 0 - 75 nM, denaturing temperature (T¢) of

76.3 °C),
Figure 10 13 a set of sequencing electropherograms of HPV 18 and HPV4S
nrxiuces using the HPVASF BNA (BNA concentration of 50 aM, denaturing teniperature

(Tch from 74.2 ~ 80.0 °C).

Figure 11 18 g set of sequencing electropherograms of HPVY7 and HPV 36

iaa ™

mixtares nsmg the HPVS0F BNA (BNA titration from 0, 536, 75, and 100 oM, denaturing

te*frszermt;ire {Ic} of 73.3 ""‘C}. The dark h .ighiighted portion allowed the ai:i_gmnem of the

}mrti-om are those where the sequence dri.f*f.’ie:rs between HPVS6 and HPVOT,

Figure 12 15 a set of sequencing electropherograms of HPVS6 and HPVYY

tixtares using the HPVO7EF BNA (BNA titration from 0, 36, 75, and 100 oM, denaturing

temperatare {Te} of 733 °C). The dark highlipghted portion of the sequence allowed the

ahgnment of the maxture withont the BNA to that of the expected sequence resull. The
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jﬁghtar hi gﬁhiighted }}m_‘tim‘lﬁ* of the sequence are those where the sequences differ between

Figure 13 18 a set of sequencing electropherograms of HPVS$6 and HPVO7

mixtares using either the HPVOTE or HPVA6F BNA (BNA congentration of 735 nM,

denatanng femperature (e} of 73.3 () as compared to sequencmyg without a BNA. The
differences mn sequence between the two stramns are highlighted.

Pigure 14 1s a diagram showing the lce COLD-PCR and BLOCker sequencing
strategy including the primers and BNA used for amplhifving and sequencing a small
amount of the K~-RAS exon 2 mutant in the background of & large amount of wild-type K-
RAS. The bolded sequence is the K-RAS exon 2 coding region. The two italicizad
regions imdicate the forward and reverse primer iocations used in the first round of the
PCR. The underlmed sequences mdicate the locations of the forward and reverse primers
used m the ICE COLD PCR amphlitication reaction. The region in parenthesis indicates
the sequence of the BNA with the anderlining () indicating the positions of
mcorporation of an LNA. The sequence m hight gray mdicates the location of the
SeQuUeheIng primer,

Figure 15 15 a set of sequencing electropherograms of BRAF exon 15 showing
decreasing amounts of the VOOOE nutant m the background of wild-type DNA as

detected after ICE-COLD PCR, BLOCker Sequencing or standard Sanger sequencing.

The arrows indicate the location of the VGOOE mutation and the himit of detection of the

mutant 18 circled.

Figure 10 15 g set of sequencing electropherograms of BRAF exon H showing
decreasing amounts of the G409A mutant in the background of wild-type DNA as
detected after ICE~-COLD PCR and BLOCker Sequencing. The arrows indicate the

location of the G469 matation and the himit of detection of the mutant is crcled.

Kats and methods for sequencimyg a target DNA sequence m a sample having a
related reference sequence are provided herein. The kits and methods allow for

sequencing of a target sequence m a background of related reference sequences by the

L
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addition of a blocking nucleic acid during the sequencing reaction. The kits and methods

described herein may also be combined with PCR amplification.

The kits and methods desenbed herein may be used iy a vaniety of situations in
which one wants to identifv a target nucleic acid from withia a mixed population of
sequences with some sequence homology. In particular, the kits and methods may be
useful for mutation analvss, i particular somatic mutational analvsis, and can be used to
identity cells or subjects having mutations related to, for example, development of
cancer, prognosis of cancer or simall molecule and biologic drug efficacy, mosatcism or
miochondnial myopathies. For other potential apphicathons of this method for somatic
anitaton analysis, see, for example, Erickson RP. {2010) Somatic gene mutation and
human disease other than cancer: an update. Mutat Res. 705(2):96-106.

In the Examples, assays for detection of mutations in K-RAS and BRAF known to
be associated with cancerous transformation of cells and an assay for detection of
mutations m mitochondrial DNA associated with development of MELAS
{ Mitochondrial Encephalomyvopathy, Lactic Acidosis, and Stroke-lke episodes) are
demonstraied. The mecthods and kits may also be used to wdentify other tvpes of low level
mitochondrial heteroplasmv. In addition, the methods and ks are usehul for determining
strain or species designation m a potentially mixed population, such as during an
mfection. In the Examples, human papilioma virus {(HPV) strains 18 and 43 or strains §7

and 96 were differentiated in @ mixed popuiation. The methods could also be used

wdentify antibiotic resistant mutants developing durimg drug treatment of an mfection,

such as in a viral e.g., HIV, or bactenal infection. Those skilled in the art will appreciate
other uses of the kits and methods descubed here.
Fig. 1 tHustrates preparing a target sequence for sequencing i accordance with

the methods and kits of the present invention. To begin {(Fig. 1, step 1, upper left corner),

the mucleie acid sample contamns a double-stranded reference sequence 10 {(e.g., a wild-

-

type sequence) and a double-stranded target sequence 12 (e.g.. a mutant sequence). The

oo D

sequencing reaction nuxture contains the sample. the sequencing prnmer 16, other

sequencing mgredients such as nucleotide triphosphates (NTPs) some of which may be

labeled and strand termunating NTPs or dideoxyNTPs, a DNA polymerase, and a

tlocking nuclerc acid 14 at an excess concentration level, such as 25 nML. Souably, the
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blocking nucleic acid is present at a molar excess concentration level as compared to the

target and reference sequences.

In Fig. 1, the depicted blockmng nucleic acid 14 18 a single~-stranded nucleie acid

sequence complementary with one of the strands 10A of the reference sequence 10, The

blocking nucleic acd 14 and the sequencing primer 16 are complementary to the same

strand of the reference sequence 10 and the blocking nucleic acid 14 s blocked at the ¥°
end such that it cannot be extended by a polvmerase.

The reaction mixture m step 1 of Frg. 1 15 subjected to a fivst denaturing
temperature, e.g. 95 °C for 15 seconds, which results in denatured strands of the reference
sequence 104, 108 and the target sequence 124, 12B (1o provide reference strands and
target strancds). The reaction mixture 1s then cooled to promote hvbnidization, e, 70 7C
for 120 seconds. The temperature reduction occurs in the presence of an excess amount

of blocking nucteic actd 14, 10 permit the blocking nuciete acid 14 10 preferentially

hybridize with the complementary strand 10A of the reference sequence and also the

complementary strand 12A of the {arget sequence. Siep 2 Fig. | iHlusirates the state of
the reaction mixture aiter hybnidization at 70 C. In addition o bomoduplexes 18 ot the
blocking nuclerc acid 14 and the complementary reference strand 10A and
heteroduplexes 20 of the blocking nucleic acid 14 and the complementary target strand

1 2A, the reaction muxiure also containg the denatured negative strands 108 and 128 of

the reference and target sequences, respectively, There may also be some complementary

strand and target strand bomoduplexes as weldl as complementary strand: target strand

heteroduplexes; the excess of blocking nuclewe acid m the reaction s designed ©

mimnze the quaniities of these complexes.

in step 3 of Fig. 1, the reaction mixture s then subjected to the critical

femnperature T, 2.

"
e 4

J

r, 84.5° C, which is chosen to permit preferential denataration of the

{

heteroduplexes 20 of the target strand 12A and blocking nuclete acid 14, Suttably, the

temperature i step 3 18 higher than the temperature used m step 2. such that the
. . £ : .

temperature 15 1ereased to the oritical temperature. The entical temperature (1) 18

selected so that duplexes 18 of the blocking nucleie acid 14 and the complementary

reference strands 10A remain substantially nondenatured when the reaction mixiure i3

mcubated at Te. The melting temperature for the duplex 20 of the blocking nuclerc acid
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14 and the target strand 10B will always be less than the meliing temperature of the
duplex 18 of the blocking nuclewc acid 14 and the complementary reference strand 10A
because the blocking nucleic acid T4 s fully complementary with at feast a portion of the
reference strand 10A, and there will be at least one mismatch with the tareet strand 12A.

Referning to step 4 of Fig. 1, aller preferential denaturation, the temperature of the
reaction mixture s reduced, e.g., 50 °C, to permit the sequencing primer 16 to anneal to
the free target strand 12A 1 the regction muxture. Step 4 of big. | illustrates that the
sequencing prmer 16 does not bind to the free reference strand 10B or the free target
strand 128, but ondy to the free target strand 12A. The sequencing primer 16 cannot
etfectively anneal to the remaming free reference strand 10A or cannot be extended to
atlow for sequencing of the remaming free reference strang 10A because the reference
strand 104 15 hybnidized with the blocking nucleic acid 14, and at least the secuon of the
reference strand 10A hybridized to the blocking nucleic acid 14 is unavailable for
sequencing. The sequencing primer s suitably added to the reaction mixture such that it
is present m excess of the blocking nucleic acid, suttably the sequencing prumer is present
tn molar excess to the BNA, so that target strand:sequence pruner daplexes form

preferentially to target strand: blocking nuclec acid sequence duplexes. The tlemperature

primer 16, Alernatively, a eyvcle sequencing reaction can be completed by repeating

steps -4 of Fig, | o enrich the extension product, The method illustrated in Fig 1 can

and showld be optimized for mdividuad protocols.

Finally, the nucleic acid sequence of the target sequence may be deternuned using
DNA sequencmg methods known to those of skill m the art. For example, labeled chamn
terminating nucleotides may be mcluded in the DNA sequencing reaction mixture to
prepare an extended product for Sanger or di-deoxy sequencing. Those of skiil m the art
will appreciate that other sequencing methods may be used such as Pyrosequencing ™,
various next generation plattorms like 454™ Sequencing, SOLAD™ System, Hhomna
H i\eif Svsieins, of third generation sequencmg platforms. A proposed pyrosegquencing
method would mvoelve the following steps: (1) PCR of target sequence, {2) atkaline
denaturation, {3} punily single~strand template, (4) anneal blocking primer at 70°C, {§)

raise temperature to Te, (6) probable wasiung step to remove any unbound blocking
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_{}I‘iﬁ‘i&i} {?} reduce temperature to anneal seq;i;wnci ng prinmr (8} cool to room temperature

As described above, the kits and methods mchude a sequencing primer that is
compiementary 1o a portion of one strand of the target sequence and the reference

sequence. The sequencing primer 1$ a nucleic acid that 1s fudly complementary to a

portion of a strand of target sequences and may also be fully complementary to a portion

of a strand of the reference sequences. The sequencing primer 1s capable of anneahing to

the reference and target strands such that a polymerase can attach and extend the

sequenciig primer. The sequencing primer 18 generatly DNA | bot may be RNA or
comtain moditied nucleotides. Sequencing printers may be designed o have muinumal
secondary structure and 1o inhibit reanneahing of the reference and target strands. The
sequencing primers spitably have an annealing temperature below the enitical temperature
{T.}. Those of skill in the art famuliar with sequenciig methods are capable of destgning
sequencing primers for use m the kits and methods. Computer programs are available to
those skilied m the art for use m designing suntable sequencing pramers and blocking
nuclerc acids, e.g., Oligo and Primer3,

The target sequence 1s the sequence that one wants to deternune within a muxed or

potentially nuxed sample including reference sequences. Target sequence refers to a

nucleic acid that may be less prevalent i a nucleic acid sampie than a corresponding

reference sequence. The target sequence may make-up 0.01 1o over Y9% of the total

amount of reference s gguenee p’il‘i&‘i fRrgel sequgnce H1 R sample. The lower limit of

detection 15 based on the sgmple size, such that the sample muust contain at feast one
ampiifiable targel sequence m order o be able {0 sequence the target sequence. As

shown i the E mmpiﬁa he target sequence could be efficiently sequenced using the

plus target sequence. ftis predicted that the methods described herein conld be combined

with other methods of selective amplification of 8 target sequence to increase the himut of

detechion of the target sequence n a background of reference sequences. As shown m the

examples, the methods de scribed herein may be nsed on a sample previously subjected to

ICE COLIDWPCR as deseribed i International Patent Pablication No. WO2011/112534,

which i1s meorporated herein by reference 1n its entirety.  The himit of detection shown m

O



CA 02828535 2013-08-27
WO 2012/118802 PCT/US2012/026938

the Examples when ICE COLD PCR was combined with the BLOCker sequencing

W

towered to the pomt at which a single copy of the target sequence can be detected m the
background of the reference sequence.

The target sequence may mcinde, but 18 not limited to & somatic mutation, a
mitochondrial mutation, a strain or species. For example, a smuple {e.g., blood sample}
10 DNA. The normal cells contam non-mutant or wild-tvpe alleles, while the small number

of cancerous cells and low levels of free-circulating tumor DNA contain somatic
matations. In this case the mutant 15 the target sequence while the wild-type seqoence 18
the reference sequence. The target sequence must ditter by at feast one nucleotide from
the reference sequence, but must be at least S0% homologous 1o the corresponding
15 reference sequence. The sequencing primer should be able to bind o both the target
sequences and the reference sequences. As used herem, a "target sirand” refers to g
single nucleic acid strand of a target sequence.
Reference sequence refers to & nucleic acid that 1s present 1n a nuclewc acid sample
and mhibits effective sequencing of a target sequence by fradittonal sequencing methods
20 without use of a Mockng nuclerc acid. The reference seguence may make-up 0.0 to
99% or more of the total reference sequence plus target sequence in & sample prior to the
use of the method described herein. The lower linut of detection is based on the sample
stze, such that the sample must contamn at least one amphhable reference sequence in

order to be able to sequence the reference sequence. As noted above, the it of

detection may be optimitzed by combunng the methods described herein with other
methods such as ICE COLD PCR. As used herein, a "reference strand” refers o a smgle
nuclete acid strand of a reference sequence.

The reference sequence may also be referred 1o ag the wild-type. The term "wild-
tvpe” refers to the most commeon polynucleotide sequence or allele for a certain gene n a

3} population. Generally, the wild-type allele will be obtained from normal cells.

10
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The target sequence may alse be referred to as the mutant sequence. The term
“matant” refers to a nucleotide change {1 e, a single or multiple nucleotide substitution,

mversion, deletion, or wnsertion) in a nuclewe acid sequence. A nucleic acid which bears a

mutation has a nucleie acid sequence {mutant allele} that 1s different i seguence from

that of the corresponding wild-tvpe polynucleotide sequence. The invention 18 broadly
concerned with somatic mutations and polvmorphisms. The methods described herem
are useful in selectively enriching g target strand which containg 1 or more nucleotide

' "

sequence changes as compared to the reference strand. A target sequence will typreally

be obtamed trom diseased tissues or cells and mayv be associated with a disease state or

predictive of a disease state or predictive of the efficacy of a given treatment.
The target and reference sequences can be obtained from a variety of sources
mchiding, genomic DNA, cONA | mitochondrial DNA, viral DNA or RNA | mammalian

~—r

DNA, fetal DNA, parasitic DNA or bacterial DNA. While the reference sequence is

F =

generally the wild-type and the target sequence is the mutant, the reverse may also be
true. The mutant may include any one or more nucleotide deletions, msertions or

alterations. The farget sequence may be a sequence mdicative of cancer m a celi,

metastases of cancer via delection of cells comprising the mutation 1 a different fissue or

or resistance of a cancer or a nucroorganism to a therapeutic, or presence of a disease
refated to @ somatic mutation such as mutochondrial heteroplasmy.

The blocking nucleic acid is an engineered single-stranded nucleic acid sequence,
such as an ohigonucleotide and preferably has g length snaller than the farget sequence.

The blocking nucieic acid 13 also suitably smalier than the reference sequence. The

blocking nucletc acid must be of a composttion that aliows difterentiation between the

meltimg temperature of daplexes of the blocking nuclewc acid and the target strand from

that of duplexes of the blocking nucleic acid and the reference strand. The 3-0OH end of

the blockimg nucleic acid 15 blocked to DNA-polymerase extenston, the §'-end may also

be modified to prevent 3 to 37 exonucleolysiz by DNA polymerases. The blocking

nucleic acid can also take other forms which remain annealed to the reference sequence

n "".]." r

I, such as a chimera

between single stranded DNA, RNA, peptide nucleic acid (PNA), locked nuclew acid
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(LNAJ, or another modified nucleotide. PNAs, LNAs or other modified nucleotides in

the blocking nucleic acid may be selected to match positions where the reference

secuence and the target sequence are suspected to be different. Such a design maximizes

the difference between the temperature needed o denature heteroduplexes of the

blocking nucleic acd and the partially complementary target strands and the temperature

needed to denature duplexes of the blocking nucleic acid and the fully complementary
be selected to design the blocking nuclete acid to have a more constant melting
temperature across the blocking nuclec actd.

The blocking nucleic acid can take many forms, vet the preferred fonm 1s single

stranded, non-extendable DNAL. Sunably the 37 end of the sequencing primer binds to a

posttion near the 37 end of the blocking nucleic acid or complementary to at least one of

the same bases of the reference sequence as the 57 end of the blockng nucleic acid. In an

alternative embodiment, the sequencing primer overlaps the blocking nucleic acid by 3-3

bases. In this embodiment the DNA polvmerase used for seguencing may be a strand-

displacing or a non-strand displacing DNA polvmergse. inanother altermative the
seguencing primer and the blocking nucieic acid do not overiap. I the sequencing primer
and the blocking nucleic acid do not overlap it 15 preferable to use a non-strand displacing

DNA polymerase for the sequencmng reaction. Maore specifically, the preferred blocking

aucleic acid has the {ollowing charactenstics:

(a} comprises single-stranded nucleie acid;

(b) 1s fully complementary with at legst a portion of the reference sequence;
{c} 15 complementary 1o the same strand of the reference sequence as the
sequencing prumer; and

(d) contams a 3-end that 1 blocked to DNA-polymerase extension.

The blockimg nucleic acid can he svathesized in one of several methods. First, the

blocking nuclerc acid can be made by direct synthesis using standard oligonucieonde

synthesis methods that allow modification of the 3-end of the sequence. Alternatively,

the blocking nucleie acid can be made by polymerase svathesis during a PCR reaction

that generates single stranded DNA ag the end product. In this case, the generated smygle-

stranded DNA corresponds to the exact sequence necessary for the blocking nucleie acid.
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Methods to synthesize single stranded {8

NA via polymerase synthesis are well known to
those skilled o the art. Alternatively, a single~stranded blocking nucleic acid can be
syuthestzed by bmdmg double-stranded PCR product on solid support. This 1s
accomplished by performing a standard PCR reaction, using a primer pair one of which 1s
tiotinylated. Followmg PCR, the PCR product 1s meubated with a Streptavidin-coated
solid support {e.g. magnetic beads) and allowed to bind to the beads. Subsequently, the
temperatare 1s ratsed to 953°C for 2-3 minutes to denature DNA and release to the solution
the non-biotinviated DNA strand from the immobihized PCR product. The magneuc
beads with the complementary DNA strand are then removed and the smgle~stranded
nroduct remaining in the solution serves as the blocking nucleic acid.

Betore the single~-stranded blocking nuciewr acid 18 used, the 3'-end 15 blocked to
prevent polymerase extension. The 3-end may contain a phosphate group, an ammo-
aroup, a dideoxynucieotide or any other motety that blocks 5" to 3' polymerase extenston.
This can be accomplished i several ways well known to those skilled in the art. For
example, a reaction with Termumnal Deoxynucieotide Transferase {TdT) can be emploved,
tn the presence of dideoxynucleotides {ddNTP)Y m the solution, to add 3 single ddNTP (o
the end of the smgle-stranded blocking nucleic acid. ddNTPS serve to block polvmerase
extension. Alternatively, an ohgonucleotide tempiate complementary o the 3'-end of the
blocking nuclerc acid can be used to provide a transtent double-stranded structure. Then,

polymerase can be used (o msert a sigle ddNTP at the 3-end of the blocking nuclerc

acid opposite the hybndized oligonucieotide.

