COVPCSI TI ONS AND METHODS FOR DETECTI NG ALLELI C VARI ANTS CROSS- REFERENCES TO
RELATED APPLI CATI ONS [ 0001] The present application clains priority to U S
Provi si oD 28Bpi26@at i on No. 561/525,137, filed August 18CTAB2d12/08md2 U. S.
Provi sional Application No. 61/588, 151, filed January 18, 2012, the

di scl osures of which are hereby incorporated by reference in their entirety
for all purposes. BACKGROUND OF THE | NVENTI ON [ 0002] Si ngk nucl eoti de

pol ynor phi sns (SNI 3s) are the nost common type of genetic 10 diversity in

t he human genome, occurring at a frequency of about one SNP in 1, 000

nucl eoti des qQOMPEOSITIDNSANDTETHOWS (FORKDFATCTRNG ABMBMICHam
Genet., 2:23- 258 (2001)), SIN-Ps have been inplicated in genetic

di sorders, susceptibility to diffeMXRIANISases, predisposition to adverse
reactions to drugs, and for use in forensic investigations, Thus, SNP (or

rare nutation) det e€§iRQYS-BEGERFINCIY EXRBLAERD] APRLICGATONMO0si ng early
h 15d I i I bl ood, f
phase & agﬁesrhe @lég %ﬁoh@eﬁfoﬁ%ahﬁ%?r%éﬁf% E'ﬂ8v1g15%rggﬁ&lt1hl§won 00 or

pr enat al ost fon o0 se-associ at ed
nutati6ns6ﬂﬁ2&1ﬁii@ﬁib@hhlﬁayuﬂamh@hsIﬁ@ﬁﬁ@kﬂAmnmmbmsNagﬂﬂﬁadBE§ﬂﬂbr SNP

genot ypi ng_have, b e eIo thods i nv h di zati on,
| i gation, 9m1 ﬁﬁﬁ ﬁﬁ?y%eﬁgggsr?éﬁen et'Ph nglmm ﬁ%%%céyﬁﬂgﬁl% %§503)) For

exanpl e, ahmeuﬂhpﬂnnﬁmnmpolynerase chaln reaction (AS-PCR) is a 20w dely
used strategy for detecting DNA sequence variation (W et ak, Proc. Nail.

Acad., Sc!. USA, 86:2757- BAGCKGROIND OFAEHEGRVEMSTIONS nane inplies, is a
PCRbased net hod mhereby One or both rlqers are designed to anneal at sites
of sequend®OGhr PHE GRS FCO R F G E HES BBPIPP RS dViT BesiftFat e anong

di ffergnt jalcl@l @smotubie; SamE @eN8ng A SiBGRy exi &8 dhexfindel ity of DNA
pol ymer ases, ich extend primers with a. nismtched 3 base at nuch 25Iomer

ef fi ci encyuciFgtvt 206 ol oE, TOTHESITHS Keysl. dirfi Bivertriont an: Fhgt wiith
mat ched 3'5:pasg: { Chep: gl Eh@émgﬁ&mqm Erilbisorads Ll 286003 kwrcthe

difficulty in extending m snatched
discases, predisposition to adverse reactions to drugs, and for use in forensic investigations,

Thus, SNP {or rare mutation) detection provides great potentials i diagnosing carly phase
15 discases, such as detecting circulating tumor cells in blood, for prenatal diagnostics, as well

a8 for detection of discase-sssociated mutations in a mived cell population,

[0003] umerous approaches for SNP genotyping have been developed based on mothods
wvolving hviridization, ligation, or DNA polymerases (Chen et gl Pharmacogenomics J.,
377962003 For exammple, allele-specific polymerase chain reachion (AS-PCR s a

20 widely used stratogy for detecting DINA sequence variation (Wu ef ¢f., Proc. Natl Acad. Sci.
U84, RG:ZT57-2760 {1989, AS-PCR, as #ts name imphies, is 2 PUR-based method wherehy
one or both privners are designed o anneal at stics of sequence variations which allows for
the ability 1o differontiste among difforent alleles of the same gene. AS-PCR exploita the
fidelity of DA polymerases, which extend primers with a mismatched 37 base st much

25 lower efficiency, from 100 to 100,000 fold fess officient, than that with a matched 37 base
{Chen ef o, Pharmacogenomics J., 3:77-96 (2003, The ditficulty in extending roismaiched

primers resuits in diminished PCR amplification that can be readily detected.

[0004] The specificity and selectivity of AS-PCR, however, is largely dependeont on the
natere of exponential amplification of PCR which malkies the decay of alicle discriminating
30 power rapid. Even though privoers are designed to voatch 8 specific variant 1o selectively

araplify only that variant, in actuslity sigruficant vusmatched aroplification ofion ocours,



prinmers results in dimnished PCR anplification that can be readily
detected, [0004] The specificity and selectivity of AS-PC R, however, is

| ar gel y owpents&n6020n t he nature of exponential anplifi caCirars2al/0PGR whi ch
makes the decay of allele discrimnating 30power rapid. Even though priners
are designed to match a specific variant to selectively anplify only that
varant WPeaSEER i sh ORLPLEADh AR SORd AR L CRL Lo, PLbEDSECLT S,
can be inﬂsl;vm}eng:@d»ibfymam of ypecpbnnubatdgingohc hetsequdiica ysufcvaundi/ng t he

tati A Anal . B ochem , 284:11-18 (2000)), th
amount _of AT 1€ VAT An S BPLYCHt “PROY e R dE T AR T T 0

bet ween akicg@rspat:irve: gl e&hesmﬁaiclae&t:d veliystivbhegesd fagtens @k rafdebic