The blocking nuclerc acid should be present my excess of the amount of reterence
strands plus target sirands {(1.e., a molar excess). The required amount of blockmg nucleic
acid may be determined empirically by those of skill 1 the art. Generally the amount of
blocking nucleie acid 15 m excess of 3 nM. The Examples provide data usmng 25 nM, 50
oM, 75 oM and 100 aM blocking nuclerc acid in protocels. Generally the sequencing

praner should be added such that 1t 1s present in the reaction muxtare 1w molar excess

concentrabion as compared to the blocking nuclew acid.

The melting temperature or "T,," refers to the temperature at which a

polynucleotide dissociaies from s complementary sequence. Generally, the T, may be

defined gs the temperature at which one-half of the Watson-Crick base pairs in a double-
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stranded nucleic acid molecule are broken or dissociated {i.e., are "melted") while the
other hall of the Watson-Crick base pairs remain mfact in a double-stranded
conformation. In other words, the T, 15 defived as the temperature at which 50% of the
nucleotides of two complementary sequences are annealed {double-strands) and 50% of
the nucleotides are denatured {smgle-strands). T, theretore delines a midpomt m the
transition from double-stranded to single-stranded nucleic acid molecules {or, conversely,
in the transstion from single-stranded to double-stranded nucleic acid molecules).

The T, can be estimated by a number of methods, for example by a nearest-
neighbor calculation as per Wetmar 1991 (Wetmuor, J. G 1991, DNA probes: applications
of the principles of nucleic acid hvbridization. Crit Rev Biochem Mol Biol 26: 227-259,)
and by commercial programs including Oligo™™ Primer Design and programs available
on the mternet. Alernatively, the T, can be determined through actual experimentation.
For example, double-stranded DNA binding or intercalating dves, such as Ethidium
bromide or SYBR®-green (Molecular Probes) can be used in a melting curve assay to
determine the actual T, of the nuclewc acid. Additional methods for deternuning the T,
ot 4 nucleic acid are well known m the art,

The termt "critical temperature” or "T." refers to a temperature selected to
preferentially denature duplexes of target strands and the blocking nucieic acid. The
critical temperature (1.} 1s selected so that duplexes consisting of the blocking nucleic
geid gnd complementary reference strands remam substantally nondenatured when the
reaction mixture is incubated at T, yet duplexes consisting of the blocking nucleic acid
and the target strands substantially denature. The term "substantially” means at least
(0%, and preferably at least 90% or more preferably at least 98% 13 a given denatured or

nondenatured form.

Samples mclude any substance containing or presumed to contain a mclere acid

of interest (target and reference sequences) or which s itselt a nucleic acid comtaining or

sample of nuclaic acid {genomic DNA, cDNA, RNA), cell, organism, hisspe, fluid, or

LA

substance inchuding, but not hmited to, tor example, plasma, serum, spinal Quid, bymph

fhad, svonovial Himd, unne, tears, stool, extemnal secretions of the skin, respiratory,

14



CA 02828535 2013-08-27
WO 2012/118802 PCT/US2012/026938

intestinal and enitourinary tracts, saliva, blood cells, biopsy, tumeors, organs, tissue,
samples of i vitre cell culture constituents, natural isolates {such as drinking water,
seawater, solid materials), microbial specimens, and objects or specimens that have been

"marked” with pucleic acid tracer molecules,

Y

Nucleie acid sequences of the mvention can be amphified, e.g., by polymerase

cham reaction, prior to use 1n the methods described herein. The amphification producis

sequence. One method of selecting a smgle strand of a double~-stranded DNA product 18
described above m regard to preparation of a single stranded blocking nucleic acid, e
10 one strand may be biotinviated and bound to a colunm or sohid support coated with
streptavidin, The npon-biotinviated strands ¢an then be purified by denaturing the strands
and removing the biotinyvlated strand bound to the avidin coated sohid support 1 order to
allow tor sequencing of the non-biotmviated strand. Alternatively, as deseribed m the
examples the PCR reaction can be carried out using a S'-phosphorylated amplification
15 primer i addibion to the sequencing primer such that one strand of the product comprises
a 57 phosphate. Thig strand can then be degraded by mcubation with a 37-phosphate
dependent exonuciease, such as lambda exonuciease which was used m the Examples.
The nuclerc acid sequences may be from RNA, mRNA, ¢cDNA and/or genomic
DNA. These nucteic acids can be isolated from tissues or cells according methods
20 known to those ot skill in the art. Complementary DNA or cDNA may alse be generated
according to methods known to those of skill in the art. Alternatively nocleic acids
sequences of the invention ¢an be isolated from blood by methods wetl known m the art,
As shown m the Examples, methods and kiis capable of detecting and sequencing

K-RAS exon 2, codon 12 and/or 13 mutations are provided. Detection of these mutations

15 nnportant to determne the prognosis for subjects with cancer as well as to determune
the presence or emergence of drug resistant tumor cells. Epidernial growth factor
receptor { EQFR ) antagonists, such as cetuximab and pamtumumab, are therapeutic agents
that can be effective m colorectal cancer {URC) treatment. It has been shown that 40% of
CRC tumors have activating K-RAS exon 2 codon 12 and 13 mutations and that these

3} muiations may be associaied with a poor response to EGEFR antagomsts. Very high
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sensitivity detection of such diagnostic biomarkers is necessary to determine the presence

or emergence of drug resistant tumor cell populations.

=

In the Examples, a blocking nucleic gad was used to allow sequencing and
wdenfification of a known mutochondnial mutation at position 3243 (A—(). Thas
mmutation 1 one of the wune confirmed MELAS (Mhtochondnal Encephalomyopathy,

Lactic Acidosis, and Stroke-like episodes) mutations m the mutochondrial genome. Thus,

the methods and kits of the invention can be used to identify subjects having a low level

of a mutation associated with a disease.

Also m the Examples, the methods gre emploved to differentigte between strains
of HPY. The Examples demonstrate that samples comprising nuxtures of HPV1IS and 45
or of HPV36 and 97 can be differentiated. Such stram differentiation may be important
tor epidemiological studies and may effect tregtiment decisions.

The Examples also demonstrate that the methods can be used to detect two BRAF

mutations (VOUOE {exon 13) and G469A (exon 11)) with a binmt of detection of §.53%.

These BRAF mutations are associated with cancer, i particular melanoma. As desertbed

i

<-RAS, detection of these mutations is important to determune the prognosis
tor subjects with cancer and may prove relevant for determmation of chemotherapeutic
effectiveness.

The following examples are meant only 1o be llastrative and are not meant as

Hmstations on the scope of the mvention or of the appended claims. All references cxted

herem are hereby mcorporated by reference m thewr entiveties,

EXAMPLES
Example 1. K-RAS BLOCker Sequencing After Standard PCR Using The K-RAS
Exon I Reverse BNA
Mutations in K-RAS exon 2, codon 12 and 13 are found in several cancers and are
associated with reststance o certam anti-caneer drugs. Thus assays to wdentity samples or

are difficult to identity because the populations are mixed.

16
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Blocking nucleic acids (BNA) were designed to specifically bind to the. wild-type
K-RAS sequence and unless otherwise noted were made by Exiqon. The BNA and

sequencing primer used for this experiment were as follows:

TCTGAATTAGCTGTATCGTCAAGGCACTC - AGGAAACAGCTATGACCAT

TTGCCTACGCCACCAG /3Phos/ .
(SEQ ID NO: 1) (SEQ ID NO: 2)

whereimn the widerlined nucleotides are LN As and the other nucleotides gre traditional

nucleotides. There was no overlap between the BNA and the sequencing piimer.

The nuclerc acid samples were prepared using standard protocols and the nucleic
acid contaming the codon 12 mutation (K~-RAS GI12V.GTT; 3°-CGCCAACAGCT-3":
SEQ D NQO: 3; underlined base is site of mutation) represented 15% of the total nucleic
acitd and the remaining 85% of the sample wag wild-type genomic DNA (GGT; §°-
CGCCALCAGCT-37; SEQ ID NO: 4; underlined base is site of mutation). The BNA (25
nM) and nuclere acid were added {o a siandard cycle sequencing reaction mix.

The sequencing reaction mixture was denatured at 95 °C for 15 seconds, then the
temperature was reduced to 70 °C tor 45 seconds to ailow hybridization of the BNA to
the reference strands and target strands. The reaction mixture was then subjected to the
Tec of 81 °C for 30 seconds to allow the duplexes of the BNA and target strands to |
denature. The reaction muxture was then subjected to a temperature of 50 °C for 10
seconds to aliow the sequencing primer to annesl to the free target strands. Finally
extension of the sequencing primer was allowed to proceed at 60 °C for 25 seconds to
generate extension products. The above cycle was repeated 40 times to generate enough
sequence to be read on an ABI Sequencer.

As shown m Figure 2, the GI12V K-RAS mutant was difficult to detect when

present in 1 5% of the total in a sequencing reaction without the BNA (see small peak at.

highlighted base in middle trace), but detection was increased when the sequencing

reaction contained a BNA directed to the wild-type sequence (the two peaks now are

present in relatively equal amounts in the top trace). Notably the mclusion of the BNA in

a sequencing reaction with only wild-type did not completely block the abiluty to

sequence, but only reduced the size (magnitude) of the peak.
17
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Example 2, K-RAS BLOCker Sequencing After Standard PUR using the K-RAS
exon 2 Forward BNA,
A blocking nucleic acid (BNA ) was designed to bind speaifically to the opposite

strand of the wild-type K-RAS sequence as well. The BNA and the sequencmyg primer

used for this experiment were as follows:

BNA {7 Seguencing Privmer

. e b GUPGARAATGACTGAATATAALUTTET G | | PR
K-RASe? o e e ~ TETARAACGACGGUCAGT
GTAGPTEGAGCTEETEGUGTAS 3Phos / 7. .

Forward {SEQ ID NO. B}

wherem the anderlined mucleotides are LN As and the other sucleotides are traditsonal

nucleotides. There was no overlap between the BNA and the sequencing primer.

The nucleic acid samples were prepared asing standard protocols and the nucleic
acid contaming the codon 12 mutation {K-RAS GI2V; S -AGUTGTTGGOG-37, SEQ 1D

NO: 7 underlimed base 1s site of imutation ) represented 15%s of the total nucletc acid and

the remaining 85% of the sample was wild-type genonuc DNA {§-AGCTGGTGGUG-

37 85EQ D NO: 8; underlined base s site of mutation), The BNA (25 nM )} and nuclewe

acid were added to a standard eycle sequencing reaction mix. The cycle sequencing

reaction was completed as descenbed above m Example 1. Hn veie sequencing can be
used for bi-divectional sequencing via design of BNAS specific for each strand of the

reference sequence.

As shown m Figure 3, the G12V K-RAS mutant was difficult to detect when

present m 5% of the total iy a sequencing reaction without the BNA {see small peak at

highlighted base m middle trace)}, but detection was mcreased when the sequencing

reaction contained a BNA directed to the wild-type sequence {the two peaks now are

visibly present in the top trace). Notably the inclusion of the BNA in a sequencing
reaction with only wild-type agam did not completely block the ability to sequence, but

only reduced the size {magnitude) of the peak.
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Example 3: K-RAS BLOCker Sequencing Example ~ After COLD-PCR Detection
of the K-RAS G12R Mutation

Recently, lce COLD-PCR (Improved and Complete Enrichment CO-amplification
at Lower Denaturation temperature PCR; Milbury et al., Nuclewe Acids Res. 2011 Jan
1;39(1 )ed. ) has been shown {o improve drastically the detection Lol of K-RAS exon 2
nmtations. See aiso International Patent Publication No. WO2011/112334, In ke
COLD-PCR, mptant DNA (Mut) 1s amphtied preferentially m the presence of wild-type
{WT) DNA. The use of a reference sequence oligonucieotide (RS-oligo) complementary
to one of the WT strands results i Hinear amplihication of the WT sequences but
exponential amphification of any Mut seguences present. The RS-ohigos may comtain
Locked Nucleie Acids {LNA™) which mgcreases the difference m denaturation
temperatare between the RS-oligo: WT DNA duplex as compared o the RS-ohigo:Mut
DNA duplex. The PCR was carrted out as described by Midbury et al. using Phusion®
Polyvmerase i the first round PCR and Optimase i the [ce COLD-PCR. See Figure 14
(SEQ 1D NO: 14) for a diagram depicting the location of the primers and RS-oligo used
tor Ice COLD-PCR withun the K-RAS sequence. The primers and RS5-oligo used dare as
follows:

USE QF OLIGO PRIMER - SEQ D NO: |
¥ round PCR ST-TTAACCTTATOTGTGACATGTIC 9 |
torward primer
1¥ round PCR S-TCCTGCACCAGTAATATGO 10
FEVENSe primer

" ICE COLD forward S GTGTGACATGTTCTAATATAG 1

primer _
ICE COLD reverse ST-CTOGAATTAGUTGTATCG 12
PEIMEY

R&-oligo for ICE ST-GUTGTATCGTCAAGGCACTCTTGO 13

COLD CTACACCACCAGCTCCAACTACCAC

expanded to the cvcle sequencing reaction. Here, the LNA-containing oligo (BNA)
blocks the sequencing of the wild-type DNA and allows the sequencing of DNA
contating any mutation (BLOCker-Sequencing). For the blockmg to occur, an
additional hvbridization step as well as a denanuring step {(at critical temperature, T s

added to the cyele sequencing steps. The To is @ temperatare at which the BNA'WT

19
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DNA complex remains intact but the BNA-Mut DNA complex is denatured. The
sequencing primer, which overlaps the 57 end of the BNA 1n this example, then anneals

o the mutant sequence and 18 subsequently extended.

A blocking nuciec acid (BNA) was designed to specthically bind to the wild-type

F §

K-RAS sequence. The BNAs and seguencmyg primers used for this experiment were as
toliows:

-'

segquencing Primer

SRNARATRACTEAATATARACTTIGTS TTAT‘I‘A‘I‘MGGCCTQCT\\‘% A AN

'.“'\ ‘-" B "L
tw-héx, ‘l.h #"s"w"' .‘h&*

Forward -GTAGTTGfﬁchQETQ@CLﬂRGGCAz 3rhos/

FTATPCG TCC&CAMTGA

.nm\' bl -
QED OTD NG

Heverse

{bEQ ID Nf.'} 17}

wherein the underlined nucleotides are LNAs and the other nucleotides are tradittonal
nucleotides. The tahcized bases represent the overlap between the sequencing primer
1 and the BNA.
The nucleic acid sampies were prepared usimg standard protocols and the nucleie
acid containing the codon 12 mutation (K-RAS G12R; $-GCCACGICAGUTC-3 {SEQ
ID NQ: 193 and 3-GAGCTC/GGTGGC-3" (SEQ 1D NO: 203} the underdined bases

mdicate the site of mutation with the target or mutant sequence fisted first and the wild-

15 fype sequence after the slash) represented 1% of the total nucleic acid added to the mtial
PCR experiment and the remaming 99% of the sample was wild-type genomic DNAL
The BNA (30 oM, 73nM or 180aM} and nuclerc acid trom the lce COLD-PUR reaction
were added to a standard cvele sequencing reaction mix. The cycle sequencing reaction
was completed as described above m Example 1, except that the hybrndization time was
20 120 seconds and the cvele sequencing extension tine was 45 seconds. Thus the methods

of the current invention can be combined with a PCR ennichment method.

As shown m Figures 4 and §, the K-RAS mutant was difficult to detect in a
sequencing reaction without the BNA even after Ice COLD-PCR when present at only

1%9% of the total sequence (0 nM; see dual peaks at hughhighted base m top trace), but

b
&" Ji

detection was increased when the sequencing reaction contained a BNA directed o the
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three im::e:s}.

Example 4: Detection of Mitochondrial Somatic Mutations

BLOCKker sequencig was performed on a sample with a known mitochondrial
nmutation at position 3243 {A—G). This mutation 18 one of the nmme contirmed MELAS
(Mitochondrial Encephalomvopathy, Lactic Acidosis, and Stroke-like episodes)
mptations in the mutochondrial genome. The example below reflects sequencing in the
reverse direction asing the reverse blockmg nucleic acid.

A blockmng nucleic acid (BNA} was designed to specifically bind to the wild-type

nmittochondrial sequence. The BNA and sequencing primers used for this experiment

were as follows:

suguencing Primer

................................................................................................................................................................................................................................

\ \ .- \ r'..'
CLGRLTGIAARGITITARGITET TTPETTARGAAGAGCARTTCRACETE

\\ N
g MU, AN KIS A R K \ ‘!.
g '1 . 3 t-‘:‘ ‘E'l Y > : 1

3243

ATGE&RTTM:PGGG{"TCTG {3thos/
(SEQ ID NO: 21)

Forward

wherent the underhned nucleotides are LNAs and the other nucleotides are traditional
pucleotides. There was & 4 base overlap between the BNA and the sequencing primer
witch are shown m itahes,

The nuclew acid samples were prepared usimg standard protocols and the nucleie
acid containing the mutation (5 -GGCAGGGCCCG; SEQ 1D NO: 23; mutation
underfined) represented 10% of the total nucleic acid and the remaining 90% of the
sample was wild-type genomic DNA (5 -GGUAGAGCCCG: SEQ 1D NO: 24, wild-type
base underhimed). The BNA (15 and 25 nM) and nucleic acid were added to a standard
cycle sequencing reaction mux. The cycle Sequencing Feaction was cm‘n;p}et&d as

cyele sequencing reaction extension tme was 45 seconds, with the total number of cycles
mereased to 50,
As shown in Figare 6, the mitochondral mutant was difficult to detect ina
sequencing reaction without the BNA {sce small peak at highlighted base in bottom

trace}, but detection was mcereased when the sequencing reaction contained a BNA {o

b
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block the wild-type sequence {see top and third from top trace). The increased presence
of the { peak (black) as compared to the sequencing of the sample without LNA shows
the improvement of the readabihiy of the mutation.  The second, fourth and botiom trace
show the wild-type sequence was readily sequenced in the absence or presence of the
BNA.

&

Example 5:;-Seq_ums:mg to differentigte HPV strains 18 and 45
HPV often presents as & mixed infection of various strains. “To identify which

strains are present m a sample requires DNA sequencing the stramss. Due to the relatvely
smali number of nucleotide changes between the various strams and lack of ability to
determine which strams are present i any one sample, it would be beneficial to design a
seguencing reaction that could distinguish hetween strains.

Blocking muclerc acids (BNAY} were designed to spectfically bind to either the
HPV 18 or HPV 45 sequence. The BNAs and sequencimg primers used for this

experunent were as follows:

Seguencing Primer

PEPPTECAGATEGCTTTETCECEGCT
TAGTGACAATACCGTRTATC/ 3Phos/

CRATCHGTAAACGTGEYITCOCTATTYTY

). 5:-:}:*«“’"; ‘E' f‘\" .-r-,‘: fA’\ » ,::" R
'g_ 40 I.A."-'v: as das 2PN e aan 8 |,'

TITTTGCAGATGHECTTTETGGCHECT
TRAITCACAGTACGETATATC/ 3Phos /

HPVAE

Forward

(SEQ ID NO: 28)

wheremn the underhined nucleotides are LN As and the other nucleotides are traditional

nucleotides. There was a 3 base overlap between the BNA and the seguencing primier

shown i ialics.