responsi bl e E f?r t he frequent_ap ﬁearance of fal se- p05|t|ve results, | eadi ng
many r éseat’cher €y 2REEpT Ot 18 ‘&‘Sr“ééé‘é"“ithéf“#@ﬁl%rF?‘F%ic%f"tﬂ‘”‘éef’lﬂi’:ﬁ)(Orou Ci
cd., Hum ;Matass ?h@rgli@&iiayag453-9@51015&1@@/’”'}11@1\/ A6, o 167BE :Gﬂ@gqm) iﬂblaﬁzmx e
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1- _at or r a “ei FBFCi - SN 4?%”?@ %19(\%@ i [’é@’O‘S‘P Aﬁotz%%f‘(’( @Q‘Fﬁiol ogy

i nvol vi ng Ri.ehe: hybri.divzat on getheds used for discrimnating 10allelic
variations is TagMan- genotypi ng, However, |ike AS-PCR selectivity using

this met h?ﬁbﬂ'Sf Aﬁﬁhﬂeﬁg&%ﬁ ng{m ﬁ&ﬂg f?{P{Jt:%\ Flg iz %E%\ettﬂoﬁg \,eériﬁ d(%%mlnﬂmtm 1, 000)
alleles o ations in a ed s ﬁp suc% erelsaéhe in
the arl0 f eHcliompriowed conposi H:r@nsm@ndi £:0:1 d:rofds &“’@PG& t@’émﬁ‘gbnqi@?b@l nt

ea R A R R A AR B I M ey
sensitivi tnymamin@pzem ficity. The present invention satisfies this need and
provi des rel ated advantages as well. SUVWMARY OF THE | NVENTI ON [ 0007] The
present i Ny@ef i AR sBFHOMCRES a RQIIRR fle talt FASIMp AR EN OSHSpos RIBAL a{ﬂdtn%tﬁda% to detect

di scrim nati ng sequence vari ation between different alleles.

speci fi calsingle ot ssituboRsdaR-mBNPY; ingidons opdelstions ap#d ﬁtba@%r%méfyf wé@r
conposist i er})%’all%tlmg%an@ﬁgd ki r&tér%&cegée&lﬁﬁ HcRbd s@rﬂﬁlvﬂgf%f?@ﬂﬁ@ﬁ@ﬂﬁ/ B | evel
(e.g., quantitating) of rare ., mutant) alleliC variants, such as
singl e nuoresetinyentyl symﬁep)ﬂmwd Q@W@‘)ld%rrelﬁ@é p&oniags syt i ons or

del etions, in sanples conprising abundant (e.g., wild-type) allelic
variants with hi gh sensiti VSUMMARNGDF%HECINVENT;ONAS such, in certain

enbodi mant[&ﬂﬂﬁ hqh rgie‘§c%pt1u gt %gggm? £ rl’E(])VO's! i%gw %}yﬁ) arid ?1% E}Lc,\{“gmirﬁr%tng()d for
t he detection 2550 i anp 6§ cOht & i ng dabundant

| evel s of sa; Lwidedﬁliiylpﬁ batvleeh éﬂ‘i&ﬁﬁi’f’{)ﬁfe&@ hmwg;eaymbﬁm Inevet smoldi@smmutiant
al el 3'0 present invention provides compositions, methods, and ks for determining the presence
and/or level {e.g., quantitating) of rare {e.g., nustant) allelic variants, such as singie nucleonde
polymorphisms {SNPs) or nuclestide insertions or delotions, in samples comprising abundant
{e.g.. wild-type} allelic variants with high sensitivity and/or specificity. As such, in certain
ernbodiments, the present invention provides a highly selective method for the detection of
25  somatic mutations, e.g., in samples containing sbundant lovels of a wild-type allele compared

to very low levels of a mutant allele,

[0008] in one aspect, the present invention provides compositions for use in identifying

and/or quantitating allelic variants n vucleic acid samples. Tn certain embodiments, the

compositions of the invention can conprise ong, twa, three or more of the following: {8y an
30  allele-spesitic primer; (by) an allele-specific blocker probe; (¢) g detector probe; and/or (d) a

locus-specific primer,

[0009] in sowe emboduvents, the allele-specific primer coruprises a target-specific portion

and an siele-specific nucleonide portion. In some embodiments, the allele-specific primer
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[ 0008] tn one aspect, the present invention provides conpositions for use
in identifying and/or quantitating allelic variants in nucleic acid

sanpl es. WO20s/Ra2n enbodi ments, the conpositions of th@Crsentiios4zan
conprise one, two, three or nore of the follow ng: (a) an 30allele-specific
priner; (b) an allele-specific blocker probe; (c) a detector probe; and/ or
(d) a |l OCUs: %El)i?hﬂ‘li I(IDE% Ak Elargag{ n[somt: ‘:S)Jd‘l'i e ﬂmbodm;en? lﬂ;m% S )Lﬁgg at the "? end

al | el e-specrfic priner 'S8 AT Arge ortio

al l el e- Sp@@ﬂil&ﬁdﬁﬂ}ﬁaﬁf&tw ﬁl&r phll’tﬁ n@ﬂmbdﬂ]msﬂﬁ&ha&lﬁ)OdﬂhﬁBM &spf,tﬁe pnmrr as