Stock plasmids (clones of HPV strain templates) were used {10,000 copies/ul.)
i the experiments described herein. The nucleic acid samples were prepared using
standard protocols and amplified by PCR using the Stratagene Brilliant™ I Master Mix.
Primers used for intttal amplification are consensus primers m the L1 region of HPV. A
aniversal tag (UP) was added to both the forward and reverse primer (shaded regions) in
order 1o develop specific sequencing based primers (see Table 1),
Table 1 HPV Consensus Primer Sequences (UP1 hughlighted i forward primer; UP2

highhighted w reverse primet)

b
b
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HPY Cons wAPF | |

{SE ID ED EEl)

e e e o | R R R RN TACCC TARATACCCTATATTS

After PCR the nucleic acids were mixed such that the HPV 18 nucleic acid represented
509% of the total nucieic acid and the rempatng 30% of the saople was HPV4S DNAL The
BNA (50 nM for HPV 1R and 75 oM for HPV4S) and nuclerc acid were then added to a
standard cyele sequencing reaction mix. The cyele sequencing reaction was completed as

described above in Example | with the hybridization time being 120 seconds and the cvele
sequencing reaction extension e was 45 seconds.

To determineg the T, for each BNA| various concentrations of BNA are cvele
seguenced usimg a temperature gradient spanning the calcudated Tm ot the BNA-with s
reference sequence. Each sequencing reaction is evaluated using the sequencimg
electropherograms tor the presence of peaks for both strains and then the preferential
disappearance of the reference sequence peak in the sample which s bemg blocked from
seguencing by the BNA. A specific concentration and T, for the BNA is then determined
and can be used in the future for preferential cycle sequencing of this mixed sample
population.

Various concentrations of the HPVIS BNA were nsed ﬂi.-mfigwiﬁfi a gradient
thermal cveler 1o deternune the entical temperature at which the HPVIS BN A rematns
duplexed with the HPV IS straan while allowmg sequence analysis of HPV4S, In the
second set of experiments, an HPV43 BNA was used to preferentially sequence HPVIE
while blocking sequencing of HPV43,

As shown m Figures 7 and 9 respectively, the HPY I8 {SEQ D NO: 30 as shown
in Figure 7-10) and HPV 45 (SEQ ID NO: 31 as shown in Figure 7-10) strains were
difficult to sequence without the BNA (see overlapping peaks at highlhighted bases in the
top trace), but detection of the target sequence was wmcreased when the sequencing
reaction contained a BNA to block the reference sequence {the HPV43 sequences become
the dominant peaks m the ower fraces as more HPV 1 8-specitic BNA was added and vice

versa in Flgoare 7 and 9, respectively).

Figures 8 and 10 show the effect of altering the temperature at which denaturation

of the BNA from the opposing strain should ocour. As shown in the top wace without a

b
Ll
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BNA s unclear. A denaturation temperature that is too low will not block sequencing of
the reference sequence and both peaks can be seen. As the temperature is mcreased
the muddle traces the target sequence becomes the donmunant peaks. In the bottom trace,
the temperature was raised above the T, and allowed seguencing of the reference
sequences and mixed peaks agam. This example demonstrates that both the amount of

the BNA and the temperature selected for denaturation can be selected empinically,

Example 6: Sequencing to differentiate HPV strains 56 and 97
Blocking nucieic acids {BNA} were designed to bind specifically to enther the
HPV 36 or HPV 97 sequence. The BNAs and sequencing primers used for this

experunent were as follows:

Seguenchn Primer

TETTTECACATCGCCCACGTEGCGCCCTAG
TGAAAATARGETGTIATCTACC/ 3Phos/
{REQ ID NO: 32)
TETTTCCAGATEOCTTACTEECOROCTAG
TCACAGTACGETITTATCTECC/ 3Phos/f
(SEQ ID NO: 33}

CEATCOTAAACGTETTCCCTATTYTY

&
v ak !}
".’ --\ q.

- - - -,
b My VY Ty
PR R A

HPVSY
Forward

wherem the underhned nucleotides are LN As and the other nocleotides are tradibonal
nucleotides. There was a 3 base overlap between the BNA and the sequencing primer
shown in tales.

Stock plasnuds (clones of HPV stramn templates) were used (10,000 copres/ul)
m the experiments described herein. The nucleic acid samples were prepared using
standard protocols and amplified by POR using the Stratagene Brthiant H Master Max.
Primers used for initial amplification ave consensus primers in the L1 region of HPV. A
untversal tag (UP) was added to both the forward and reverse primer in order to develop
specific sequencing based primers {see Table [}

After PCR the nucleie acids were mixed such that the HPV 36 nucleic acid represented

SO% of the total nucleic acid and the remaining 50% of the sample was HPVS7 DNA. The

BNA (75 nM for both HPV36 and HPVOT) and nucleic acid were then added to a standard

cvele sequencing reaction mix, The ovele sequencing regetion was completed as described

above i1 Example I with the hvbridization time being 128 seconds and the cyele sequencing

reachion extension iime was 45 seconds,
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To determine the T, for each BNA, various concentrations of BNA are cyele

sequenced using a temperatare gradient spanning the calculated Tm of the BN A-~with 18

reference sequence. Each sequencing reaction 1s evaluated using the sequencing

electropherograms for the presence of peaks for both straing and then the preterential
disappearance of the reference sequence peak m the sampie whach 13 bewng blocked trom
sequencing by the BNAL A specific concentration and T, for the BNA 1s then determined

and can be used mn the fotare {or preferential cvele sequencing of this muxed sample

population.

thermal cycler to determine the cntical temperature at which the HPVS6 BNA remains
intact with the HPV 56 stram while allowing sequence anatysis of HPVY7. In the second
set of expermments, a HPVO7 BNA was used to preferentially sequence HPVS6 while
blocking sequencing of HPVY7.

As shown m Figures 11 and 12 respectively, the HPV 97 (SEQ 1D NO: 35) and

overlapping peaks in the top trace), but detection of the target seqguence was increased

when the sequencing reaction contained a BNA 10 block the reference sequence {the

HPVO7 sequences become the dominant peaks m the lower fraces as more HPV36-

specific BNA was added and vice versa in Figure 11 and 12, respectively). Figure 13

shows the electropherograms of a sequencing reaction with no BNA (middie trace with

many areas that are not readable) as compared to the traces obtained us&iﬁg the optimal

concentration of BNA and denaturation temperatures (fop trace and bottom trace showing

resolved sequences for HPV 36 and 97, respectively).

Example 7: Amplification Followed by Sequencing to Detect 8 BRAF Mutation
Blocking nuclere acids and primers were designad to specitically amplity and

atlow ftor sequencing of two BRAF mutations, VOOOE and G469A. The sequencing

praver was also used as an amphitication promer duning POR. The sequencing primer and

the BNA were designed to bind to the same strand of the DNA. The amphfication primer

was designed {o bmnd the opposile or complementary strand and was 37 phosphorylated.

b2
L%
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For detection of BRAF VOIE, the primers or ohigonucleotides have the

following sequences and modifications:

3 (SEQ ID NO: 37)

3 -phosphorviated amplification primer”

SPhos TCCTTTACTTACTACACCTCAG-3 (SEQ D NO: 38)
oligo (BNA,

A

Blockinge

3.
AACTGTTCAAACTOGATGOGGACCCACTCCATCGAGATTTHORAHCHFTGTAGCOTA
(/3Phos/ {SEQ 1D NO: 39)

For BRAF GA68A , the primers ot oligonucleotides have the following sequences
and modifications:

SCQUENCING prumer

GGACTCGAGTGATGATTGG-3 (SEQ ID NO: 40)

S’-phosphoryi

R}

ated amplification primer

'SPhos/ /5Phos/CCACATTACATACTTACCATGCC-3" (SEQ ID NO: 41)
Blocking olico (BNA}

ACCATGCCACTTTCOCTTOTAGACTOTTHOACAAATGATHUCAGATHCCAATIC
{3Phos! (SEQ ID NO: 42);
where /APhosd stands for S'-phosphorylation, ™+ for locked nuclewc acid (LNA), and
f3Phos/! for 3 -phosphorylation.

Stock plasmids (clones of BRAF) and dilutions thereot weve used (10,000
copies/pl.} in the experiments deseribed heremy. The nucleic acid samples were prepared
using standard protocols, amplified by PCR and sequenced in a reaction mixture

contating 2.5 ul. Better Bufler (The Gel Company), 0.25 yb Big Dye v.3.1 {Applied

Biosystemsy, 813 plb 10 mM aNTPs, 1 gl 10 uM sequencing primser, 1 ull 1 M 57-

phosphoryiated amplification primer, 1.6 gL {or optimized) 2.3 uM Blocking nucleie acid

and 1 L DNA template to a total volume of 10 pl. per reaction. The reaction was

carried out in a thermal cycler as tollows: 40 cycles of 95 °C for 15 sec, 70 °C for 2
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minutes, the critical temperature for 30 seconds, 30 °C for 10 seconds and 60 °C for 45

seconds followed by moubation at 12 °C. The lambda exonuclease (0.5 gl at 5,000

Liimll) was then addad to the reaction mixture and imgubated at 37 “C {or 30 mmutes to

v

degrade the amplified strand comprising the ¥ -phosphate. The critical temperature for

VoOOOE for sequencmg 1s 77.0 U and for [CE COLD PCR 13 76,4 °C. The entical

Finally, the matenal 1s further purihied as for standard sequencing according to the
CleanSEQ protocol {Agencourt Biosciences). The Tos were determined and the
concentrations of the BNA used were optinuzed as descrnibed above,

Figure 15 shows the electropherograms for detection of the VOODE BRAF exon

{5 mutation m the background of an excess of wild-type sequence (SEQ 1D NO:43; §7-

being the motant and the one after the slash the wild-type). The percentages indicate the

percentage of mutant target w the total DNA temiplate added to the reaction muxture. The
hirst electropherogram demonstrates that the hanit of detection of the target VGOOE
mptation 15 0.05% by ICE COLD PCR| the middie electropherogram shows the reaction
described herem provides a iimut of detection of £.5% and standard seguencing, shown m
detection of 10%.

Fuare 16 shows the electropherograms for detection of the G469A BRAF exon
11 mutation in the background of an excess of wild-type sequence (SEQ 1D NO:44; 5°-

TTTOGL/GAACAG-37; the underlined bases are the stte of mutation with the first base

being the muotant and the one atter the slash the wild-tvpe). The percentages mdicate the

percentage of mutant target 1 the total DNA template added 1o the reaction mixture. The

left electropherogram demonsirates that the lmmt of detection of the target G469A

mutation 15 8.01% by ICE COLD PCR. The electropherogram on the right shows the

BLOCker sequencing reaction described heren provides g it of detection of §.5%.

We expect that a combination of ICE COLD PCR and the BLOCker sequencing reaction,

instead of traditional PCR and BLOCker sequencing as described herein, would result in

a stitl {ower inut of detection.

b2
“as
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CLAIMS

We claim:

. A kat for sequencing a target DNA sequence i a sample having a reference

W

SeqUEnce CoOMpPrIsmg a sequencing promer and a blocking nuclesc acid, the sequencing
primer 1§ complementary to a portion of one strand of the target sequence and the
reference sequence, the blockmg nuclete acid 18 fully complementary with at least a
portion of one strand of the reference sequence, wherein the sequencmyg primer and the
blocking nucleic acid are complementary to the same strand of the reference sequence,

10 and wherein the blocking nucleic acid 15 blocked at the 37 end such that 3t cannot be

gxtended by a polvinerase.

2. The kit of claim 1, further comprising labeled chain termumating nucleotide

triphosphates.

3. The kit of any of claims | or 2, wherein the target sequence gnd the reference
sequence can be denatured to produce target strands and reference strands, and wherein
the blocking nucleic acid 1s capable of forming a homoduplex with the fully
compiementary reference strand and a heteroduplex with the partially complementary

20 tarcet strand when aliowed 1o hvbridize.

4 The kit of claim 3, wherem heteroduplexes of the blocking nucleic acid and the
complementary target strand denature at a lower temperature than duplexes of the

blocking nucletc acid and the complementary reference strand.

5. The kit of claim 4, wherein the sequencing primer 18 capable of annealing to the

target strand at a tempergture below the oritical temperature,

6. The kit of any one of claims 1-5, wherem the 37 end of the sequencing primer is
3} capable of binding to a strand of the reference sequence near to the base on the strand of

the reference sequence that binds the 57 end of the blocking nucleic acid or the 3" end of

b
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the sequencing primer is complementary to at least ong of the same bases of the reference

sequence as the 57 end of the blockimg nuclesc acid.

7. The kit of any one of claims 1-6, wherein a 3-end on the blocking nucleie acid

compnises a nucleotide that prevents 3 to ¥ exonucieolysis by DNA polymerases.

8. The kit of anv one of claims 1.7, wheremn the blocking nucleic acid 18 a single-

stranded nucleic acid.

9. The kit of anv one of clamms 1-8, wherem the blocking nucleic acid comprises
DNA, RNA, peptide nuclete acud, locked nucieic acid, another moditied nucleotide or a
commbination thereof

18, The kit of claim 9, wherein the position of a peptide nucleie acid, locked nucleic

acid or another modified nucleotide m the blocking nucleic acid is selected to match a

position where the reference sequence and the target sequence are suspected to be

different.

the complementary reterence strand s maximized.

12, The kit of any one of claims 9-11, wherein the position of a peptide nucleic aad,

locked nucleic acid or another modified nucleotide in the blocking nucleic acid 13

selected to provide a more constant melting temperature across the blocking nucleie acid.

13 the kit of any one of claims 1-12, further compnising a S'-phosphoryiated prumer,

wherein the 5 -phosphorylated primer is not complementary to the same strand as the

SSCUENCING PHMEr.
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14, The kit of claim 13, further comprising a 5 -phosphate dependent exonuclease.

15, The kit of any One of chums -1 4. wherein the target sequence or the reference

...... l""

sequence comprises K-RAS exon 2 codan 12 andior 13.

W

16, The kit of anv one of claims 1-14, wherem the target sequence or the reference

sequence comprises a nutochondnal mutation,

17. The kit of claim 16, wherein the mitochondrial mutation is assoctated with
10 MELAS

18, The kit of any one of ¢claims 1-14, wherem the target sequence or the reference

sequence comprises HPV nuclere acud.

15 19, The kit of any one of clamms 1-14, wherein the target sequence or the reference

sequence comprises BRAF exon 11 andfor exon 13,

20, A method for prepanng a target sequence i a sampie {or sequencing comprising:
a} adding the sample to a DNA sequencing reaction mixture to forma

20 reaction nuxture,

the sample having a reference sequence and also suspected of having one or more target

sequences and the DNA sequencing regeion mixtare COmprising a sequencing praner

and a molar excess amount of a blocking nucleic acid that 15 fully complementary with at

least a portion of one strand of the reference sequence,

wherein the blocking nuclete acid and the sequencing primer are compiementary to the
same strand of the reference sequence, and
wheremn the blocking noclerc actd 18 blocked at the 37 end such that 1t cannot be extended
by a polymerase;

b) subjecting the reaction mixture suspected of having the target

M} sequence to a first denaturing temperature that 13 above the melting temperature (1,) of
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the reference sequence and the target sequence to form denatured reference strands and
denatured target strands;
¢} reducing  the temperature of the reaction nuxture O permit

formation of duplexes of the blocking nucleic acid and the complementary reference

W

strand and heteroduplexes of the blocking sequence and target strands;

d) mereasing the temperature of the reaction mixture to a confical
temperatare (T,) suificient to permut denaturation of said heteroduplexes of the blockimg
nucletc acid and the complementary target strands, vet insufficient to denature duplexes
of the blocking nucleic acid and the complementary reference sirand;

10 e} reducing the temperature of the reaction mixture to permit the
sequencing pnimer (o gnneal o free target sirands and free reference strands m the
reaction nuxture: and

£y extending the sequencing primer to generate extension products,
the extension products capable of bemg analyzed to allow determimation of the muclec

15 acd sequence of the target sequence.

21, The method of claim 20, further comprising determining the nucleic acid

segquence of the target sequence.

20 22, The method of claimm 21, wherean the sequence 15 determined by di-degxy-

sequencing, single-molecule sequencing, pyrosegrencing, or second generation high-

throughput sequencing.

23, The method of any one of clamms 20-22, wherein the 37 end of the sequencing

25 primer binds to the reference strand near 1o the base on the reference strand that binds the
57 end of the blocking nucleic acid or the 37 end of the sequencing primer is
complementary {o at feast one of the same bases of the reference sequence as the 57 end

of the blocking nacleic acid.
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24, The method of any one of ¢claims 20-23, wherein the 37 end of the sequencing
primer and the 37 end of the blocking nucleic acid are complementary {o more than one of

the same bases of the reference sirand.

25, the method of any one of claims 20-24, wherein a §' end on the blocking nucleic

Y

acid comprises a nucleotide that prevents §' o 3' exomucleolysis by DNA polymerases.

26, The method of any one of clams 20-25, wherein the blocking nucleic acid of step
(a) is a single~stranded nuclee acid,

{0
27.  The method of any one of claims 20-26, wherein the blocking nucleic acid

comprises DNA, RNA, peptide nucleic acid, locked wnocleie acid, another wmodihied

nucleotide or @ combinagtion thereot.

15 28, The method of clamm 27, wherein the posiion of a peptide nucleie acid, locked
nuciee actd or another moditied nucleotide m the blocking nucieie acid 15 selected to
match a position where the reference sequence and the target sequence are suspected to
be different.

20 29, The methed of claim 27 or 28, wherein the poxition of a peptide nucleie acd,
locked nucleic acid or another modified nucleotide in the blocking nucletc acid is

setected to provide a more constant meltmg temperature across the blocking nucleic acid.

30, The method of any one of claims 20-29, wherein the target sequence has at least

25 509% sequence homology to the reference segquence.

31, The method of any one of claims 20-30, wherein the blocking nucleie acid s

eoual to or shorter than the reference sequence.
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32, The method of any one of claims 20-31, wherein the sequencing primer is capable

of annealing to a strand of the reference sequence at a temperature below the critical

fempearatuse.

33, The method of any one of clamms 20-32, wherew the sequencing primer 18 added

10 the reaction mixture i molar excess to the blocking nucleis acid.

34, The method of any ene of clayms 20-33, wherein the melting temperature of
duplexes of the reference strand and blocking nucleic acid 1s higher than the melting

temperanure of heteroduplexes of the target strand and blocking nucleic acid.

35, The method of any one of claims 20-34, further comprising amplifying at least
one of the target seguences m the sample prior o using at least a portion of the
ampitfication prodact as the sample in step (a) by meluding an amphification primer i the

reaction muxture.

36, The method of anv one of claims 20-34, further comyprising amplifving at least
one of the target sequences m the sample by mcluding an amphification primer m the
reaction muxiure.

37, The method of claim 35 or 36, further comprising selectively degrading one

b W

strand of the amplified product.

38, The method of clamm 37, wherein the amplification primer 1s labeled to allow for

the resulting labeled target strand to be degraded.

39, The method of clatm 38, wheremn the amplification primer 15 labeled with a 5'-
phosphate and the method {urther comprises mcubatmg the seguencing reaction with a

F'-phosphate dependent exonuclease.
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44 The method of any one of claims 20-39, wherein said method i3 repeated for two

or more cveles mn a oycle sequencing reaction.

r
i)
agh

41, The method of any one of claims 20-40, wheremn said reaction mixture contams a

nucleic acid detection dve.
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Figure 2
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Figure 3
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Figure 8

1
<

o BT

TS e

T

¥

1.
A, T

A
77.5°C

N
76.3 °C”

75 nM BNA, T,
75.3 °C*

75 nM

- - - v - 1
J RN g (e STt e PR Ak . vy T
e o7 ¢ o “Slegr 2, _
feaa e, ¢ e et ., . T,
[ 4 T wm . t - e -
4 il rets v = -
/ - 2 alal APt er? . e
/ - b Satal X' Jep red Pl st
AR i b : g AL o
\s\-l\ - v ra&es “F - . U
rat s Ay, Y T T, . Tea,
“V4a "t e Y'ra . Yl
4 L/ . &Y F ¥ 4 X
. B W V ow - . cn-?
4 o trda o R -
? R . 3 L L TP S « ) h‘.%...l " !
1 ; == b d ‘ R
Y “ e .ﬁ,::. : - Ty ‘ o i N
Y - 5 & ol e . Y -
’ Tetea rey by - “wn
4 e ' da hl 4 I
’ - . - l - T
.\ \q.l‘.r . Y .l.nll} . -1 1-P.l.1.
Vo4 « b ot P - 4T =
- - f.l.u‘.a ‘ L] -a+\. v k\ul ’ﬂ‘.-} - .-.ﬂ‘-.l.ﬂ‘n
= Tt . ¥ e - - = ot . " o
“ a-al.n* vi }I\ni i -
4 b
“ oy Y 1.“ b r s = - e
3 ke C™ - Sk} — -~ d 1\'
. l - 141 o -~ u U ) 3
- \Pl{ e - . - - o e
“ '\J}lrllln! " .lt..-llrl ti.l.!.ﬁl'laf .rt'c’}l“
x
’ - ¢ - -
- Y - -
. s - Nk i it e '
lﬂb.\l\n ol ss\#l ... CX M liu.l LI SN hb.\..). -
F 4 - .\cit.\di ) b hl.-..\l\ .\..b.l.\ii .\.\il.\\cb &.
’ S, ' T T
T
\ .L!b.-... ¢ .\q)q .nt.\i.\ll.
. ey t T s>
|t i At s R el s
\..!nhn d\ch - 5-\‘-\ ..\.-.-\ .\U.N...o lu.N.-b
ey 13 .\thl.\i Ty . .lq.-b.lﬂ
“ .II.N.-. ' “ a L
[ 4 e ¢ Yy le -
. ’ .\.\.l\.\.\ln\\ Y ..L-.\v \..\ -\l-.ll.\.\.ll -~ \-.\l\.\ll.\\
e - e s P «
ﬁnl.\ ~ )uolq._.l 4 ‘Sars el A
\£ bt TP 3 Ly aiat T PO I
’ l.\u\lon\ ' 0\.\:\.\\\-\..\ .\.\.\..\Q t.\il\
? . - RN L .
- . g - -
4 -t.\.\-.\.\- ._w.\-" ' ..\ﬂ! -.\.\-.\.\.- -.\:.-.\.\.-
V.\u\ a""- .\L-\.\\L-.\\\ > VT .
: \. "r -a -_p ¢ .rh\;\\.l.ucl .1- -, u.-lclu\.
.-....thn. 13 - .-l..tltn. l-.\tln.
? L b e Tl
’ > : -~
’ s Tl trsr- g T yrLs P
v P T pre ot w e’ . VL
v\.\“\ y o o e ol i, - .
\f\.‘\ L.\r.\.ﬁ\\.\ b e X .\.ﬂ\.\..\.\n\t .\.i\h.\.\\\.\.
? T, b oy, "
4 .. b Y L
- L P wr .-
\...-t“ntl R LA " J ey v I ‘-.\..-.\-.u i o L \.l\q-u\lu
AN e e " t.\.\\\.\\\ e e .,M\ - EaC R
- - - i LI ] o4 . LB
“ .\\l.l.\- 3 .l\\.uu\u |\l\|-la\l| .
- e o : .
“ N wwr" Y qd...““vu\..wl . B . LN 8 . . amwe™" ¥ !
LN o €l . e e, Ty KRV o |
4 - o o -
e piE : Yol o~ TS '
“ I\\.‘I‘\!‘ !\I.hv“\u" 1”\\1 \.\“\\‘ : o \.‘l‘\‘\\ .“
Tt.\ ...1.\.»‘ P, !:\..1..\.»«: \-..\-, .5 u-‘ . ._1\-, =
ot et 3 t > iz = »
“- 0\.*1\.\.!1\.\1 . 3 t\il\!\ia\. d c\-bi?\!!ir\.
’ Y e,y ' v il P I .
’ = ?tv h\\ I . Pl
? ..\.\.....N.\.c .M\nﬁ 1.\..«\..\11... 11.\.\...«\.... . 1.\\.1«\.\.1 "
T -l e rE o b - PR Hi -d . - ﬁ
kb3 3 “u . ‘o Ve
“\ " e, ¢ - ....:......f-.. ) i e,
\ Ic\.oi? ' rl‘i\.\‘ii 1¢o|.l¢.|. I - 1fo|ilt..
e Frvrw « &~ R . e
/ ey L F = - . . i .
s " bty e . -
. [ " » t VY = niilt.\-i i
R . ot D S .
: - - - - v -
8. A ¥ SR ¢ . ;lllll.l_li Mt gF S u.vu." AT P Q. '
? .l.u.....n.lni \\ L 1’1|_.q-;1\\.1 - T e .. .f-i . S I N
’ - ._--“_\.n.% T e T ram - bl
= . - - - o P
mll“ . . -— - | EE N P - y—
e L - - Tesm ¥
A Fom . R P B Ay
/ D o NG
-
“ PR .....\-u..bn.h.“}..
- _— - : ) - - = ' .
T,.l...\ - SR L..ll g \.\.-\ #
x—..‘ r...!ll\t \l‘ o ll.\.\ll\t 1 x
? St L P I [] : -y
’ lolﬂ o Nh- i \Il\. oY
[ 4 .\\\-.I.l.l\.\.\.l.lo.\.. .bs- I . P m=e? L L-:
w7 y -, o . PRy
!N\!‘D o 4 ay UOLUV e,
. .\l\”. ‘a'a o \l.l.s.\.\.

" TNITe
- :3

o

Q.

L
[y
N

\\\\\‘
M

.
“l

b}
\\\\\)"
.

B B B

o
fs

&
}

\\\\;'g\\\\

¢ o ~ -
AETETY
S : L

g
{.

"

”-I-J

'
l
’

-

2

T,

15 iVt BNA,
718.9 °C

<! e S S
o teer ST
Ve fa S -,
vln\.\t!.,\u
\.\q.l,\tl..\.
LD“ s \!.\! .
Iﬂl\“.. I P
re,,
.
RPOC)
> u PR
err < £
i - -

"
v
. = ~~
. e - ”
O LI
== P St
tl}l{l.
I.wl.!\-nl\-
-
\}v.a It.'
N Jl..'Lr .
4 ’ -
[ Inru'.rr
- .
’ . att
~t R P
ud pL
tw:!\“: a.vl.\.tl.\ts‘c~t\\
4 il
4 2y
r.l.lnvs o' aTm
Iy e
» -ar s
4 -
-~
" IPRRCeed
423, Lo
vy ’ lo\\ll\\l.tt
] \n\.l..h\i\nl
4
-t
“ e a \l\l. L] - N
.-‘lc 4 .\--s v
- A
wo.-t!t. [ ] - g
" lrL-l-...{
4 \..-\.\.
rrx
(e it
.\.\w:a\ Tt
[ £y,
’ <.
[ N et
—b"\n\ ..-\ - t-..\.-.
- -~ V.
Trapy R
| ] \-nlu.\
4
] PECICN 4 st
Fal " P
lUt..vu.mi \.!\Q!
3 o~ g
(] - ‘.1\\‘
r v o I..\ -
“0'. Il\‘\.r v .
’ L]
-.\!uin\ s«\s.ia\.\ .
» Yy a\...
4
)
“ - 101\.»\1;\.\. T
Jows o
[} wa..li. i\bl?\.-ia
3 . L
.illh.l!
r R
3 - - e

*

L

- “
e L 3 S -
Rl

“n_.
- B - .\l.l -ﬂlll-
i 7
- 4

- ..‘.DI.I‘.‘.'[III\.'.‘

Fi a1

T
-\\\ﬂf;\-\\\\f-\-\\

QN HANE ST o toe ot

.. i

v
Bra, A

A, T

80.0 °C

79 N

f -

\l\\ .1. v -

m\‘h‘ .s.-\ Vow - ".‘.q v .‘.-.\.‘

m (ol \.\.-l.\.\ ok dad

..I.“ \.l.. I P

“ 7. - -

el
P TR
= " P - - -

m\bl.'. 1...1...-1.\.\

\ o P g
. ﬁ -

: -
Yo A LA

..}I.I lfla.!ar -,

£ B

\

ﬁ l.fo.r._\..P
(s o
2ol ol

; -

f -
J.H\“ L ..UL) -v.!h\\..V

o R g

; iy

“ r ’. n\l’ \-\ “ n\l'

- D
T m.!n‘u .\L\.!.L r. .
“ Ta .
f Lk el

.y

P
r

"
)
\
)
L
a
\
\
<
L
0
\
\
L
L}
v
:
L
r

"

e :é'
Th

V
N
-\\\-\-‘g\
)
Ny
5
"
,
L
L8
N
Y
"
5
4.

N
N
o
£,
N\
Y
y

oL
ﬁ*\\\-\{:‘-\\\-\
»
h 'Y
Y
o
IS
l. -
3 )
n
.
.
.
Y
‘. .
ik N

LY

\1

1
.'.l
4

oo,
N
"
]
I‘

T
L
4
“r
4

Y
1

3

il

-
LY
N
1

\

: ]

1

\
w

\
‘!

e m
V-.i -..-\.
r . il )
sl Il.vu..ll...t
--‘-'-‘
.-

“-".»
B
b
o
L]
4

PN o s L
.

1
>y

I
?.F-\-

‘R
NFE -
YF*ED fora
FE oy
* -

.-».-inr
QR
n\\-\...

-« TN
L W]
».lsllxll...il\llxli.l.
.

»

T
\
-\\\-\:\*\-\\\-\
]

3
e
Iy
Iy
\‘
)

-~ .
'

“x*
<
-
*
"
Y
L
L}

\.

.
5

H

=
1
3
R

-

4
\\-\-?
L

Py oo
L G
%

\

t

v,
X

b
S
b

A y
- L Y
:
o ar ="
k - il
M =
i A
“ L.P’.I..LP\‘

) Oy . AN m -
ol Ry r A
g ke
. . yry. - ll.\.l...l.l.c$sv ..
.. f .vlli.\'l.l-.
L A “ .l.F.llq
. Nm il .- ..\....b.l?\
R %F?&tu : Sl
5 e
. _ .
L)y -
—.b. PP i
e ALY n.“ o
.‘& I.‘L.\..l.l
“ A
Y
L
.l-...ll..vn.’bl
.C“'
-h.h.h.k-t.\.

--n )



CA 02828535 2013-08-27

PCT/US2012/026938

WO 2012/118802

Y16

Fiqure

-,

v
Ay
ARLLRAN \\_‘

N

[
\

Iy

SIREN
[ PR

-
)
‘\‘:‘.\\\
:

&
‘
\\t\\‘:‘\\\\
'8

44
ALRAR ‘\?

’
i

LS

L 8

N

&

‘l'
X,
\\\\\\‘\\
®

N
e
=

L
1
AGZLLARRLALRG

3

“
\
:

ol
:\}\ LS}

*3

“51‘“*:‘1“*'

'\‘}\\
3

N L

) |
3
.

T
AF\_“-.L T
] !r».i.&
“ .
- =
o B b
S, L P
B Ko S v
o g
v A ia
[ S g
Y L " Ll

;

1
\\\\B\l\\?‘ \\‘q
* 1 t-

~%§

\¢
\\\'\':\[\\
h

X
)

.

sl.-\\ulﬁ\..'n.vtl%}ul.l.E .

0 nM BNA, T,
76,3 "C

R i
55
.\.k“\\\-\
SF P,
- e
. R
. L 4 -
«

50
M

o

~50
HPV18

rEA M

o i —F T
- [ ]
Sy )
-, ¢
- H
PR - "
-.r.tm.r ‘ul\lv
it !-&u‘u
S e
a4 = .
ey X
- »
r ";\nn
[ ]
WS o N
el I
S T :
- r
V-, 5
. —t
N .I.Lz!u.l !.l.\‘
T ¢
..vralr. r
- e r
T g )
T o :
L‘Q\\ [ 3
£, 05 v
ap, " a ) o b
Ay, _“.-V-"nb.
v
.\.\.\l..k\t.\ "
- ]
-
: .\.l\...l.w N ‘-\.oﬂnhl..
Y v
o l
J— e et S
8 - [
. Y - . T
. - Yt e
T e ""t.l...
-~ )
- vl
- - e X
o Lt
.l.\tl\llv.l r
-r H
- [ 4
i T ~ '
o Ly
Nb.\.\.\r.\.\\ - 1“1‘
e, "
e Conk
.ﬂ?\\- 11.1-*1
Y m ¢
. .\f.l\q _ . [ 3
- [ 4
L & .ﬁ-c" .
-F :
i 1-“.(....
Voo e, ... k
e F
i Doy
. ll_ll.\‘. r .
- \-\.\..
lbuu.\.t)..l* [ 3
Ctiluvb\ "
r
Ry s o -loqn\..\-._.
" )
4 '
YOrrdw "
- -

- =-"- )
\.--t--..-‘.x.- u\ q.!.l...
cv.lc\ "

A -y - w \.\.-..‘
el . ¥
o AT Jvlo‘\“
“+ ‘. 1 ¢
p—_— *
A i - A r
i - .".‘..l.t
e e R .

R E Sl - Iy, ¢
" ! 1
- .. e N

-y oA .y
- 4. , ‘.‘.-,
L] ....\l..\ll..l.l..n.\..nn!\q w "w.\-\
]

t.“
~§'—

S
v.“:_v L L ]

-—--—‘—-Q——"-Qv

f

T

45 seq

4

\.k-.\!n.\n
0.1&-
e -
Rl L 7
R -
.._\ul.
-
I A
L e
-, iill.\.\l.. £
- lsl\.l‘.ill.a.
--
..
T w_
. »
.\l.\l.ml.s;\..\
Ya
bl

.x‘. H - —— .
\Ls. " . \1.!\\
#. \!\.v..J .Nb.\.

1 V) Ll
) 3
o
“ -~
. rra \..\. I N
- 2 T
(ot -
LI
. e -
15 ekt o .
...lbl\ ;
-
i B L...\\lll;\.\.\l.l!\.‘ku
D " \.\.\..l\u
T Rt L P
;vs..““ ' V.7 crs,
R 4 o e
—. l\.l.\.\\! -
_\.- U\.\-"‘-\{ Pra ",
> r Ntiaml\lc. Yo
C\“l ." .1:]-'10
'] svt - ﬁ..tl
b LI,
’ "£ .i!\flll
. ] A
..*- " ...-I-' -
=

R

e

Y,

-

f{

20 nM BNA, T,
= 76.3 °C

s w2

“wy,
0

BNA, T.

75 nM
6.3 °C

P

.
MUY AT YWY AN NI AN NN TR TS NN YT Y T NN Y Y NN YT NN NN AN AT WA AW AE RN AN AN AN AN AN YT AN TN NN Y YN AT N AN YT N YN NN NN N TN A T N YT N Y N NN N Y SN Y Y NN SN A Y TSI T T T A S T YT T YT A N Y .

r
Y wan,
L
-

-

b AL LAL AR R L LA L)