Il el f te furth t |
ot menfef ePoe o TRl U RO BhaReetbonia BB R ST e

priner. | meQiRedre Gmﬁ@dbﬂﬁﬂh&nchhﬁcEﬁﬂjﬁc@hﬁkhﬁﬂﬁkhﬁk@ﬂﬁﬁﬁﬁﬁiH@&ﬂmtHEF has
repeat ed g amlne and é}o§|ne11§§!due ("GCr ? sone enbodi nents,
the mePtiAg ‘tefpeFatBr&peatye fTﬁéJ%hW“F%tﬁ‘FB @“?6%%?*?% ?ﬁ%r ranges
from aboutyb@G to about 567C. In sone enbodi nents, the allele-specific
prinmer concentration is between about 20- 900 uM, [0010] In sone

enbodi ment gy 0f he, %é&lg&ﬁ%@ i€ 2 UCL RO itﬁ':,‘%iﬁc, p&m&:p% RhrlBgual- Lg&ms pecific
priner is located at the 3' termnus, As a. non-limting exanp e, IS
used as t EBr alelcdasedi ’fviﬂ@im’fﬂjc‘}»‘;@dtqﬂdéfﬂiﬁw tqapricof Tt hesedlap dlogt 9%}2—%@ fic
primer whe t, i.f Mk | RQk P ~Which "A"
< The mut i Car sy %2?‘%2& R e R PO S R A e
3' al 118l evspecificsinueiveioh i despor ttiven sdifict He&mfhﬁlnen@p@?@uﬁq\@mpim ‘s when
det ecting . al r g o | mut ant
allele. [ 36t ?3 "iﬂrﬁg ble%%“ngmgic&?ul %”{%{]R%ﬁn]g % 15 Q LQHMH? . %ui( ic:%cthp%b
conpri ses aal/ nnmaetxityengdablyaadqb}mkenn whicet' ¢ athe hnetan a it:ér m nus. The bl ocker
noi ety can conprise any nodification of the 15 ribose ring 3'-OH of the

ol i gonucl EfOIIlil]jeE;V\AS}jnﬁ,‘el’lfrrﬁfﬁM@nt\SthaGﬂdi& L&B}i‘ﬁ%h‘f@lﬂéﬂ;%@ chbages: haot-besdlaniend of

t he oligon eotide s ence by nerase. In some exenp é

enbodi ment’ g’“ FHEHBHAL S( eRdEbTe T%F J%@k OB CHET TS, W ‘1‘&6{}{ of the

LI m t atsi ompoani@pticonat by osdbsdibdidt etickhrovkdid a@likor ofdirehol bids@s @ tho 37
3'-hextinediol nodificatjon), an optionally substituted al kenyl dIO| an

opti onal | ¥*$ubst PRAMPEE CHCO AR I FIPORTSIE T a P e FEGHEY 87 Byhaers. (MoB) , an
am ne (NBP)n-o &0 ALRUI R REG BQﬂ)Jr andsconhiinati Qﬂ%ﬁﬁgﬁﬁgfbﬁ e RE ef(“e{ red
enbodlnents t he non- extend ab bl ocker noi et y onprises an optlona |y
subst i t ut efyGlioGeza agl Fewif@ﬁi@lma(def Gt jgpuPpriipelix sedneld Grodi ket fi@h) I n
certain i l-el-e- | kic,nugl.eoti.d ;

al l el e- spggﬁgaﬁﬁgvg%%gﬁﬁgr6{é4%%%§o%g§eﬁﬂ%4 %%ébgﬁ?q B%%ﬂa dﬁ%gﬁ B8 trom
about 29 t &iabotiEC.10}:, suchmaguabouter®l B priyieng! *ﬁ@o@dm@ﬁziﬁﬁw ng@exigBlablt4, or 15

nucl eot | dep, anay,L{ o L. bl Qeken b ehy.oF £heydl Ll €, 28 spegific bl ocker

probe. In certain o I'nst ances, e al spéC| “Bi'6ckér probe is not
cl eaved dunmdﬂg:iﬂm mhmiﬁmm@nm kicif m@henmcln@ta‘a@oesmbhémﬂim ofectilte

Il el e- i fi I - b b 66C. 0012 I
altel ¢ Sp%@%&%iﬁ}gﬁ egg }ﬁ%e?%ed) irugm %‘%@(? Qg@ ZDD 1; IQ%}; Q;%J éb@u? ‘~Cis a%m%qgs\tuhh # ab8Lrp : ] n

certain e € non- Bnds noi et rise or
i ncl ude a%nﬁnoﬁ?gﬁ@dueubihd@rm(NGB&kumbseea&amntMﬂmmmaemh@@umﬂnmﬁgLthe

dabl 0,' bl ock t i ncl ud PO
7 arthor BHBOSHET S ( RV R kT OYdAD) € BITORRES ol 6ty Eong St's . o

essenti al kyapfd @[mcledaipsﬁ@fmgnhﬁphmnakdklycasmbstﬁ druteedicGsped@dhiatidey| di ol
(e.g.. a 3' - hexanedlol nodlfjcaé % an optionally substituted C2-Cl4

al kenyl diFP gEeRR B ARTORAH § 2EUbst i ut ed C2- 24 akinyi WO

2013/ 026027PCT/ US2012/ 051442

[0012] In certain embodiments, the non-extendable blocker motety dogs not comprise or
mchide a minor groove binder (MGR)L To cortain other embodiments, the non-extendable
30  blocker moiety does not coraprise or inciude 3 POy group. In further embodiments, the non-
extendable blocker moiety consists essentially of or consists of an optionally substituted -
g alkyl diol (e.g.. a 3 -hexanediol moditication), an optionally substituted Co-Cas alkenyl

dick, or an optionsily substituted Cp-Cyy alkynyl dich



[0013] n sonme enbodi ments, the allele-specific blocker probe and/or

all el e-specific primer conprises at least 1, 2, 3, 4, 5 or 6 (e.g.;

non- consewonsaRedzase, sugar, and/ or backbone nodifi cat iPOMAIS2012/08B42 ai N
i nstances, the nodification(s) nmay increase the difference in the I'm
between mat ched and m smatched target sequences and/or decrease m smatch
g;: ?C??V?ﬁ(wlbﬁb?nn ¥ t:inpﬁeord%le\éts 15@ f?e%e F;%aﬁ 31 (%%ecl@ aflg Bzh ?}Sl B é)Ieuég pllzmeik q
nucl ei c a@nﬂmﬁi§Mﬂ¢¢¢pethdeaankglemaundu@HNAﬁwwthre@sei@ﬂmUémnraC|d
(TNA), i .eic.a

5' et hyI &‘é%éw’i d?rh(‘egﬁdg ]E]&F(?}'ﬁ%& gu ng%é%éueﬁ?aé%azémd%bé z]ﬁﬁ)l}gf erence inthe Tm

8- aza- 7- déagacRinapRGhd ndimdeny )&’@@ﬂ uﬂmus:ec yidd/didage w('»l. &Q&iﬁk@)i}, priming

5-fl uor.o-2' - deoxyuri di.ne ( br.idged n clelc acid

ne
(ENA) 35.0rrmrHi‘Cl“1“8%t1 1S, Wd“b&ﬁ% ﬁ%n“ i%ﬁ% ¥ Oft"c\%’é’” 11}u:mg’i"’f‘ i it HoNE P !

pref er r ed sgnbadi;n@abs. indihe 108dk ﬁm@a@;t h@ﬁlgimﬂﬁ eatnd@mmt ihesal el er apegtfic
bl ocker probe and/or allele-specific prin ses one or npre LNA

nodi fi cat TGRS A HTEA) K fﬁ“’e??b”eﬂfﬁ \Jr?’t‘s“”%oﬁem%éﬁ ﬁ*idcétni*%‘hiids% BEREEd (a) at

the 3'-end; a(B) @%a&hgaéadﬁnﬁwmﬁgkaﬁﬁdéﬁwhﬂﬁfﬁﬁﬁb @9&%&%&@%u9&@%k{ﬁ8y
conbi nati on of (a) é@) (c) . wth specific bl ocker probe

and/ or t heCali et peeich retipr ey s0d h-Ob sowidy spebetacd dudnbedi FERt s, t he

modi fijgat 'n@%f({@g@m M>coﬁ*z§maﬁ§@§ ?ﬁtc%tm%‘}‘?mﬁl 8 h‘?p;%R%!ﬁ E!n?u d?h%@m@%l de portion
of the allele-specif prinmer, such he nucl eosi de of the nodified

resi due c@mmlrﬂage@l mhemrmlcthedbéfse%ﬂ@eai%f@i mxé‘r@ pRdTdEe- ﬂbe?tii\;weeemlal lelic
variants. .Jn.0 E‘ﬁie ﬁ%@&?i&%@n@ﬁﬁ&%ﬁe% maﬁfbﬁniﬁ}aﬂh& en?&'ili fc%ii&t w LNA) s

| ocated at 't e-speci fic nucleotide portion o e-specific
bl ocker pﬁ@b@daéucwfﬁhah?ﬂﬁeiﬁuélee%udet@mnmheiﬂﬁnmduﬁwedwme@bd@E%ednpr|ses

the nucl egbae%? Z a?‘gﬁfnn éh d?k{ml ﬂ?)lc@ia c tgiozggit W%gc an% ot %10 a(ficl\{q‘,rhclr rim 914] In

some enbodi’iren ased
IOCUS1§peeomepm&ﬁ&éemb%hmmmbebimnhOhMEnu&ﬁﬂddhnﬂmkswdhhmed@ﬂ@qﬁQMaprObe

conprises a 5; nucleas e Qe exe ! det ect or
o obe. comBTSuUS AR En HErat s QEORE or Bt Gl ERe T AR rETT

JOFTM yj ; Tik: cS¥BR«GH ﬁﬁmc)heba&xﬂu&mﬁ)hﬁfcriﬁ‘mw&{b(nﬂe&ﬁai gic ‘,Bhaﬁ‘k Hetier

Quencher."' " ¥ pass teference ( ROXI"). In sonme
G e e atemya mery S PO Eniags LB Sebid s b st nods. and
princi pl eswgestkisbed: bnnba®ie-BabtentbiNeer (Bobl2hc B8R tht h&i&lcﬁi@oﬂﬁﬂér e of which
is incarporated herein by reference inits entirety Partlcular

enbodi Hentfexhif%iéu%!fée%ﬁ%#bﬁea BORT ISR ‘"O‘Faﬁfhﬁebﬁf%é Rpp e
Bi osystems. Foster Cty, CA). 30[0015] In sone enbodi ments, the
conposi ti dWH4bf i Heng \m}?@ﬁﬁﬁ%h, dadoibaetinere é@awpweevﬂahp@rigﬁmir@é@w

deoxyr | DOMUEHRALLAR, LELPNASANALSB. CLNTRR) I oL DBt £agsnts, andiQrbul fors

suitable for anplitication l'ate séquence or nucleic acid
sanpl e. |@1§@nﬁr®nb@dﬂnﬁnmsmﬁmh@mpEJwﬁéﬁasei@dﬁabepafDNAVHdByﬁewege I n

some ot her, %Hb; i 11 nag F&Qﬁlpﬁ%mef&%% GO, %Mﬂp{mﬁl)b gﬁemf’i‘c(‘:rhno"ialw-ra(:t

DNA polyne enbodi ment s, the uence or hucleic
acid §éﬁpﬁebcﬁhﬂbHOENAmﬁﬁmdﬁtaﬁ@gﬁhQWﬂﬁm@NAaﬁgﬁN&%ﬂﬂbmﬂ@ﬂﬁlE@@ﬂfﬁﬁy DNA