PCT/US2012/026938

CA 02828535 2013-08-27
1B

WO 2012/118802

3

A

T, =
AT =
AT, =

T,
AT, =

w2l s
& D
1)) i
s )
> 3
A, O
o ol

S50 nM BNA, T, =

H
e
<
>

b
Lot

o

ﬂ,.m
F
P

{companson)
50 nM BNA
75.3 °C

(I
< °
= ™
< 0
3 I

50 nM
8§0.0 °C

-y - -7 / - ¥ - Bl
d - ’ T r  wm T 7 - . e f P .,“
i-L \.\nl.\ -~ -..\ql\ i‘-__ l.\.l.\* . -7 ‘4.\,\. ﬁ \\.\cll.\ 3
-~ -7 ”~ ~ A -~ ol - A P . ol s . +
.fuu.nl.b tt.\.\\u\ﬁvln o v \n.u.lh. .\t)\ﬁln.\.tl, Jt...““\l. on.\oiﬁit\. ) \A.““l.. ﬂlnﬁ.!uii\n cﬁﬂ T «I\.wl...\.«...l. ; m;“-:w;-“\ ..ﬂ.\.v.\\ “
4 i.\ln\“.- in«- ’ ..ﬁvus.ut y -t..n s.\l.h... - \ttlti.\lu,\.v |
\u -\.li..\.l\..tl\..- 4 o .\t..«l»..tt\.\. “ t\.......!»...s...lsx« ..\.“ lill\;\li«l\. .\\.\.\l\.‘lt . “ R \..\.“”
| d - MK, 7 S Y ~ -~ o g e 4 i LR L .
,...x.\h\. M S (e e N L_..uq.u.. L N P .t.“....-%u.. Y ) y e e, . g e < 4
u -]lﬁ\-.\‘ ‘]L’ “__ ‘l.l_..s.-\iﬁ \ -l.l_.fq -\.!Nfl.\- “ ¢ '].I\I-i.l\..-.\ “.
- - / P St - - .
M e .\......\. B r ..\..vl.. Y S .\llﬁ f ..\\..\ .
P - = ' r. r -~ - -~ b -~ o f - "
uu..\.. ....xe\..-....r X et Ttman, d .__l...-.-\.u.. < f TLW&&! Fouo . 4 = : Teu . ¢ Pt e M
L .\i\.\\.. llu..\' 1_ N\blﬁ#.s.\ \ lq‘\l‘ -y blu.!....' “. .\‘bl.udl 3 “
iy / -t P
i o - r N ~ -l f . .
wn.nu \.\..\.\L.\.t. Y l.\..i\.-\ .1-“ \.\\.t..\tu.. \\-“ _,L.\..}\-.l X4 \\i\i\ . “ ...nn....t\it...__.
k- z L. - a ! - _» \. ‘“‘.\& > J \ j \.fn\. ‘\ : ’ Pt o- ~ v } ."
l u\"l ’ i..lciot..\.:. - n\ltn\CIu\l - r - a.\tl\l.. - “f ltn\ll.\ttl - ’ i..l\lo.lll-.:r \l\\? tlntlrlc.-ln\ i
/ s !
4 s o r ~ / »r > £ gl
oY i o om s n e yon ‘ i : prELd :
.u. ) v - < - \\..-q.. ~ \.\ e 4 L A ”{ P
\h\b L s - ' rI s rrynr. .‘.\uwﬂ It LY VP o : sy LTI ﬂ.\.\ﬁ S !l
u .\..‘.\.._-.\1.\.\.\ S s T “ Sty , . / .\.\\..\.\\.\\ I.\.!\.t.\.\\.t.\.! “. I.\L\.\.\.\i.\.t.\\.\.\ )
- Xl
L ro® \skll\ -~ -.. .\ll\ \ \Il.l. s l\l\ \ - i
L- \l\ !l\ﬂ-\!}‘ Y A-‘n‘ A K-\ 1l|‘ l\\l\ e J.‘ ‘_ . 4!.‘ 4ll\ Ll ’ “ . N.l‘ !ll.\ L ’ - \ll\ =" - niadl ‘ - w !ll\ L 1‘ “
4......“\11 Paag Foie R .1-.\{.\ K ) - ....“\} Yy, 2 am,, ' \.1._“.. e, r X
4 e "t ea, ’ R SR ‘ Eala X Py Sl g P _\-.. qu-..\\..loc..“”
4 v : : ¢ rolly
Pl .\lk\.... ...\..l\\-.\- r \\..l.\.. “ \‘uk\u.\ . -t " f \l.\k.
] VE bl il r - - - " f - .
=y D e, e e o4 s . o #~ i T |
A wm Ea e I - T - VY- " .
M LA T .- v o 4 bl S -, V- ...“
L = ‘_ e \ - L ) ﬁ \.c.l.\k.
‘ - - r i - ey e f = R]
1; & g Sl Jnn.t«t.........q.t. :.___ | e A \\.“__. e A - - T # f . LN o .
AR A q ' i ' AN ) s Y )
p ¥ )1|I|}r’.ll.11.1 “_ﬁ B e o TP Amm —illi..i.lll...i.i..r cl.]i.ll..f{.r éjlli :
4 i o T ’ llji.l....-l.._.‘l “ e PN .ll.rq.d.lll{l. f lln.i.lq..-ll-.{l..-uu
. . o
. u : ..‘\li.t.....q.:..a. “ Y L Sl “ T L ye T “ T ”“”
G M-.ILL et b...q..“l. . n.ll“_-.n‘..\\ ...pn = ) q\-l\\.\.\ ..1.“. ..Y -\M ..w.i. mllw'\.\ .r.\...nl e -m
f i T e - * e . - 3 - e L - R o . Tty - .
u \Hnu”a “._ ol lll.,.-l.«.. m. o IA....H “rwa, -y “ i L
...L ?\.lnlnlﬁultl . ..-__ lvllul?.tal\l y lnllnltlﬁlul.\n. uil\lu'l.\ut-.‘n. ..\ t-l..-ulilﬁlu.s\' ‘
wﬁ. ' FaR' : ~ -.\ - .
o i i - s, o 2 il Iadg s A " Lait, o S :
ui Ai-.#..._.!‘..al ’ h\%.!\l-.‘.vlu.'a “ 7 hl\i.l\q\lll.’ li-.l...h._\..llqvl \\.“ ..ui.-.!li-.l...-.lu.l\ k
‘ 7 r r / 7 e £ e 1\
. . 15\1.\ 11 1_ . ln\q.\. ..n\q.\ " ‘ " \.!o .
. : L\k..m\u.ﬂu. \n..\ .ﬂ ol - |_-..~.-..\ \?\“ ny -.\..\ [ ” xR ..n..\.\.n» i 21 = \n...\-n\ v“.
. b ~rr " "4 a : s r.\\.n-.L.\ ‘v.\u - y *a )u.’ ‘n.\.- - Aﬁ - -.\._- - .\\lﬁ\\“ c\a - ’
. u .\...n.\... v o~ .\;-s.\.-.\ s - .\.\.-.\L.- . g .\-..\.\-..\ ‘.\.1. .\i..\.\-..\ M
: L] p) - ] - a .
L) —an -.. — 4 — " - \ - .
.r o IR r e T ekt e ame P r I ..“
\\L.\‘. a\-.- .\3-—\‘. Wt T \_. o " a - .p.-ul.. \ﬁ\ - .
P .\-L w'm"n TR e n e n, -, c-__intnt YA Ay — (] \“.\..-\.\I..&.- “ A “u b“ - frp . h‘ln\..t n\.“.\h ., %
) -n- S I / - N e .
" - v % r )
.u 4 1\.\..!..\11..!.\.-\. ’ .-..\.\..-..\..\.ln\..l “ .-.\.l.-..!--\ll.l-\ ) .!.\.1\\.111\.!:\ f .-.l\ri.-.nl\.l\. o)
ko Al pordl, £ Yoot e bror - ok P i ]
' L.;\&... RS “\.-P L PR Y ALY SR o' ... Cres L .
i .\.\.I!.\.\.Q-\. “__ .\.ll.r\..\l.r\.ﬂ “ ..\!I\.\.!l\. \..v!...\..\!r\.ﬂ “ ..\4!;\.\.1..\.\!
‘ - - ‘ ;- - | 4 | 4 )
b . - !l!\-.k!l.\.\ - 1. ‘I..\.L!I.\!u " / . ‘!\1\\!\1\' “ !l\\!\!!\!t ﬁ . !.\.\1!1\\15 ol :
&uulrl unl\. Y r ..1\.\_ 7 N T f \...\.\\ ¢l
“\ﬂ... = ‘e st a&.c\.bl u wl\-r LA Li\.‘.li M -f\l-\ s \\..\1.. ﬁ..\l\ ' CLY \Ii.. u.‘l\l.‘r c P\lc 1
i .-.\.lir\.ii-. !\lil!\.li! “_\ \.\.1‘\.\.‘1!\. 3 \ \1»1..\.\.1:;! \...it\..oi:rl “w \.s.la\.\illr\ “
y A Y’ - ‘ S 2L ¢ e TR
i . 7 Y A u__ Y Al i Ry Y A v n.....m.,l...-..! )
% . - ] - L o L. o : - )
wAAZe. R i S T4 P oo, ; Iem o H__,xu.n ey ..“.
VN oy RPN S o= tes "o X, war. L RV ; ST .u.__
. ) s R -G g f e |
‘ v r o - T I f i .
ol T o Pt . .T..._ e T Rk .
u\\v\ q..\w - “tvl.r Au...bul.\....uu n..._N L “\_‘.vl.i. aﬂa.#.u.t...-u . \\0\# . Voem s MH
- b K " e, A TA / ., . ’ 2 - B
" - A IR iy / - f e ““
: gd, Fre 1 T e pad et TTR
’ \\' - .'<.lsv\.l.....v¥ . +7a . \\ ) vnolu.l.bnv . “ tl.cnvl.lalu. “
. ¥ 7 PRERCRINY: 5. Peiss's £ PN -
vt ‘ . 1_ \.\l!.\.\l.l. ‘ . 5\!-\\\.!.1\ f . \\.ll\\.ll o
- / - e -
i, > d ..‘.\ \.’\.-__ a - Y -y e .\....-iﬁ .‘ B g ¢l
JL.L\ JL.«-\ [ ~ »» . a..-.&n\ » )
L.-v‘(-o\llt\\ i -__sasl.l.\\..l.l.\\. . .h JL.\\\,\ {‘s\l.\\\ll‘\\ \{\n A e aa ..“
5 “ SRS “ wsn g
. v o “w y Y / v ad 4
ot ALY o %1l £ e = 7~ 4)
AL .\.t r lL.I.t\.\k. “n'. Fara tk\\.q.vl. f . .qia.vn\!\. 4
> o [ i - |
- . . S - "~
.\ - \\ iy - Iy in\li.l.l . QJ‘ \\.l.-\lr.-.l \ll\.ﬂ\l.l o !k..-l\.l\l\l.l o T
” \h. . l“ut \!\.4 el as H - “um\ . Frodu .-q"uﬂ.. oy e w
) !l\.l\l-\luN fl l\.l\l.-\nl.!\- l\ul\!tu\!l.
2 - AI‘\ - 1.\.\
’ ~ - - A - -l\. _ "
i y Ly : P al -g -&. o i y ' i )
ﬂ : n}» v%\ l.ll(ls e P L .\.u !\.ﬂ\\! Ly ’ !\.4?\1 - ‘»
Fra Ly Ml : V.
220 Qo Ay v .
“ . . n\ “ — g T 1‘1\‘ ° - ) Ch. . ..l\ g * .!‘1‘. - Q.\h‘ - et \1\‘ - T - -“H “ . - ’1.-\ - ‘-l‘\. -
A n L PN Et o T - G Gy an T d
- ui ci\.\. v “_rﬁ il-ulfl-’-h.ﬁillfln rl.c 1.1x).— !ull{v\il- .V’Klll..jll.l - T ?.i{\!ﬂ!‘ljil .
# . . : ¢ TR . e ™ - s TR . K
: Pl . Y s e e f ]
. 1 ”‘l 4 ..I.\.i-\u.\lnla\. ﬁ “ .Ia.i.lill..i .I.I.Iclnllvl..l Q £ .I..\ill.!it!-llv L
\.Lliu_q - -y “__ L(\.\.i .L \ \l\li‘! \i.tulll. 3 \ll“ A.vu.\l B i
. ry v yr-i . i b, 5 l -y . ry 1s.v1 k
) uﬂ.... e, & \ - - ‘T e R N ﬁd ~ ‘ i I I .
v u I\\r “ Il.—.‘bl‘ll ﬂa“.\ \ .lIA..‘...lCl.DI‘ VII.“lln‘.\l r.k. LI [ “ lIlu‘u!-OH‘l nﬁ
’ et A 2 i N N |
u o ) “ PP e .-N “ P P L-M . qe“. . “ e b....-....\\p\.“”
- . - - - - - - g3 i . : '
. 1.5 R s ) X A Pl o KM ol it sl s 8l
o N o R S, oA, \ﬁla. s . " e, e ey : e .I.J}-.n.b.“.
b y ey N / A = s A oy ’ -
o !. S l“ / . - - . ‘ l.'r’.l Ny
w. ‘. u .\ 3 ‘_ Al - N “ " i = - Y W -t - .’ - s ll.lll’.l. " ’ . 5 - - “
g L4 v e LA T T vl £ iy Mt T R33Ny H
: s Ty Ay, e A, Sl S CRT A ra ) S Adaa e, M
b J.v " L N - .-o- “ o aa-,, - arb..l.\ .\. Bt e 4 s - aunn ¢ [ = S trsl.m.
d .\t&vu_\(l N“ . “ o - .\.-- ; W-MM \-“ -~ .\.l.. \.l\.l\ Pty - T m 4 . \.r\.! M.,\.b -..bl‘“i 7 S “ “
L.L...\\. 4 A-_h“\ .w . e e .Dv\.\ e ‘o ‘. el b“ L ‘u, \ﬂ\ .\.\.\v\. Cos.- A}
; h‘-\ ‘_‘ »'s s so Au.l “\. » A \!.\ i A .tl-i ) owh » A = vi ‘ ~u .1!.\!|U\.v
C L) r b M d . e M N f s ’
o 7 7 4 PP i i y .\\.\\..\r L Yt £ ok e
A. i ) AR P £ - o vl ﬁ i &\.\ * .\. o o ”“
.\..;h\lm .\.u}lh “r, st "1 " a, g ' \.\vl. v,
L “ Prota e " re e ol P e Frr ¥l
u “ ,1.?.\.‘\. / .‘\.4.‘\.\.\. .‘.\.4.7.\.-. .\‘h..o.‘.\ “ -n, v“
Y s 3!
d v Y / - -~ £ 2l |
M oo R JRR ey 2 e L rFrid .
b VR AR o et P b X atll e et A A N e .
%\ \L k\ﬁ . e e }” v e » rb e . £ o Uft.\ll% o \"- Y. e - ”“
u “ 1“1 “ 1\‘{‘ - 1\‘{" 1.‘.\‘ R s “ . oy “”
‘ " - " / e @ - £ - A0
" “ J\tllv\t.\il. / - \t.\(l(t‘.].\ = ‘ttl(!n!‘\lnl . 1111.1(! \1“ ultclnlr.ltdlr\
R ety . LT T 0 XAt s B ST, Gu, I~ .
Lo r TV - S 11\0-..!.._ Ty TS e el fnl,..(l .(l(a...(-(..
u ‘_ "-“11: “ "31‘1""! "31{["{ "il-l.s' ‘ "31{‘ “
‘ r 7 y v M f ~ 1
] r o\.‘iﬁ.i p) .Ii..\ - f .\iull o
L. ﬁ_ ‘\-l‘.ic .\ i.‘.ll‘n\i L.vulobo-vi - . . Ltal0§p||| ‘ 400\\1 . “
._. v u\..\i. “V\\... .......t".... . L n“i.iv- F oo ln..- . e e nﬂ-u . m.clxl“w..\\ ha.\..tt.. . ' M
4 ’ fva, ikt L PR T, S f SRR §
: : = S - : e
L . . - ¢ / - - L g A - - - i
3 AR 7 .-.__ L\.}\ ) POy A = 7 .H - «]
s ot . 7 A - " £ T ‘o % .
‘ - . e e S r..r“.f.tu Rl S ..!..fn?.. A s - T )
Pl r - y LT - f ey 41
u “._ il ‘ - “ - =R
——— il é e o . S . e’ (AT Al
(o o oy e R 8 S T !
- P‘.IPDIIE vl...-%r.tll (W b REH\ - 4 l..v ‘v‘r.. - e ’".\ e }llil -~ M
- - -y -y - - -y 4 i




PCT/US2012/026938

AT, =

0 nM BN
713.3°C

HPVST seq

50 nM

73.3°C
f?SJRN&EﬂQﬂg‘YC::

13.3°%
100 nM BNA, T

73.3°C

V56

18

CA 02828535 2013-08-27

WO 2012/118802

...... 1.!.. I ————— S ————— —
- w O : .. el ‘.- 4d
“ \ll!\-.\.:l.\.\uu.- if“ AT - ; “ o -
A e, ‘psats ;
A Py b iy N d ‘e
] It K3 t..l.l.\.i.a.lnl..!.a . J e
ﬂ..\ el it & . } ~ay _‘ VY a
o i [\I\!-.L..\. - ty.ll\.!..\\ L vy -
o awr= -yt a.._..\..\ ’ / st
sl n....“ e, i "\-}\ it P ul.lw.c..\. Yans ay
AL, rw |.l\f.iﬂ .w -u L .oy \. ~ LR -y, .
v X 3 R .
“ llliu.\l{\\.\l.\\ .} L l.i-Ll]\\.h\L\\ “ ] l\lil‘-l\\...\n\\\
...\{. -l . . - -
v o A AL S i AV T T
\._J.\. - T e - T —— =y T -
o “f.. T ¥ A y g
oga 4 T Y| s
oy & -~ A
e’y o ol AL e el . 7
e 1500 L Lo
“ S -~y --l,\o.l.\ " <~y r.lil..iv. “ () . Plto.li
PR . g
[/ (.l.\.k- v F \l.\.n\ w - 7 x 1&1-\-.\. v
- LAyl i s <., T g
ur\.L.\ it T b T 9 e,
== e + - J -
“ L.D\f.l F i ot v .- “ e - \..‘...\.Q.. x ) s
t Bl o y I -
\}\..\\.. N...f - .—.‘n“J.w\__ u e *.,.w.‘..\“n u. .\n‘.
i~ - e a } e .- e o™
- g P > L w g
v > } R -
v r ]\I‘-Q.\.\IL!.\\! .} R ekt \\.kl.\-.\t\ u o - .\\.k!-\\
LI -l AL S DAL vl
ru-\ﬁ..u - - L T ) ¢ VP, L
v ~ary e " -.l..!\.-\“\ “ oy oy
4 PR 4 PR & R,
v - e L » . ”-. "t-.\.-.tk.k.. ) “ P v
v - Fowp . - o \1‘\‘*1. A
ﬂ.\.ﬂ‘ “ry L + b.\ll.r.lti\‘l ‘e J T L
“u‘.rl.. L “ . ...\r\lc. “ e L
v J— v - l.14u\\.\-| - — aff
s Lll-.\.-l\s\ ﬁ _u—.. - \n.\.\i..\ - -!\n \n.-.\.-ll
v L. - ﬂ.-w * - o - &
i, hll.\li.-\l\ w hubl:\vb.\\\ “lrb\ lurltl‘vi\.\\\
el e 3 e ; s
- » - W W I -
’ —— - pep— o e & Lt
’ Jlll\.(‘l b \l.\—... '.l‘ll. . ' YR PR o
b ‘-llt.xvrl.! - l.\l»ruvlq
v -  N— .- =) — -
7t g g L LT S I H Y Ve - —— f .- S— S
HBIE cres, ! H e, ! e,
v’ EFR R 4 R X
v rmm el 3 PR Gt w PR L L g
o are - .vn .v..\l.i. - \n. .\ll\i. -
.“.“ v T e, [ TS, x-. v,

R ﬂll\ ||h.\c\lli\-‘sl .W -]\.u.l..tll»-l. \ - .t.ll-‘\‘
.Il._n. \A.).)t r L, ae /¢ VEa
. v I 4 o J L
wr\.cu v a 1] 4 dpra ’.

N v ‘-, 4] T rr L.

AL “ra. ' Yop . v,
A o T L] T R ol bl o Pl = T
T b - 4 A et
LN . Thom s, . 4 Toane Fmca L
YAy, . g piatt LAY P i C L PP
r - 4 -

s Samm AT P u . R 4
‘uu.\ - e e R bos e -a

FrFw T - CE Yy -

o ay Tt o | N
" e -
R L -t b R ettt
i FEXEE .o ST T ST
‘a ) . e -
= s T batra’ ¥ o Y

-————
L IR !n-n..-l-.
. -
B ol “ T
-

-
e ap s, . .
Y Ty
BRI 4
- - . .
. . A
e ..-- i-\.ll4!!\.l

v

.
-..\L-t!-....\ﬁql _
.