(cDNA). in oth di.me te se ic aC|d sanpl e
an bt RNA SO nedBaGer” B oARA To016] [h SHOLHar HEBEEt . the
present i riverbion TpF MetdeSo eITeds, thodisanmpld fiyw-idiCs incamoatdiében by

reforence tn s ontirety, In particular crobodimonts, the detector probe conprises s TagMan”

probe { Applied Biosystems, Foster City, CA)

30  [0015] insome embodiments, the compositions of the invention can further coroprise a
polymerase; deoxvribonucleotide triphosphates (dNTPs): other reagents and/or buffers
suitable tor amplification; sud/or a teroplate seguence or nucieie acud sample. To some
embodiments, the polymerase can he 3 DNA polymerase, In some other embodiments, the

polvmerase can be thermostable, such as Tag DNA polvmerase. In other embodiments, the
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5specific sequence. Sonme of these nethods can include one or nore of the
followng: (a) hybridizing an allele-specific prinmer to a first nucleic
aci d nol exyol2e130ee@ri sing a first allele (allele-1); (b)Poylrseezosrg2 an

al | el e-specific blocker probe to a second nucleic acid nol ecul e conpri sing
a second allele (allele2), wherein allele2 corresponds to the sane loci as
allele-. J.dizi stector.p . L h ;huelelc acid

nol ecul e; %?H§$%S%$a}”0fﬁﬁﬂ%:tgg&§¢ fﬁsBeéﬁ? ug“itmmﬁ ﬁh H%! %n5|on

pr oduct oﬁ@m¢bwahm@ﬂﬁﬂ$pﬂﬁié}dﬁpﬁkn@nmﬁandw(é)1@@Rmawp@n&ykmgmﬂmEaﬁﬁrst

nucl ei ¢ aci d .nol ec r|S|Q 0@ [0017] In yet another aspect,

t he presen?ﬂ?hﬁﬁ%fqgﬁépwﬁ o (L1 Hgﬁé ?%ﬁ etecting and/or quantitating an
allelic variant in a pooled or m xed sanple conprising other alleles. Some
of -t hese INUGhods el FHES HBPSHE: BF<HGR aTefoet REEd) PowrrgY Peay “fjor i di zi ng
a first alhele-spestd % loRi-08hediOi@ah tcilic DMCH LG 8t rimplacul®
conpr|5|ng afirst allele (allele-1) in a first reaction nlxture and

hybri di zi Ay iseethedlchr et e BPae f pEPRITEF 206 R Eie sbrpidte teadich
mmﬂm?%MWSM%%&%%%@MJ&&%&M%@w&&ﬁ%@@&%ﬂ%ﬁ

m xture, wherein corresponds to the sane locus as allele-1; (b) hybridizing
a first akpaepesspeitidetibicogictr Jprbleintgela: §e@@ﬁﬁdmhu@rf@w@maémmﬁfﬂécul e
comprisi ng. ab bRl SRR LISk f £REL AL Xhne . 20d @DRGLMl2ig.a second
al l el e-specifit ocker probe to a second hucl el ¢ aci “e conprising
al | el 01 ispectivensgee ondle peactingmodu kttulpesi! L(ue«pchgnbmrdfrrzmigu‘eé@ﬁﬁ psplifdetect or

probe to €. [lr ucl ei,c_aci ecH ,e,in the first reaction m xture and
hybr|d|2|k%“% n%kwgkgéﬁhéF%cogpnﬂn ? dT%e first nuclelc aC|d nol ecul e in

t he secon ction m ture ). _hybridizin aljlr eC|f|c pri mer
ot o ox &SR OR B st it fe b veun it Sseifiodt BiRERTER tRE F1 r ot
25r eact i ORuiMiXdiidh @n 8Mdic Rybink di ZhRgdar secandmblcuspsRacihde 1&54 MRkuctc® the

extension product of the second allele- s ecificp e second
reaction Mt BFEvUes Y @Féc—awpf“wf Hthf halrie f‘“ﬁuléfl“gf}a Be a@r‘waﬂmﬁ detle to

form asfi pstacsets @ SauRleidofolampl |0Cfﬁ%ﬂ$maﬂ€trx|?%l@{@ﬁ&ujlYinﬂthh@au%@ﬁond
nucl ei c acid nolecule to forma second_set or sanple of npllcons and (t)

conpar i ng HREFIF shOEtnot sl e tiee Piﬁé0f§%é OFd et wHd BisFileons to

quant it at e.akhehes lechiy .{% b@ { §WﬁﬁnéQ&‘QH@Fw&&LHgn@JULﬁL Bodinandi:or allele-2 in
the sanple conprising allele-1. [0 I n sone enbodi nents, the first

and/ or se@@imm‘iam*éq@Asm{‘:ﬁom%a&s p}ffﬂwér(b briprivsss Bt dlalegete &pdedkT wropor t i on
and an al gl ecspeclfdc.aucleqkl de, Q{ntw'dﬁﬂ?Luﬁ‘ﬁé?‘?‘%m‘%@{‘?%%ﬁﬁm $yg the first

and/ or second’a@fﬁle speC|%ic_pr| er conprise a tall. In sone
enbodi2lentighridiheg Thavowf aitthespentid pleckfa P@bﬁ aridicorndgeclondcdltdtalispeci fic

primer ra%&%ﬁ; il épﬁﬁbf}étm@,»m%i/ wdg‘BQl?H&MgZQL Ab RO ch}%tﬁ{l%rﬁ;em{w bg

concentrati o secon Ie sp I C pri I S between
about 20- %MTﬁﬂmAck@@@QW:@m<Soﬂeﬁbﬂb@dNHemW8wxﬁhbvﬂaﬁgegﬁ&gamdMﬁm00port|on

of the fi rUStbc?o #hf‘ S nHEE !igl(li S0 K.,I;.‘IIIEU‘%{ thgg%ﬁt g}icttiac_‘)glgmgtuiscp ﬁ 'h‘, bi d1 0! r%] 20 of the
second al IFef*6- specitic priner hprise’the sane bseque

enbodi nentigystheifariget ﬁ-&beee:iufmmn@@mﬁsuoﬂ goeff rmhaﬁdthpas:tme}iriu&% er ﬁpﬁmt f ic

pr msr25 roaction mixiure and bybridizing g second locus-specific privoer to the extension product of
the second aliele-specific primer n the second reaction puxturg; (¢} PCR amplifying the fust
nucieic acid molecule to form a first set or sample of amplicons and PCR amphifving the
second mucleic acid molecule to form a second set or sample of arplicons; and (1) comparing
the first aet of amphicons to the second st of amplicons 1o guantitate aliele-1 i the sample

30  comprising allele-2 and/or allele-2 in the sample comprising atlele- 1.

[0018] In soms embodiments, the fivat and/or second allele-specific primer comprises a
target-specific portion and an allele-specific nucleotde portion. In some ambodiments, the
first and/or second allele-specific primer may further comprise 3 tail. In some embodiments,

the Tro of the entire first and/or second allele-specific primer ranges from sbout 530°C
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and the target-specific portion of the second allele-specific priner are
t he sanme sequence. [0020] In sone enbodinents, the tail is |ocated at the
5'-end ofwOhe1fazsr and/ or second all el e-specific pri mePCTIUS2610/681442
enbodi ments, the 5 tail of the first allele-specific prinmer and the 5
tail of the second aIIeIe specific pri mer conprise t he sane sequence, In
?Lgeg. 1?:??059 %nt n Suﬂl&:f iliagﬁﬁﬂ‘% %Ile cumentﬁia?m% ot ﬁsd‘ hﬁ\!! 3£1% i‘l 'set, )ltlufldl{ 56 & eCiéequeﬁgg

I n ot her @mhmdmmmmuagdnmeﬂtaﬁhﬂ@f the flrst and/or second aIIeIe specific
primer is GCrich. [0021] In some enbodi ments, the allele-specific

nucl eot i dgo@oy t omfcoutiRgicldufcSthe alrb@kgcrapeaidig tpri-aaieit Sp&pegirkice to a
first allele (allele-1) of a SNP and the alle] e-specific nucleotide 15
portion oﬁ‘mﬂﬁe“’gé‘cdﬁ‘t}l 1 1981 G HECTTIE 2P ﬁ%‘rﬂfi‘-‘s!f‘i%ffs}éc@’iﬂffé“ tis %4M8econd al l el e
(all el 8- 2ke@fndehen saMRNFimcR, SONRRIRRHNRALS ortiheiral:hal 8pSRRGI e
nucl eot i de gortlon of the first and/or second allele- specific primer is

| ocat ed a4 Hé “Beatppicmiorision | tsoneré rgar e IR e sl SER B t he

al l el e-specific nucleotide portion of the first and/or second

al l el e- spé&QZﬂ] ¢ iprirrerstiodviohivede thles seeddt te hirghbyidifee pidfinatiodg base.
20[ 0022] xﬂc ?Q ccm 33 % pe{n be;g@%% z{j@&‘cé‘fk ’J\ h@ tfu 51%%\ ﬁ!ngé Pf 3~ e&ﬁpqnmc 31

al | el e- speci cker probeé ‘I ndepéndentTy conprises a non-e Ktendabl e

bl ocker rmh%ﬁymauthhecﬁkhﬁEMH®ﬂu@4HEMEcbhmmkem‘%nmeuymmanlmemmr|se any
nmodi ficati g t k 1 ! t he 0 tlde

prevenps addi @n%nh ““fd??h“h”ihses 3”Vﬁep§mgeﬁ§ﬂ%gﬁt ﬁ” Fonic ébtlde

sequence hbyec &Egﬂ@inymegrcamm denc@xenpliacycerboditent $i tf 1he ﬂrwhstemﬁ endabl e

bl ocker npiet% nclu 25mat out limtation, an optionally substituted
Cl- C74 al K§i-"disi eﬁimﬁﬁﬁmr “THexanedi ol modification), an optionally
substituted CJ)-- 24 al kenyl diol, an optionally substituted -4 al kynyl

did, a mil¥Bdl gl stnderpms Bycie-givcRRitHEcE Py o Chite v aldEG. PO4, and
conbi nat i QR dNeReet: LRk ef atled.enhodl nent srpthe dnan: 1%5%&@%%0@!@06 ker
nD|ety conprises an optlonally substituted G -C24 IkyI (e

- heXAnedi6ion sbiiR Ficeat pist-spekiffc BOBET & A ticrs ¢ asversbaliciiya! 1&&1 + efrfeih*‘s}ﬁém f ic
nucl eot i deppon Lon. &flbotdnﬁ\nt {hstaue@déefm%%e@&m & Jt%ln%f 1RREG Il G Rlogker
probe is | ocated fromabout 5 to about or from about to about 10, such
as about 5ﬂﬂ6%&$ﬁmawmgfhl@mﬁﬁkiﬁﬁz ﬁi@HMi4mﬁemeiﬁbmh@ﬁeeﬁhﬂeeke%ayim?on1the
bl ocker 1€ L .54 r, (N-FS obe, In
certan obhar b LR B e e R P L Bt IRERE LD e
probe is mein%ﬂde£dhdvnmmng@R anplification. In further instances, the
Tin of the first and/or second allele-specific blocker probe ranges from
about258CJMH2Eb®M&%@5&Mhﬁ@ﬂ@&hmhﬂxm&ﬁm&hnd@ﬁh@&hﬁHﬂLSﬁmmﬁ@bmanfﬁxﬁ@ndable
bl ocker moiety in the first and L#’ﬁ% nd al IeI peC|f|c fk r probe
does not é%ﬁb‘r‘ﬁdéiei grHPHE" GdE" &Xtﬁ“ii 5 SF BVE BT ri‘bl ‘l?/f’ﬁjm“an ’F 8t P4