- 7Y

V- —a
«
P

e

- ve-"-

« s -
R
. e

- -
..\(l.lul.t.rl\..\.
-a a
- " o .

sl e ca vt m et e ey S «7
't ed »° . ~-
B T G .. aaaid I I
T amu e m g, L P
- i -
- - . s -am,¥ : s -
- - - .- R s i - e i
1.\.\..-!!.\.\.\ .n\\-hl!r.‘\ \.t\..-.!llv.‘.\
&0 L, lenl s - A
T e TN e . e e
ARy BB rw e ) BB rrwrn
rromy, .-n.-u\.;\ ' m.n.nl-\-t
~~ - - aat= . I
e i e arr VT - T
" - -
.r J x4 yre, .
i A S . o - S i
\\xl!\b.ut’.\r \\uu-\!ni- . s\.ul\w\.c‘.
- - —
.l\.\.l.\q%uﬂl\!-l\ h.\ll..\ullul. \ .l\hlv\l.]l. 4
C ow L wE i
e S e ) TEAA e
vy Ly /¢ Sy
. n\\.»\ll\\. e .W_ . .\.I..\!.\
e AT . " - : " . e
. F .. -y - )
VC e ﬂ“ . * Ol.l T &' \“ - *- J.-ln‘v
P v T~ “re — r .\l.\i . < ? - U!
’ . "o . - - . .
lixll-.‘uq v Ll..\&-k!\v.l - P - a’.. |.“ .lill\.ln\l\\ \-v‘\ . !L \1.\0\!\1\ - &
vl v 7 g b e - e ...L.\\__»... i L
’ Fru een x s Ry pil (W o L PO
TR it b e “ i S
.9 e + e 4 .
PR L e 3 B W S 1 / g S
e Y s {55y - R il 1 A T b
- 5 - ~'dp e = [ o
L A res .-r By, u_..l.\ Ty, .
L - . . Ca o Eabdh N .
v et P } .l..L.lnL. F J lll
/ et : et g U L
Pady Sp RYT 4 A o P ot
e CE " Vo oa .s.v‘“hb ﬁ.l.-!\.\! .a A n\““.‘\ fra L] s 4
v L r e Y .
.-.Lt“. > R L ¥ o -.x\.-. m 4 el
- N B I g -k axe - A -
gy \s\u. 7 o ~Aal AT oy = = Y ol
v A, s A ey ) e I
g v \...\...uk..\Lv.. ¥ IR VA p g e
. 3 vl..-v“a ‘4 .lli.Nulh..\\uNl ® L ....“.. -t .\\..-..\l-hl- v .\\h_. N, e e
. . \R 4!\-4.!!\! - "{.luv ln.al\-\hﬂ\..\. - “('I. !lct...\.ﬂ.-l\.
T N n, .. . RN . AN e,
” t.\ MullI. N - \\.n\.}_\ J -y IOL
.N\Lr‘u\ . \.\l-...\q\-. ll.v Pe .\.l.t..!\n 4 .o“.& I\..i\nb
“v s 2 ’ RN y 2 Y .
’ Prvrtac, - ¥ A awy s . r A v rmrin .
K v S NI .v ( -a . x l.\\l..
e, .. . lJn\\l\- — |\\l\\ \“ g las\!‘s-\.‘ ’ o e
: 2 = L il m oo
. " - 41 » - \ r - ”r > r - v
: e A I S B PN Y oo .
: o ’ e n, ' et ) Py
i . v 4 — J -
- Lt I .\.\IL..’I - .w F - . -
. vy z. o % £ N - ’ o \»_ﬁ "ol
. ’ pC v - = ”-f il 2 " - 5 Y
. ¢ M o T } i PPN J bt o
: ’ - + o J rhd =
= . o " [ . " ——m e
: 725  caarmeTS 3 e o s b e
N \f (..n - r-v \b\.‘.‘ it Lw'.l.“ t..-.l)a.
C S = e - P S .
- v Rl W r Rkl I JPN p -y 4
i v LT T 1 . Ly / -’ s
“ O 3 “\.\.\\ iib\.!\l|r5.| A “ et \.l-\ - p L S AL - ;
y .-J\.. P \\Lla ﬁ‘ ﬂll.vv ‘. >1H .-su M-i...h- ‘o .tn\-
/ -...-\14\.\ - .w\- .l.-.‘qu-.\s. .A “-\ !l.l\uu\.c.a\.
¥ Al S ”v 0.\‘.- L -l”!
remd v . LA } .. ey X L / . L L
e d it a =T % B R L 7 R R il
’ s, = 1\."5\.3. Y. u__!.?\ T e aa
Tma . : SEC TN e E—
/’ v o, [t ] by X v F R J Fom
v ST ] 'y | 3 PRI L) \_ 4=
Py = -p.- vl L A, . . P R ki
L-.o\.\c.\\\.\_l\. Jc.l!.. . “ .\l.\..\c\.\..- _b " \\..lan\..\\. / .\l\.l\t\\
- TRRA - Fad. g N S Cat a ) 4 \-t!\r »o
“ o “.\.\.\ g P S .“. Oty w P N
- .n{ "‘\ll . “‘\-l - "\‘
‘ - ‘\I.l{}‘l\ ‘ ‘\-'. - \ \.\L--
“.«Ut - .\n . L 14 N - . b i .uls.n?\llunl.\.l\. 4 o l.us.l,.;..in-nl\_! L4
- -+ v\- Jv- - -\..\\II_LL ﬂ.\.\vn '\.\.I.BL \.%‘;l_ . I‘.-\L’)
v LI ry L vl ot F .. N N, Ag VPN ..
e, . gy [ 3 b \ L WP
o - - S P ma . -, .
“ i . “ 2, . “ VB, “ LT VI
v - - ) .
T e i e
“ lc..\.\-,lk..n\v - “ .\a!...\.l-_ " -_1\‘0\..\-\.\ “ .\.1-..\..\.11\.\
) - ™ . . . - ™ . -- .
Py, . 7 . - - - - . -
. \.. “em v. -\.\\ ﬁll.-.v o u-lk-. t\.r
il b P - *..\\ Vo T P i Jar = e, . ~ .

20
HPVS6:HP

~50
V87 seq

AR S A% N A LD AR R TR AR AT HENE IS AR R R T R R R AR R AR R AR R R AR AR E SRR E AR E L AEEE SRR E AR AR AT

SR AR BAEE LSRR R T REEREE AR E D RERE AR AR R RS AR R R AR R AR AR AR AR R R R T AR AT Y AN YR TR ATFAL R AT T AN



PCT/US2012/026938

CA 02828535 2013-08-27
120118

WO 2012/118802

T, =

n)

A T =

w

COIManso
75 nM BNA, T, =

30 niM
13.3°C
73.3°C

0
73
{

B B 3 o by R I R S ..\“\.;..\ e it Wy e o A P = I
wt. o e / . . e wmmw e wmm AW
P ¢ o ' Jxafr v [ Aol
ey Y .. - I LA - : e ‘-
’ e, / . A e, . -
’ ll\.\.\.-t\l . - e o — Ve &
‘ -
rx>"N T I
|\.‘ .- - . L)
A ey R . =14 Pl fm = i
- LA g AT *iae., -y e,
bl oo, §
.\l ; -
- et ' . l\.kl.....\.t-l.ﬂ PRI D
F g - - - -
v v TR PR R 451 AL B
’ Rt at " " g / it Rt g " T - T - .
r = Twfe -, - Liu.«.t\ ™ -
ﬁ\ﬂ!.—. "u i ) v r= T
- - - . e .-
v Latt e o O R ot
-y - - L= . oy - -2
r -y YAy .y
‘}-Q..‘ L Y ey -
\"‘ i.\ ‘\.\l‘ \-\.\\n‘u \‘f.\.-‘
r R - - { o
r v, L, v -. . v!.;- ...N -~
e \.\....\. 4 Fox < i.\.-.li.’ i x \.\lu\
- - -
ra? R P e - P Tvax
.\t.s..\\ o J g -
g - \ll\.\. |\lL.|.l.O !l\r\lﬁf
- - S g
o v o R r, Y
~ L o [ 4 rw
Yot Sl - id et m. . o A .-
. l..ﬂ.......&. e TR -, Y - —
- .
r EEL LS EEE LA \ulﬂl.(«.
- - 0 -
' - - J llL . o \\‘J._v v s
] A. £33 L . LAl -
- *p -,
- o LT - = e,
L W 4 - Ly s il
v
? .  aa : - P
’ " e v =
. el " vl e " 3 s .y
ol "y e, \\-u. Ty LRI A, ‘W
- e iy .\5..-\.. ) 145«
{ am P4 od / . oo Y k'
) ..\.I..l\. y P .La .. R r o'a . PRI o
r e i 1 ¥ roc4g r
’ - : Rl AL
i ¥ ] . ALK ey
F \Il\- X Il\\.* -
r -t ¥ o i
- ! . - -
s_Hf . e IS : poem et r R U Y Y S L
- QM..\.\-I P .E\.lil ~ J VIR L e e v.)._v.. - g -
4 ) B L T | .\.\.Y-lu.. e e e ....\.A).l..N ol o Y
’ e Bl ol ol b ] Bl g Ctie ol ol L.
r I ll.\..\\.\. o« ’ ll\\\!.\ lln\L\!n\
’ Fa - Nd -
(v = PEX L Gha < . e IRV L
- et — pERp S A / . A=Y - { gL
o o J Y Paga e, Ll 2 ",
p B / R A TP S el
‘ --!\C-ll . --!-\‘II --.—‘-\‘-II
r - - = AN i - -
W.Ll.\!- -\ PUCE B i ' -1 O PR - 4 \..-l.la\
¥ Lo ol - ”~ v ll.( . u\... - * - .U 3 ‘.». L\a. *
C llt__\\. - ' - .L\. -
s rea ., ey o -~ Py a
LY AN Y AP Ly
r lt\-.\.b\- —wr s —a A D
- -p BT o eV -y
h\\. A \u.\.,li s Kl -
o F - v 4 #\u.\. y S r
o .. TE e — t.l\.t.llnl. - - tt.\i.rlfl.l
S r e -y Yo, “re u .l!..\ll\..‘
“I. g .- A -~
. 5\.!...“#'-.". ..\tta-l\u..-nn! \.lta-\\-nu.u .-n\\..h.ﬁ\q-.n.-.
- -
’ - - .- v .. .
u.m p L ) ..ﬂ.«ijlxl-u\kl Q(i\i.,oli\lu.- -~ ‘!.I.l\..\l- F
’ - . ~'a . o S
-, r ! -.\.l.li\cu:\t e ey mas e LT
. - . - PRSI R \l.ln\l.! st
. - -
.-, V= Y-
\..\ Ay e, ,, N ea.,, e, .
- — ——a -
. o oy g i L M P o
v ‘ R -rv- A F-
. l‘.\‘ d-\ \t...l i.!ﬂ\i lr?s.b‘,\.
R s lsal,...v ..-..\ll.\.ﬁ Sy
. -y -p e
: ..\.“ ATy T, Tarry
. i s P =
..r ‘__\.\. - Lo R -t
) Lot \".-n..\s - ——r ="
RO . e LI, il R f e W |
u TIrreass B L~ STeAN aa gy
-~ St o -
g . ddwtr T T S -y w ST
. TP T J PP
. e - Tl mar M

.\‘atl\.\.c -
- -

W Cwwa

: e
A -

VAN wwr

L
. = = L B
- .-.nlinw

l\-ll.\ll\v

A

. 1'.
e s A
. apwed
\-\.\1-\.\
-
|..-1\\1¢\.\»

T

- a: -
e v v v ..
A S PO T . Sl D=
- Y i P R
A E I R l\.‘.n\\ - - b'.‘rht.ll
ROy . "o —p \Qr\.ut\.-
-h\uun!-.\..l .lahul.-!.\l‘\. ll-h\.ul!\\
- - A -
m > .
\llo\-!l\r rl.\!l\' \r\..!\ls
Y, -
» - L
\ulr..lI-\:-.\ . l\!\\.lvnvl!\ \ulll.sl\\l.\
i i “aa =
e J.\.L!hl\ \.\r . 1.\.-\..\. ‘o ...\(\.-\.
> f . B o o P rey . -~
5 ’ < Lt N PR R, e
P T B e ol V. ST
v .‘\-‘. 4 l..\- . |‘n . \II.\-.I " ol
. il A -4 e A
.w ’ . P o sk - vwe 4T e o ot
N ’ e o ..‘L . PR L i 9..0 { " ..;l:\
- ok R e o A P A A iy A AL e
!...\L-. AN - Ll I . ' p e e wn -
’ e . l\l\c.. ,— ’
PR : S E ' Cadat
1“‘\: Pl VCL\ P c\\._\ “
\\ e r ~ww v . ' e .
..‘ e e wrn L ey - \.bl\l!‘).
pd Lo, . S T, .
’ — ’ - - -
{50 - ppyeRr L LA . PR y PR S Ll b
- ad e I PR Y 9 LM s AT
r SR P -as -
¢ H-ih\.\.tl.ri( . L..ih..\...a.ai( S X .
- " - Ef ]
.L.._P“.... : A s . —h e g e
o .\\0 an . ey -
- . - 1. 7 . . R“
“ .\\11\ ¥ \U..“lb..\u!.l\ll \\“ll ‘Q!IA !\.“ ‘e -
p Sl P A w'en TN o T b,
- " v 4 4
—zn® " - . - -t =
o5 -t 4 R o s
:-W.“Q.b\..\. _w 5 m_ o o v “r W’
“ T .»I.-.il.‘..' ~= £ ~.l-!.a.! e A itra y
’ e “ e n ., o ten
rEpP - - o
&“.Q..N -l-h).l == \.\..l.vrl -~ R \.n.\\u(«.
0 . Tt
. s . CHL S Ll 4 8L a8
-~ - -
r .h\c‘n-.i h\.co ' Ay P
pa . " £l I -
o - - 4 (s
E“E - - o " ‘e iln.b\ - f 4 l‘.ll-.th...‘ u
- : \.a\. o r.\\u_\ U‘ 5"
“ ELE I ﬁiU*L [T FPRN = Fevam s
4 4.y iy ..\\u..nt.
Aduly s At I ||L..-\.\ll e N i
\‘.ﬁ.\- \.\1\.\.---- A .\\.ain\\..-n. L-unAu .1.1.\-1.1.. i
’ “a- X 2 P “A L Yeaa
r .on..n\\.niict:v . ! ..“.\..\l. R TN o i TTTTTES e
o - -y N Sww . . -
wopli eyl el Y, -
.I;.‘N“\\lu. »I.\.....l\ _ R »h!.l\.l..llol.
g i At Vi »- ¥t -
r ~ - s J 1. 1 M - o4
ML N . S - - s .
r e, . e,
’ u\-\u AR I .-
r - .\_-l' d - "
gt v v -~
. rie et - YA 2 [owe S
“s\n-» oy o l\n_\“.\b... cn.i....lli ’ Ai..h - 1»\.1.\!
T s e
v . - .r - T
(e g PR . R . TR
——p .\oﬂ u.} - K q.u.*\ - \\.l LT . In‘“ .\.lu& a0
F: Ve n p : .ll_.\\“...: “en vy : S e
. o / . o
- Il T P
r \......\. p ) ey L Ly gy & o A
4 . . ! A ) ) . 'y i S
TL?‘ e R § Tu\. \.‘l Anct o T, .
e s ' il Ay, . .
’ bt L " . -, A

50
HP

~50
PV56
V37 seq

L
&

H

SR AR AR E AR E AR E AR AR E AR AR AR TR R R AR R R AR R AR R R AR R AR R AR E D RREE A REEE R R AR RS R TR AR AR R R AE R AR R R AR AR E D REE AR E AR E N RRE RS R AR R R TR R R AR R AE R AR R R AR AR E D RERER AT AR AR E AR AR AR RIS



CA 02828535 2013-08-27

PCT/US2012/026938

WO 2012/118802

&
&
0
&
X

HPVO7 seq

OCAP

.l'
| )

»~
\

WV S

N«..

SRS

b

,-
oo
:\.‘\.

-
b

»
i
]

\!
j&

\
\\\a\

r "

L

Y

4%,
n

[ 4]
N
N

%,
n

3

¥a
\\\6

A %

v,
3
1.
+
<

- e\
L] !
*
\\\\\{'{\\
A
A
-

3

\

\
\\\\\\\'\f\.\\\\\

&

]

-9
]
\\\\G\:\\\\.\

5

.“ .\ .-.“
A
A
u- = .mut.t.v
/
\“k“\ﬂ i-
A

r

A

W W . \\1{\.\\\
Ty
o

'Y

£

"
b

Y-
L

-
. -
'
L

\
R}

l’
\
'\.\\.\':‘.\\
3
-

N

L

e QW A
TN
i

A
\\\*sl':.\

%

A

L

P

\'\:\-
N
)

75 nM HPVOTF

wew
e,

- e ..
Py R R a7,
’
v -
" ,.....nuwt.....\. )
- »
-~ ]
l\.\.nnu\ -
v Yt
\--. wu\..\.

%
[ ]
.,
b
o
1
L]
)

14
]
r
r
]
14
4
é b,
. -.\.b\ - D.D..v"fﬁ
-
- 14
-
it Y \.-ﬂ"....
l\.‘\..\‘...\ .1..&- \cc
o ’
7 4
o -
1\!.'!%0.-.\‘ “
N X
o x\“.v...\\u‘
.i.rl.\.\.\ pr
.\n.\.-. “
-y o T AN
TN AR B
b pi-
l..q..l.\\.\..-).olu “
-~.
-,
)-.._..I\Q.lllu "
L P Pl P
L gl Powey
.1 ]
I .« 7" 14
I\ ‘
Tty a ’
e =y 1 4
N.t-i.\.un &A\-ull
- - [}
- ’
-y
alql.lu\..\v.li "
R 4
- )y
Pt ety
- pu
Y - -
.ulh(l.l\.\.‘ ‘.l\.bu‘.l “
- - - b. .
EErr P Edd A.Inw.\r
S » sy
SR ol Y ’
-——y
- ..lu-\‘.l\ “
-u-t [ ]
P -
T w- P
- '
¥
Ll I ]
- 4

Cmmn
o

e 4 P

>

v - /-

Q\__.l.-.ib\ A
, s s
e
'-\l\lll.&ll\‘l
-
T

-
\.n\t..ll\\u

. S

\.\uib.\«.\un ..
-

R
e PSR v
-

.-\‘
. - :
- -
-y, G
-

nlxllt‘l.l-l.lt‘ - .

TTAA .y Prro - -

a -
LN
P
A
.o\l..\!.\
-
X,
™ I
T aa
s h )
.\.\ h-h\v.r i
-
ul.v.l!i Ay
« L4
0/!..‘.'. .“ ) .'\.\
L ™ 4 '-.\\
v . Lu nl.v; -
-
. $$ll|-|.44..\. .!..\.l “
S Al
A - o
'l!I- . l““ll
Fe'w'a a = a8 ‘\
\lb.c.a..\.l .‘..rw e
\.Iinnn\l 4
" !1._..“.-
-
Tt e \\w\.
A - ]
- [ 4
e gyt -
..\l.\.\..‘\ln\ A”..th. -
...t.n. P st
-
h...k.iii..lulrl . 4
yao., »
Yot Ve
- SN
.\.lu.\ ] a'a
Twor. . . ]
e a
Ty ‘
T .. 4
- g . -~
SRRV e
h‘l £ (L .
T
-,
ey >
- v
e v
L ¥
ch\.cf\
"\-‘
-, o4
PR Ls axby =
- E
<.
o
i.r._-ni.ri!s
I » Y
. .= At .
\\._.....!.!.11\.\, . -

=
n\ia.\.tl-\
e AN,

v rwp’aw
--\ -
l..«l\- s \c
.
..
v
!--\
e T gl -
Ql.ll\‘-
s
pvlT” w.r..lv-..u
.\L\M\.a e .fcu
S N
- -
e s o
I
s T
r

W W Y Y YT P T YT Y YT T Y P Y YTV Y VY YT TV VYY"V YT VY YYY

t
3

506 |
HP |

~50
HPV586

-
.

V87 seq

0 nM BNA, T.
73.3°C

| BNA, T.
{ 73.3°C

R ..
e -y
\\..\.. L . \\.\lt\.-..\l‘.\..
[ RS g &7
ta . . F o o F P
1, . . T aa
- - LA -
s - .
\l‘ .\
- .‘.l\l I\l\\ll.
“

h-'.‘l’ \l

i.ml.n . e )
-“.a..\...ﬁlr : L gl il \w
4 . i ; P ’
,_\ o ol - . T, Ty v
-\v\..\u \ l.t...”ﬁ
v ) -
“a T, R P, \w.\.\..\l - .“
nx P e R T e
> . ' et
.nn.l. ﬁl‘h . \nlulll\.‘v.v\
‘s X g P il vy
- ' L N “xe v
ey ol ' ‘i 5 .T-.\\\.\ll\\.. v
.5..!' ' lliul.t.l;\t ’
~a : oy
ilnur\: o -.\\b\.\\tM
. 9. - waa
1 A [ e
“a Aty ' V. /
p o, "o
’ s - L
¥ .- - . v ¢ P \.\H.ul‘- /
e - ﬁ h. !n\ ’
- 7 . -
l..\h.\-. lm kh.\.\\.llﬁ. “
- -~ : P e
'l - f e
-\l.\l . . Fre P& Y
14\.\\_!\. ' - - .n uU\utlultb /
YL e (= Mt & L PP o
s -0 ll\cU\
o . R [
s . P
T . “. «saaTTww TS
IO, .“ ey 2
e, T R it T ¥ P

\
& N\

*' !

h \

' “

]

[N

.