group. i n gkt alincalRes . Rk aBM & 1hd N :Rakg eXftJHQ@l&Qltﬁi cBheEkef: wmkety in
the first and/or second all el e-specific bl ocker probe conS|sts essentially

of or con$Tary:; dif&ﬁ*kééﬁ%h%mw%t?ostw af*éaOefmme?%mawwmal 81* (e.g., a

$' - hexane@i,Qn-rRdi fi-6aLH0M)emb3MnRRE] 808k ¥:Subst blbted (el Geddaal kenyl di d,
or an optlonally substituted C2-C2,4 al kynyl diol. 10[0024] |n sonic

embodi2fentetopretiips po anarely seedHEd &l el ‘élf‘éﬁé&kfwc‘ HEsxeiopr obe and/ or

the first n@ﬁ%@ﬁmﬁe&%gc@dl k%li%ﬁﬁt@)%% f('%g alRbs ‘,”giro GR IR !n%@gsuﬁtxtﬁlﬂe@%t {Qne
nucleic acid nodification. In sone e odlnents the nodification(s) may

i ncrease whendidifier @ictzionvtfeder (iiBatwersne (NHy), biotin, PEG, PO, and

combinations thereof. In preferred embodiments, the non-extendable blocker moiety
comprises an optionally substituted Ci-Cyy alkyl dicl {e.g.. a 3 -hexanediol moditication). Tu
30 certain instances, the allele-specific nucleotide portion of the first and/or second allele-
specific Blocker probe is located from about 5 10 about 15 or from about 5 o about 10, such
asabowt 5,6, 7,8 9, 10, 11, 12,13, 14, or 15 mucleotides away from the blocker moigty of

the first and/or second allele-specific blocker probe. In cortain other instances, the first



mat ched and m smat ched target sequences and/or decrease m smatch primng
efficiency, -thereby inproving assay specificity and/or selectivity.

Exanpl es wb 2818a26020di fi cati on(s) 15i nclude, w thout | i mMPCAUSRN2/051442
nodi fi ed bases, nucleic acid anal ogs, and ri bose-nodified nucleic acids
described herein such as |ocked nucleic acids (LNA), peptide nucleic acids
(PNA), threose nucl ei nuc ! nd triazole
nucl el ¢ adigx x(scr 1Cl i lﬁ)%pt:cmcsnig IF; pizvll‘a i mp 1) Li‘;m ef&ur;tm (1:‘![ ﬂ mrg{‘?ﬂmat?oh %t 5 to
6, or 2, &ﬂﬁ&rnﬁwmﬂﬁiﬁ)Tmuﬁiﬁﬂhwaﬁﬁdin@ﬁhmﬂmmbp@ﬂﬁﬁﬂuﬁhr@Bhdﬁﬂ%& &meapresent
on the all L.ocker probe and/or allele- 20specific prinmer. In
preferreddgngog h@ﬁl?ﬁﬁgﬁg plurality of nDdlflcatlons on the probe or
primer is non-consecutive or non-conti guous nodi fications such

as |, Nas APE3hotn FERET HodEeR o hare FW%@L iak%é ‘WCT’pfﬂitP(eF“%%lﬁiuénce I'n

certaig eﬁm%m?am&&mmp&l@t@ da&l iy PRtk eaLLION Shidos ohoocatigg (@) at the
3'end, (b) at the (c) at an internal position, or at ang conbi nati on
(.l‘('

of (a), (BYCEHapdyr wiehernen He cpivsttharansisatofie el Pereapsisrticc bl ocker

probe 25an5yif9§ id Beafdl Lstoandhohy @@%9}% @!(Jcﬁu%r&*@%gﬁ%wt& s RS o kN some
preferred enbodi nents, one nodification (e"g., LNA) is |[ocated at the

all el e- sp@@mhmir#a@p@wiiﬂ@iiﬁ?@ﬂw 6miof ﬂikﬂHéICﬁhrsstaaﬁ@f@hd@é@mw@aaﬁom At
all el e- Sp%ﬁ wrfa,g %hk%[r st (8%4 4l LQR?E i}t)m)zsaaﬂggl)guiﬁa{'ﬂg*«%ﬂﬁwﬂ %ﬁ?rg qg}i.

nuel eobase’ use dlscrlnlna et ween ic variants
the

g_|r Ffefrer ggé@}?rd%n h\m i r’n% ;ngmmn i '{hi' (i)iﬁ- 61;&9({; ﬁg‘g(‘flg all ﬁt éiﬁ(“j}i%% Os{'g(é $i aué‘xfag 8 -
30speci fi mb%@&h&brﬁi&hﬁ;g&ﬁ@hﬂﬁmﬁﬁﬂﬁhbﬁmﬂnﬂhfLﬁﬁb%ﬁﬂmbﬁﬂ@ﬁ%ﬁ@ﬁﬁi@@n
nucleobasg t hat H; us‘g g Bscrlnlnate .bet we n %%Ie iC va | nts. [0025] In
some embod? HEHt ¥ ERE PSR EEMEIE YOG Y TR BF SEFTHT AL o™i TPr oved by
t he i ncl usiam:0kndmnuel:-BiCaael Gqrec:fahgat die@[ba4em11~,i|‘a’&@icifxb;ﬁﬁtm;@ﬂﬁﬁ@ﬂ’c‘ second
allel e-specific prinmer and/or. first and/or seco@g al |l el e- s§e0|f|c bl ocker