'

’;"—&\“\I\\

oS

%
L ]

PN '

LI -\
\

b ]

4 '

>

$ A ]

.

1\!

s = E R R L e

o
) -.-.\.\iﬁq..\
¥ ra \\--..\\“
“x .a.- q.\_.\‘.ltn.\‘\l [
Y. . \\.\uob ¢
oy - A . ’
IS A LT
i “rei r..x.\ln.\.\“
\\l s --_ad -
L : . .l\.\l-.l.\l\ .‘
B ou--="" R’ “.uN..n...-.- - &1
- - . O . T wa, .
e T 75t
Y “o‘ g AEITTT ’
l.sl.ll\ .!\l..l‘i.\l . L \Ih.il...!\ “
g ] L
- ..-L..n..... .“ﬂ\. L I
M L g ~aV
-..- .'..- PRy - y
% £ ’
i
\. .IA ll\.\\#i\‘lﬂl y
/ g camrg.
-t >
b e " WL /
. I Gl ’
. Y . e “
o St
y s =Y
. - ll\.\.!!.\nl\!.-.l\ ’
- v
' N, v
.- - "“\r'l\\"- ‘
.vh. -2 PPN b 4 t.u..u\“
Ol A o 7
' e - ]
l\«..\nl\l . \h\illl«!!.\.\. |||||
] : el
" ra Ry et mm TP vy
. : o v
. . Vrea ™ ] /
- y TEENS . e
- a ll\.c.lh. I‘
L L [
- /
L ’
\.I{_\
i v ¥
- ’
. e y
' . .1!I(..’|Ihh
J 3 SlE o
. e
p e Lk Fl
d ’Cn.tu..l.tl( ’
Bk Y ’
. R R
A B
- P
" - -
s’«.‘i fwl .\“v. "

N
P
L
R
\“‘k“

L

“
1
.\
L Y
i
\‘h'
. k (8
v ! - \_ " e
ot Q
o
oy
\
“
D
1Y n‘
\| .
r" 1'.
o
[

L,
o
Nonaad

A"
]
s;
S

ey a

2Tl ld, PRy ’
ity " . - ry
ﬁ.n.iﬂ_.ir.l < Y rew.. 1“

'\.
;‘:\'»
i_: ‘L't..’

-
O
B LR R
W=
13
ix
3
\
[
]

]
E 1
A
" \
.1 ]
\\‘:\

- - = -
\\U!nto\l .L.t.li{nh.\v‘“
T sty Cantndil "
..u.....\n.\\\ . g - e " <
AT Ay I, ’
.Y\.l-\.c - .\li‘ 3 \-\.l"\l v
Y P . Ty
- - roh pmm 2
I P
L A Sl o ® Saile -“
- ~, PFara " - y
S . \ S R - e
LI S ..\ ' v
LI " . Y o
. LGkt S e 11 Soduddn N
- ... Ay M g v
o ey ) ro. .Iu. oo vy
.V«!It.l.[u A ' - ' ‘lh-li,{ll“illl. ’
Ml Ll ' FXre %\
T o e
t\\.tl.\.\is ' R - -
NPT -y P e /
— y P - vy
..r.\-\ ' ’ Tl A ’
1...\.1(!. .!..3



CA 02828535 2013-08-27

WO 2012/118802

..... . .w.\.‘;\. .
'w

S SONAENR TN s c.\\‘ NRASEN RS CRANNAL ANA
W R R R x& \ R v :i.x RENMOPRR
R PR AR S AAERN AR R S SR O

‘- “ e . - . e -

R R R R SRR N:\\‘ W‘Q\
] \ q‘c‘h ‘r\ 't'! . ] . . M

. : R \*.\\*.\\‘\Z\.
e Al S \_._\'»-. KN \sx \: o .\«. et .s.a- AR -\_\ RS o AN .‘.\:q. e ""C'C Wy N (\cc
.-‘\ ':' \\% ‘: L) ‘gvﬁn *b . s u'\ q: ‘\ } '\ \ \ \ » ‘1\ "- {%’}‘ { t
:I.}I a."'\.-"\ ', :a.\ s\'h“?l‘- \:‘-' I.‘\ ‘l. - )\ - \ I. l.\ \ .‘- . \ ."n.‘h ‘\ \ s'\. \ N 'l‘l ‘\ N \ \ .\ -\ )

n‘“‘“‘“-‘“‘“‘“-‘“‘“‘“-‘“‘“-‘-““‘-‘““““““““““1“1“1““‘

......

RN ABIWE

+*

SRR SR SRR

&mmmmiwmh i
§ REER S RS

ssssssssssssss

AR TR T AN SR ACGRATATRATC AR AL TROAS EaASAY

s.q' > '.'

4
. . '\. . ’ 0 ‘l . ' v e o ‘h \
'\ ' . . .5 ‘o . -\ \. .\ -
R A - TR WP S A L H e .,?* -'\.;» SO \x..,\ \,\ A

N \ 30 TRMENT R STREIRNINERRSTN W e e AT
BN . R o .2- N \«.-.x‘\‘ n X 3‘ o ._l“.a R ;2- .Q\.-R%~ S i Rl e e

AN N D O W N SN :q. SN VNN IR VIR IR YR, SR
. . ' . AR ) “. .\,. S o S K - .
LN \ ~ . ~ . .
. Y

1416

ure 14

K SRR SN qw-wv \ »x-: “wc\ SN SIS g

:t\:"o.;:i .‘\.\$."\\:~\‘\ \\ c.\‘ &‘ . \\ \\:::\ »'\v#‘k\\\ -c\ \‘ \\ g\\

" m@k@f‘& SETHET QUAGSCAREETELG
CHRCEARTRIRTOCRTIITRAL

REE

«.\;-.\ AROPRIANY

.4"

PCT/US2012/026938

TTER CEATACRSCT AXTTOAS
&&Q‘? SOTRTSRCS)

a\ TW/IN

.s\



PCT/US2012/026938

CA 02828535 2013-08-27

WO 2012/118802

b A
d type

‘

5%
2%

Yo
W

e
52
=
% \ |

o
“u

A, : . . : Y )
Bl W“ 4 i ) - . Y : 7 EE|
: ﬁ .. \. f 1 .\\l N + s .
0 . 4 ¥ ; It ' P el |
gl os s R ¥ : : N GOV T B ot e S

. . o .
0. 4 ¢ h ) hars vy Y, .. o
: R ¥ H s o v 4 Ty e
Rt R % “ a” “ \q!\\..\.\l”‘ .«- “ . \-D\Q\U\.‘..\ ]
o QQ % ¥ “ ! . 4\..\.‘.\.“ . -\-..\\. .“
1 i e . . & . )
B : g
T E : ” gt |
o 4 5 : P \-..\ RN \-...\. u\-.m i)
AT : , : ., b e, ]
. Q\ . ﬁ“ “ “ . o.uoq.-f. e ) b(.\!.sf '
o= b ; ! ; Faye I ot |
. B > » s L
.ﬁ w“ z 1 p e y! O |
- r 1 7 i L o .l i

. ﬂ“ ¢ o : < o

n . 4 5 v ‘ Pl \\\.\.“. 4 .\\\.....\. oy
. r.g % A 2 ) P Y Sl 2 4 \\\u\u.\-\ -
k ] 1 / 7 “e'n 4 d i ~, Y
4 : i s i Vil d Y, 'S v,y
et 2 ; i ) e, e, : Yy,
&Q T“ ¢ x ) “p v .u”:. ¢ ..\...."t& :
- L ol - A - = - - .

¥pe

Wild t

Y. e - > I 4 g £ ™ e . : . X )
yee  f L - Rt SR | 4 VAR, S e ’ IR A, ¢ Y a1
| DR S ¥ see ea Wy gl A G d b o, 2l et P ref o N T . oar >
| I 4 “u T rerd - . Fers x " - : ' ‘ d v SR RS Iy .
Fe e -ar 3 R I 7 ) . . -~ . p . v
A A F L ” v . PP - [ g . a%t ” '3 e - 4 - o s e . 't ’
Y . T e . ’ - P b o7 v ! t e -] . “ et =% o o .M a "
. A Ly . v " 14 . -4.‘-!\ ol-\. . lu-. .7 \ .o\.\- (] " a ..4‘.- 4 v.l-l\. - k. ..-!. - *l(- ¥ .\c R . ’
) L. s ’ 7z .\\ s < T, SR e ‘ SNy . N "ra at o TP . . “Ja .\ e i "Ta,. -
g - Fa - -p "~ - # P P . - A . . - : . - -, " ¥ .3 'l
N 3 'Cdd 5 ' a«:w L \ oal. bt .\ ¢-. \ .-\!l\. * .w. .v. .!n LI “ \..\.D 0 W .ﬂ ‘o.\r(.
| DL e AN o 1 ¢ " O .. ) e, HAE G . .
. Bov- RRFE R ’ et B “ e o AT ) D R g
n. | R i P . o a’" s s . ph PR S cam Y g v z va'y
L - - +u ot P -\ > V- . X v\“ [ ] - ,\n\‘.&. v . ‘Q.\ e
. . . Y- . a - - .\..-. AL - 4« - - \1 .y - (] - v
Jrighig, ) Bl N g -~ n.- S s . e . ? v o ¢ e - ] v - F V.-
R PR P e, oL / e, ¥ od iy, : ey, -k T,
-0 \t\ , s\. I. \ a.«o. 3 “ﬂ -. \ .. .11 l#. .- . . a\. . .\.\‘ ’
. . . " . - : C . e e 4 . F 4 -a
. b2 ol ot z DA LB . oo R o iy Y ¢ e
1. S : = - . : .4 FLd .- Lt - . . o~ m
y ” ¢ = X gy ol AR Y, i WA < “s A 0 XY s
) . g “#a . - A \t.\a.n \“ “r ¥'s r\-.utn . ) " ry ' r\o\ln . . ¥ =y LS v
e. : R . A - s b . “ “ 7 a -1..(.-.. e » 4 e, . e Ve
u . . - ; L... “ ' Lu.\l.\..ma. \.\. 0 - 4 \.\.l\u-.\.\.. L 5 ! u .\.-\\\l.-v.\.. “ S ..!c.\.. “
. v . K - » B s =, R
. . \ ' a{.-‘“\ \ ‘- -' ‘.\ \‘\\.u *l e : “.N\o 24 al’.‘\l o
S SN Wik oy 5 = . R . “ oy £
i ¢ A e 7 ; e . . R e,
. e r i N - [ ) (£ » i e »” e \.t.\\}uu.\.
E | : s : “\ % . T X /
: X Y V. ' LT N v
.. S ” L . & . e . p
.. Y™ . - . . T . -
X i . B B . Eal va, . e \\\‘
) o . . ¢ . . . AP
o . 4 . A .,.\..\.\.....4. %0«.._. “.. [ .-“ .-\-.\..\.\h\ ..”_{-\1.\..- : . \..\.\.ucn)\.o e ..\1\.&.\.\ Ty
b % » R = s Bkl - o A P x4 / 7
e : e \.fl.h.ll. - “ !1.§l.. t“'. “.. “ ‘Jnl.l.#\).\ . s ”Q ;I.a. - - lnt..l.. l” tlulll‘..bluﬁ. . “ v \-Jﬁvi.’ﬁ).\.
& b o A o “ s - 57 g g
E . 4 1\.!... - < ’ .- LA . » - cal » an . ) R i 4 . aaw's 4
& . { et £ TS 7 o (YL, B L it ’ SRPRER 4 gl e
Q | (SR o i o R o Bos 7x L b . £ il A L) o 5% A v
- . | XN “ “ea . L e o X | ., b ..._ £ Fena, pe N L y u el . “ s, ’
. - N4 “ “was Ty ' f “ VY . v .‘ﬂf‘ ".. oy T, L ‘. “ R PL . \n‘\ » \.\1.\6.!.»;. ') S, Th ey “ : r\\.ﬂ.\-\i.-b- o M
ﬁ ”w ) Teral, . . ... % Fea m . ATy S/ S r 4 Ui SO Tea,
. - ’ - P 'y T - N . . - . :
: : R \..\.\ " e .v“ ".. it “ RRPPT AL 57/ : g ‘% - ....\A».\. ! > T
Yz iz w il LI T R o < s ey o R S 7 o it g
; / A Fa »
: : : [ 7 'l.n\. £ At l-l...-.. .\. . . sy - . VILE 4, F'e . - . o - > L ale \i. o
: s L (1 . As ¢ Th, K29 5 P, A L Vs 4 *as A < LY o
. ra - P S rr . v n . ~Fen R e ’ T ay ) . . r e F i .
: s F ] .\.!\9 l..\ [} .\..'l ' f . ", ol : \\C.v\. Y 4 \\C’\. P » e \t-.\ |
: s R L ’ Ayt e ) 4 ~ 4 R 5 B R 4 . Tl . + ey
. F 4 Pt [ PR 2 e r 7 'R v - £ ) - \.o\..\ ' »\n-\ ' Fy .y > Lre . & iu.\n».. »
: APE . -2 «ll\ .\l [} R\-l\. ' . -4 .ld\ - ‘- g o . - . . - & a v v
wdd - o - LA A , or A o . ) - ) T "
. ) vt Ca e v \u\ 1.’-. » - Ty ., . A\- e L & \s\ tv\. v, . Arem \- 7. v
. -y " L v v Y L. r> L LI L. Y f ¢ . )
) % ‘. / R " T £ -nys " La, ~ u - fa, ¥ -~ “ - \ y
. - 4 * .t A ) . pil, 3
. .l )
ik ‘& ﬁ
. e B A
. . = .Jllfr. K \l ’-
- K < XA 5% 4 AL
“ ' % . .
2 ¥ 4 L2 5 % .
» | o
.ﬁ.r. . . o = a.. \” S
- g o 3 . L &
% B 5
Y :
Y .. oS
) 4
T
i, . e # s { 3 a2 ‘" P ’ s
¥ - 3 ’ - . .ﬁ - - ‘ ’ admw e
Be t . A l\ - . . . aAw \. &. F ] * re l\..l . . rywve \ - \
o : N 4 -y - " -
BT D Y MR - ; . s roe o fet s Gt 3
- . 4 " . ’ . . ﬁ . 4 - .ﬁ -“va xul.\ ' DA ¥ I - k
.\\\ . - a\.l.\. (3 + - li\u!.-.\. o ry 4 » D ¥ —. TR A e ’ s
Hre e s * pel h . 3 . -’ M A " wpe it ’ ‘
N, A v’ a e \» gt B - 4 . .44 n -.\\w .t LA 4 o " Se N 4
.:\1. ...ll.t. -~ B e o A . \“&. NS 7y .T.».ﬁ o e -\\h‘ " 0 (ﬂ-\ c‘.\a\
g o d . .ty e .. 7 . Y. A 2. £ T oa ) ‘fa'w F f
7 - " o' ‘¢ ..l\-\q) y ] .- ! s “lﬁ .-. . e « ¥ p s
147 5 Ll 37 S . 4 s Lo N ﬂQ\ ' e R ’
“““ g L” 4 s .-H. l.-. catery v .-..\-a ‘o Ql_\“ .\ . 4 Lt T i “\ iﬁ.‘. . iu..-.isvs " 61. 4 o4 .
B nuﬁu \“n.. . s _\.-..u“ A .o“ \N >y At ...“ ..C.n..» . “A s.“_ P ae .“\ s.“ . =
.\\“. ’ -vu. o s LI P ay F] h‘. ! S ‘ -. Tl -_\ / 7
- A7 " - o« .Q r_ ﬁ. l* ] h. .‘ S ] - - C.\ \
-0 m\. . .n\..c‘ .l«.” . lt.t..i.l\ Fy - L] . P ' aaras " .o ’ . v
. o - »w [ - .\-5 \ ’ . -a AT .. . apws . F .
roin W 743 S gty AL Wl A 3. R L 5 Y J R K
. .?“-‘ “ T Y4y - .k“ + SRS, “a -l ) ukw. B | tv “ R “. - !, R ’ s
o’ ' CA B S/ T ) w9 57 XA A, h e ’- /
. A . - : F . > ' . r \
. | L PRty s iy i . ” 4 Pl AN e AT K
. . e P - .4 A R ) L et . .
. pre .- vy N > P L ) Yo 'p S o et 22 =l P gl vt
- s
B B o ¥4 & 7% % S L A% e
) u\t o o e v.-sv K .t..vliu-! ) 7 n - “ Troal . -" M, i ’ - %
..\\ y RS ' A el ' b “\l. Qs..!” \.t " . --.c «. '
AN . iy R P 7 7 DA TS | P &
f . S 3 b, “ 2, % a3l TR {5
- L . LAY .
. ) : "4 ‘s v
G. : o’ g T E e oy S oY PYEe r
. . o e . . - - Fl - . - ' -« ..
ool . Pl e o ) o LS crel < ;ﬁ ard o s -
. ‘ ao o \m Tea_, 5 il M LV AR Taa, AT “ “
2 \ ‘. ‘\."l .‘L . .’ ’.I .‘.l. ““ ) F ' ..‘- -‘ I‘..&\.\D “. . “ c“ “ “
' “.‘-( 'y - ..l 3 2 ﬁ. - ’ . £ ..h\\- .k- . ’ . B ‘ J \
‘P R R S S o 3 T R - S NEY AN LY A :
: g AL & X e S " LR AL P o ALy . DL - .ﬂ
E u...n . .u” “ 5 "t o, “4 a._.. .c“ .)..f “ LT «vs QA.“ e ..\x...“ A
B . A . A ¢ Y I £ . 3 K R R A ' g T, . ’ 4
v o -y : ¢ e w T ! » £ L s ’ NP o fl
. . ..IJ. a- am v . ’ —A o ,\. s _\.v S - . . v c. (4] O 4 Bl . \
ST “ ca tat 4 ‘ i AL NS s 24 .
= B ) L - : .\.1.-\( 4 ey . . f P rewp . p -’ g
My o’ "~ . - ¢t LIV S ﬁtu .ﬁ \1.5. . ¥r ’ \1‘\ . . J
N, M . - . . B N F ] - . Le'w 2 ' L -y Py \
e v . JEE wa M a 4 NP 457 !, LAY aor ’ e
NP5 t. « o 7 o ¢ l.lu..nulnus [ ] v \ llp...!.- == \:s\ -. !rln.\.ll-\ ’
Jod - .\u. \.n ) A ....vl." .-».cn.\ . v “.V&“ L‘.W “ﬂt\.t““. ;--“ ’ lav‘.t.“._‘ ..\!ﬂﬁ
A e 3 AT O - ! RACAATTIN 7 S T Y ) '}
v v P A S O . .« 4 i “r ) PR L ¥ B r
\ J am A # so\nn\. Py . . N to.ltl\... . . ’ o fl 7
N 5a A aat S Aed =y P A . - Lras ’
W~ Y “. “* ERE VN s “ .W\ ’ e o “ v AL a o ’ e
i g s . o gl e i /
) v e * o - X R X i al ’ s
H -4 ko 2 ' e F F . S8 P P i . .os. . s 2 d .
g e . ...t-.u ..&...\s...-. gl v\\“ x.u.s...ah\\- 2’y .11..._.5.\4- - .u.\h
L. A t R i r ¥ ¢




PCT/US2012/026938

CA 02828535 2013-08-27
16118

WO 2012/118802

o "
\m\. \h s&.ﬂ“ ,\\. . D h..\-..-!ﬁ. : A .
e-. . x " e . . \.\ M l\v\t ro -..
” 7 4 AL TP Sl F . gy, R AL 4
uﬁ ’ i S I S RS ¥ OB \ ;
. . a I\!l . * . ’ - 4 o v v
= 8 . . N 4 e a L 3 = ; . e o - s
poo 32 et v 3 e R Y o RN 1 gt A
Sy R PSR et O SO 5 g Rl % L vk I P el
'.i ol . “ v lu\.-v\l - .- A “I\ . ﬂv l\d.(\‘.l.\! . . . 4 : “-. “ , \ﬂ“ﬂ. ‘ .“. .\‘ttl‘Qn‘s . ‘1‘“. v “ .\ln“u?“ “ .\.v.\- ' Osd.:\.. \.l“tc >
- / r M q..\u\.\ 4 e LT \.\ AN v 1 A S, Ay A N, Ae A ey ap .
e .. -. . .\co..\a Y i T . \0.\. A 4 S o.ﬁ. L3 L L ) c..\un\\ adr A PPN \v‘c A \.t...v.\\..
3 & \,\. [ . v ‘ aa\ul.\.- e .l“-. \ -.!Qv -\\\ .ll -.l..! h-. ‘. - h. \‘i o« .b“ . A !.IC\\ Il e A Lt ‘}
oA A Rl v iz aE : ok P L T
: .y ey AR Rl S e e A e O RO G .. kL at ey -
- . r NG Ae <50 H ey G " o .. Y \\\ . TR, 2% o A . o
. il ’ PPN & 7 o e, BT Y . L . ) Faapy. oA A SCPR S AL e
. PR T A ? o &Y 1 ’ .. ‘A LY e -"\ A SO S A s, e
: e .0 > s L N Lt g J v Ha ol P i .,“.\.. o g By A A ALY g
w Q. !l ‘0\ A-v \. T . or ivﬁi Q. .‘. \04 lI - \. s\c . .. " " .- - A B " \I I‘ . " . ..-\‘\\‘. \.-a.t\\
I.-... \ ‘!..\l i LA w. Jg, . L“..!-.. . ﬁ. ’ -‘"v v~-4A ' - \“l”. 4 . &.44 fy e \‘ “‘ \““ w7
" o . 7 b\.va\-‘\ o N4 'y \-.4.t ) £ i \ Fu h” \C.\“!}t‘s et .1- - 2 a . \H‘\a\lln.«\n ..\.-. \nn. 1 o\.\ﬁs . ) ) r-r\
o z . T SO S A B RCLaErsY ¥ g PV o e e S
pan AR .i.s.. .\x ¥ \\ . L...qw s .\\4 .\u.v-ﬁ. () . b -....” .n.\ . . ..-.\-.\ . . .wl-.. LA .k.\_-c\cosc\(\ N \.\.\\.\.
) e Ty < SRR ' : ’ A " e S AR B S
: . e gar, v 3 OOL v v - ) ., s a P el e,
B ; » r L SO -\a\s . “v g . & “ '“. . t\\! . vﬁ..!“. \H. .\.c . “ ”v .‘ X ..“ 11‘)\0. .
; BIEPYo’ S ? 4 o AA : S K ’ y LA .
b Vs v " ¥ ¥ P A RACE: AR -
42 v Y 2. . _ s i SRR N 45 gk
) . . - \\1 . ) .\n. v cr., K- X ' S A . P . \oﬁc a ..\s\- \ o, e . ) ) ’
!\.\c Y . .\!‘\\. ) h\. . 4 \c\- 4 \\n.\. .\v v a ., ﬂ..“«. 1 \bfl\s . K
7 e A AN % ” bt o VA O g,k
e ot ’ ' .\\.ﬂ\.\.iﬁ\n \\\ PP Ak ' . ok VL ahln \“u“ \4\\ \n“ et 4 .\. -\.\-v\%
. e vl e T, SOt o . ! . /. P 5 d Ao N s
ey s e , 28y 5] P (- P %7 e
..\a ’ \CQ. °r, - \7“ - Q. ‘e v \‘\. ) \ " [y \ﬂ. .\!._.‘-
f -y .\QV.\.\I. ls?\ .Vo. r 7 ) e Qtl..‘\u Al Yoo 7. .v”. “
: 4 A TN .\\ 7 7 v - . L T . e, TT ‘a
e o “ ey, . (7 m u “ s...\. . ~AX .. ’ Caa A 1....}.\..- Al
. ! Tt Y y LA . . ) e S ) Ay
. . >y r . W 7, ' Re 4 v e Iy I RO Sy A e (4 4 fa M
. ’ \“.‘ ’ “ R l.\.e.\.-\‘.-.\.\\c ! l\ﬂ~ . “ M ‘. 3 ‘7 A ...Qo\l.lu.\..\n..u-\ \4\”1 A lﬁnq\\“\-‘t 4_-.4\- 4 . “
7R e T2 " o NEHE . R e Y e .- A R Ll
. . a 1 . . vl\.qﬁv ﬂ. .\. v-.o \n. By . v r ¥ 7.‘\ \!0 L a ) \‘\..‘n\u“c e e e
\L.. . \ _\l(l( ' & \‘_ . x *. ‘ \\. A b-.“-‘\ ‘v- - : ll(! v‘.v !, lﬁ?ﬂ\ . .._\.‘cll- . y
o ; s, i H v v e r R P Sl e R MR- Ceres,,. 7
..A " v -\- L ? 7 o o . . » #\l“\l\u\a d . ..u ..\b.\\.\ B \ ..“ ; h\.\tl.l\\c .\.
<A POCCay A : : S T e S M I
. e Py aa gww f La e PR ‘\-.- v b - g e, 2P s . Lt i et
ey A WA M v SE gt Hy e ERT PN L by PO R A A
W s“ \.‘\,..w..x ..“m..ax\..“ : v T A Ny b ._.“.‘\.,,.Vuvsu sl o .«.\...“ T g St o
' . d s d » -. e .0. ... ’ Ill‘! v . .. - .5 ) y (] - ) ‘ a!‘n . : '
. : ’ Ve sp . o : 4 . v .“. " v -.\.\-.K.\._ dtﬂ\ ..u. P v \-qb.\-. . \..q : ...‘. 1 v t\\-ub.b.\ . .-
o r . LI "y 7 i v = ) T LI s Vuayl £ 2 - LT "
g “ ) e " “ m A S PR VX £ N £ L 1 \.\U_ ne, 4 . FEEEFL
Y- [ 4 NN - i 7 T ') v“.... ) \\w-q . ! \“. P . e a AT , \. A . A AT >
.. , x i 4.\4...\.1 . el - *v ‘- ") » ”. ' 7 .. Pr ooy . ) (\.“ril v g " 0.‘ . , “\ll.‘l.\x K
* .“w\...-. ..-u.. \.u.n “\\.u__. { ) .Wd. ) S “\u R{Le et ’ o \..\«-“ “
o . w5 : : v S “ine, %7 e,
Inb*'. . - » v e - . . - - . v . ) a” ’ . aa .
- ‘l!l\.\lc.\' v “-- K u-.- “ x.-ﬁ. . ... 7 a L4 .-“t v‘ul. L) .\..\.-!\l - » -\\! A ‘w\\l(l.—. l\-. . u\.“
- . ‘- ‘ bl . ﬁ. “ . .lo\.*‘ - - - -I.\- .-“ . o . ‘n.. “ K .-qll
v ) X “ ~ vy \n...} C “ " A u\\.s_. ~ g« a ) .\..\..-.\p\.
‘ B 2 .” " 7 - A -’ .-(l e ‘I ! A . \.lt LT
(\ 4 (ﬂl.\%l . l.--.. 0\.4\... ada! o ( !..". ..Qn‘lh \M.lﬂ\ .
- - " T,r 4 Ty s
b - 0. » .“
: A LY ’
. - 2 ~te,
- i e o V dnc o)
.& L “} “ ‘ L . x datal N-
e - om . : \.
. < . o 1%
g 8 2 Nl 7
*. Y
" --\0 ) . .‘-
N, -I. o S — |\“l\ .b. Dl el el ... ... ... ... ... ... ... ... ... ... ............................... .\‘
””‘“. s . ...t\v-,.-......................-.q................................... ........... S ettt e sl s sl sl sl
L. - .lt.b()(“ e u\ . s Q\C\.v'...-‘\t\k\ﬂ. \ . \”“ . ‘h\\)‘ T NSNS A h&v. B et ... ... ... ... Sl Sl alSal’,
s’ e ..l..n\.\n!.i. Lt L w'a “s -\‘\\sl L4 L S e e e e e e e e i e i i i i it i i i i i i
L PR RO . -.\.\“\ (v\»!h.\. S e I N E
Ll a eteti " s . Ceaaett M v xR Mf AEAAS . . . N T e S S e e e Sl et e e S S S S i il i et it i et i i i et i i et il i i i i P ST
. At \.” ettt “\ lwu-.- \\\v h\.osﬂ.l.-\- o s Al .\-.Iv\u o' ‘et .-\ R A .ln e
-l. - .l .hc.I.O . o .ID. . .Clb . . ”l QQ”\.Q; .b lo ! > . " At.‘l..-‘ .10 2 -!A B N s o -
- el T, “ ot ...nw o \....\u... R LV I ot \uu...n.\‘. " A P AN ¥ e et e
. ¥ . " ua . . . NCH . LA ' o - il el - a'n
; A e e R R PO g i S - Crivap
‘I. . - i\) -I\ -l‘\' . lé e 1‘0.. -lOC .‘0‘. , b‘\.’t L 3 'l\\.s e rr .ll.'l\‘ i(\ .‘.I
7 A RPN 2 S s, W R XA L e
‘e .\\..-Q\ ‘m .\..‘l R --“ \....\\.. .-% \1-..\.”.'-. ‘e sa.\vl" Y'a “v..a\ o * ..“.‘ \su\qcu. \4“
. ‘m + " . . -“ e i .-v". vl. .. . “ a” 5. . -
.“. V. o»cn.!..-»\t”.- ) s.u\\ 7 i - 2y Dt ’” ¢“0!. '.c.\”o“ . ., a\v.‘ LI ‘54“
L L. 'm aa’et P Pt oo e ya v “ .».Qv. R
h Sa a shuy - ““ N csw--v \u“vv : "Q.\“v".. ul\ .\Hl" \\n;\u;\»w.no\v p s ..”a- 1\\”\.”
.“. O A - e N * “a atetst ‘s’ Pt A : S - g »w-\u a’
" s(‘..‘l‘.‘w‘u(‘.‘b‘rl‘l‘ A - \w\'\ﬂ\nﬂ“ \“ IQ .. .\% . .-'” . e H”\l. e l\.nl‘ l.v“- \\k“ \‘ -I“\ ..N\-‘\ “!“v lﬂ .”.n
”l” Qﬁu\u\l\‘h‘ s" \hnh\v'.‘ C«t» \\ » c.lo .ls.&! : ‘0.“\\~0‘“-” Qbrc hol. L\t t\“‘Iso“ : !\I\. i \.'\i‘“.“v.l
- . ' ’ = - Ibb v a2t iothql. .‘ . + .0 — - "o . aa . g vi
”l” b\l"-.l\\ .Qu.l \4;\1 rmoaL \\v“ ‘l“b “% N.-\D.‘. .. o.lcq““.n‘t %0“. ”v) ..ﬂlt\ s-\b-! ' “!a .i..t.b.l S
. s»-f\u v.n iv.ctu.-\ B “a s ..o.\ﬂ. caw " qq\o Ll . s .\\ -...“ .q.\- i o v”.- “ "a'n
L ..qoc Tt e cs..s-.a 27 ”\\s\u% .\\1!...- 4 \..u. .avl\ Hnnl" P .U.”a ...s\utn.\”a”.”. -Ta%a . o“.i
2 .. ‘m - e 4 . - *r n\‘-.b\‘. B . o 4« ' o!u\ aa ' -\\\s R
- *2 ’ . v a a - .;\l c\qs e + s.ls - v A e mm
oy e, - . L a < v et L MOCH L < LA s SOhh <
. ‘- iy - 7’ ’ A8 W . 4 v Kl n e Feira a2 -~ M.
s’ .- - ’ -I\ . ap . 'y .- e lt\.!»\.q\ .-Q\I\v P .-\.\\01\ am
‘n' H. ’ & 'y “\\ -.“ .u&v . ‘a'w’ qu. ho“. \u”c il . a'et Q‘\!uqa- ) .“1“\Mi-fv.l
o A RN 4 : <2 " e o %A et e
L . — T, S 7 e a - rac ... ‘\ﬂ.p e . Ho e e e o.'qn. A
o i e A .1\\\. -.n . !»u\..&\ A e o, ., .lol. oy A -q.\v st e AR an
- v ¢ r!\lbﬂ.l\ * \‘\\ LS . o P ’ . et avw i ¢ - asm
- A s - ” . -.c\nl.\‘ v a .&f.. e - “s, . e » Vel Jraetet "a'n
.. R Py - .o-\!...-\.a - e ."\“ T \‘ .u“vv 2" a n“l“o“. v, “q“\v A "q“~ ‘e s f”.-
2 e oA s A 2 s o e o
‘l. ..IL l\ﬂt\i -i. . a l.\l ~. \-\ .i \\v lc\\v \ql.. !“. tol. ;.\‘t I‘..t\v - hl)!av Q.bl‘v.n
= M - S e A P A e A 2, T2 - P g
= it e, .V 7 Lo s “.q. vl o P Y A A T,
s aaaset"" M LS 7 L A s AL L o K _a"a Ya" Al
. I - aa s.Q\v\ \.vﬂ.\ ' A e . " ate' S ot ol o\-na\ . ve Y
”-” u”suﬂ“.o\ ”‘." ot cwo\ g ) ““ - cnnsus.qq\twﬂ\.‘-N“ \1-“” P ’ Hu \\\t‘»c\.\\»\ul\\r .\0“. !\0\..\.! ik .\‘1.\\% - \o-\t\n\'\.c\v\.a\.o\ u!... , \\v\.\-“”..”
a’ AR OUTO "eTeies 47 e : A et Al e, "hvEap Az P ST
”-” e . Mﬂ”ﬂm "t .. m“ N s . Mm " aa . s “H- .ocu..n ata0.7 .N“. ui\\i\u\“‘““\ \\!.i\\.\\\\!\\\‘m“. \\.\Qu!..i..-u.lu.n\‘ ’ ”t”..”
L o smetlAL" S L 4 s a?l’ . ’ . A ® 2a s CH a"etat it e . a'ptats . v,
P y P KA s L ettt AL e ) e o A e e \sm -
e AL - et -7 i : o M . a c.n\.cucn\ ML . tw ot \c.\v aﬂoc o . o.-
' P A e ae \pc.u “s,a A Felas ., Ly o o - L N -.-»-\..«.-»«-»- ‘et LI oo\ \ocf..nu\n o e OO
o e I IO o4 «-a...-..-..-. < e e . Fon. *at ) LG aa’y! . c\..h\v.‘ Setuwia S
o s a'a‘ e v e’ #tet T e .-.“ " A4 ”v“ < cwn.nc.s.!.n. e . !”l" a'e' T %‘.\v PN X i O > r.“k‘ -
a’ i . propae A TS i e ) R o et yos I
‘w' i s e . 7 “ols. ) Ar ‘wrat vaf0.* .l“- N c“ou. Bt -\\c“\ T e el qv“ 0 . . \”.-
”-” . L.wovs.\vl\“ A A 7z L SN .. -\\v -l”- .lo-. . oe’.? .. pit -] \uo\\v Afatetan, .\v. elaa e “\l
) Il R R o "tetale s N . e R R RO R A
‘“. .0.0\. n\ e Cl It)\ v““ . lsl\..(ib.l. n.”“” . q.l‘oh\v.\.vn. <. lr.liil\\b“" ‘ID. , » NQ.\' » lh Aar- H”a s e !lct v- ”“0..”
e “aa Py e r A, . r JlpTall M ke 2 eTe® . il P . Ye'a . T " ¥
o S “ASE !t\\\‘“tﬂ\.in\i! C.." cosbt .a . \“ t.lb!“\ \. .\l% e an. PR R .“ol. " c\bu\ta“ A - S LR 4“
™ . Rl o ., " Ll ) - w L an <. ' D AN . - AR ¥
”-” \Yﬂli - L ila\-c\q\ - l\.v.-.\ﬂ 7 > v.u»c\lqll..! o v.qo\“v o .\“\“\-\w‘! l--. K P “. agl " “\1.\ et o \(u”. ) ..tu”\\v.l
o bl e f -nw - " i @ vRAly als e " il e e ..‘.\N\n.\“.‘.. Tty A - o N =
‘“. Y an\._\c-.ni TR M”“ ) AL . % Bl J ‘o'’ ..”hi. : . 1.1.\4\\1!..0. *lue . ‘e b e
e s aa'e et AT Ve . v rvaa . LR L aw - ema . 1!\;. e R
o’ e A - -..“ N I.Qbhl .“ln\-.l““ ) o.lnbb..l DC‘\““ \la.\ AQY\\v” Pt l.\l-..“”l" N!\ﬁl.”b\' .””a“ u\l.!t\\b.‘ l\l\\\\\. * ina‘ \\ o ‘bﬂ-(‘-\n\ o“v.n
‘“. i.l\... - . . . Hi -OCI LA ltc. o . Inbl. it 0.. - s \tll -, l. - v - -!t\' ‘..i L 4 -ia” O ) lv
'’ IO LSt a5 ““ " e \.p.“..w “ll ..u..m 1ge 0"t .unu. ....x.u.n\.- i A xq\.\".n A “.”n
s’ PR AL AN 2 PRSI AN ¥ Sl Tl by aat R EEY A L Ml A
" s y ..In.n\v 7 s .\»t\.o -~ QQ‘ o P B \ttb\&l. LN \vo aw s . & PP v\o.l
R e -“ SN 7 e ., e \“.b ”.l. - \Hl" ” .c\c\cc.ﬁva\ \v--.q " a \va.. *e'a -
.............................. - .-\c .0 P4 e Ta - e .. - " ., P ..ol. oc~clr\ - .v\”.\v A m e . a“. . ..Q\tn\ s\sc..”
. W R —— ul“‘v . . e v sbvcb .\ v o .\to\ Qo\scl.c \M.‘ e . ., .tvi
......................... e e “n X .ou. Pl “q““ L “r “-“. s, .u”.-
............. R e e e B “a e Ol e a“n
............................... SR e
...................................... PR



Lenaiuis 8

NN T AR I AN
PRB R INTN N C BN R iR

PV Hhigr-oNga
i $cpss}

sisdiiniie BN G s TOR

HEFIah I

VARV A
NN ' AL N

veavaw.ﬁ

ﬁ'f \\\ w\\% }8

s 2B

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

BPYEhte e HLANRINT LS. COETAINING
wnsescomeRses ol JHHSERATE BN TEE FLI0 AND
STRSH-APERF L0400

"
ot T e

a ™
o B
5 \\, H«ﬁ"” Qg?go AN ' N
¢ Preferentially 18 LJIEIIEANER g JEMR

.rr -y
f“f

. BeguUence wemim
\ HPV sirain

‘M.

Denaiure gt

,,.ff’ getiied To
e

‘N
V)
S EARAY e mwR T YY

HEYEE:

AR AR R IR AR '{3\ s,

TR

S.#mxi«_

20 8%

6“0.\
NN TGN

Raducs lnmparature
0 sepeenoing priher
Annealng

A % S)

'f {.'; E.N{s x&%&‘w«mx»x&
o HREE

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

N 1 RASHSPELIEC BAERS CONFLININTARY
TELNY'S IR ELIRHEH

aia GTRAHD SOT SERURRLES
Wipeoe STAUEH SN BRINEE



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - abstract drawing