probe as COHRPAFSHYEEEREY GEETEHY A NGRS R F TR R ROEBREMH L pri ner

or bl ggkeryprpbe:: KJun SR eRbadinBRLSes hhgcik ApH oMM d osPeeiifilbei ty 1s at
| east about 2 fold (e.g at | east about 2 fold, 3'?0Id 4 fold, 5 fold, 10

fold, 15 FyFgs 296 *ﬁ*@?f&““dé‘fﬂcm)““d[ OB [r16E Kars (eRBodicAEfR &eieitgidpeci i city

of alleli QP]@K?Q}QL\W 'ﬂ@@i&@r@u!issﬁahbl ﬁﬁ-ﬁ&a @QQH@% @”ﬂ&ﬁ' g n‘f&i (;fé Seicicabigh east about
2 fold, 3 fold, 0 fold, ol d, etc.) better

than t he ébé‘é:%fﬂwwc@w a@mf émix@f&dwcwwmu 0ﬁ~‘és¢fng A’q Felé) S pid PCR

with a Bl gk ] nt. : . bed. i) I t al.
LD 52 AR MR deE R et 8

conpr i2§e ap@iistmgercycithycprotdooint. thy psonsy efinbbtiavent &) the hebaanber of
cycles in RQEBL%L§E »£%§L8Luhi%nﬁ§%d@9%-9%81wﬁgm&FBEaﬁﬂhs%QQQGHﬂh§es fener

cycles than e second stage. 1n other
enbodlnenmsﬂt®h@hmﬂwbamﬁﬂwﬁbwwhmwkwnxmhe&fhnsvaata@eﬁnsmab@umngﬂﬂ&mbmer

cycles t haﬁ?odtﬁh%mpx {chm &%%ltESX’I o it P%f% SC0 I’g}d d S( )ag kil mtm s 5 Exit%n i3
embodi ment’$ VR es in 97 st age P e ween -4 cycl es
and the nuﬁbeﬁmﬂhﬁmy@iegghnxﬁneHSQcmedhﬁhmg@smembeﬂMean@42b<48uqym%es
25  and/or the first and/or second abicle-specific prituer, ¥o some proforred embodiments, one
maodification (e.g., LNA) 18 located at the allele-specific nucleotide portion of the first and/or
second allele-specific primer, soch that this modification comprises the nucleshase used to
discriminate botween allelic variants. To other preferred embodiments, one modification
{e.z., LMAY s located at the allele-specific nucleotide portion of the st and/or second allele-
30  specific blocker probe, such that this modification comprises the nucleobase that e used 0
diseriminate betwoen allelic variants,
[0025] Tusome embodiments, the specificity of alielic discrimination is froproved by the
melusion of 2 mucleie acid roodification i the frst and/or second allele-specific primer
andd/or first and/or second allele-specific blocker probe as compared to the use of 3 non-
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15[ 0028] In sone enbodi nents, the annealing/extension tenperature used
during the first cycling stage of the 2-stage cycling protocol is between
about 1- 3¥ol20manrei2han t he anneal i ng/ ext ensi on t enper at uPETASeA286t44N0g t he
second stage. In certain enbodi ments, the annealing/extension tenperature
used during the first cycling stage of the 2-stage cycling protocol is

bet ween 5%-05(1%%d%ﬂ9'ct-”h3%ci' tcr:] Q'eta‘elfri -“n'%?l % t'ea L. OPn ! "»%lrgpe%{b%gi%{ﬂetc UR€ dm gl‘»”; iﬂpegt itnhe
second 20stage”i’s between' 60- 62 f”F%éﬁ T IhSome 8nbodi ment 8, Cthe et hods
further coppticse ieutpre-«dopl?iffiddarl erdest @put 1 Rlcarmbid) hivehbodimenbsl, 11 he
pre-anplifhga%h§@ step conprises a nultiplex anplification reaction that
uses at Ié% t“t\W" dorpl ete sets of allele-specific priners and

| ocus-specific prinmers, wherein each set_ is suitable or operative for

anpl i fyi nd0%0k péiferernbsfizifie! Eoticadiony of Heky dstrimipgion toythert BaBodPivent s,
the pradugts. aficdh@om tiphexasampld kirgaticanisr eaetd om s @« divdigdesigu o
secondary single-plex anplification reactions, wherein each single-plex
reaction coitiEiHS! gl dnstrgnenpringey cketreplievi-Fusitye Ghek e FFﬁt-’.-%(ﬁ}g“ti pl ex
reaction. phik, Y&t Ot RerQubOdiRROLS, . bhe oMyl bipkex ampl i fication reaction
further conprises a plurality of allele-specific blocker probes. In sone
enbodi nment he, mul tinl.ex anpkifigati reaction 4 s carried out .f a
30nunber (ﬁozg{/c%é@%'u‘ilﬁgbﬁnégggébkﬁe‘deﬁ%%%%% “elégfh%% Wi tSf ﬁ'f(%'“ { Fﬁ%diii ?tgzéoe}fr 8{)hase of
anpl i fi catbonempOBBA]s, i morher €bddi et &t ddye of ihe Ststigndyddinz setand det ect or

probeg are Lhe sane. cJ@?&:"?%%ﬁh&@r di ment.s, u»‘ste?%'l hLigt.andior, second detector
probes ar YAV FTerent “UR SO EbSar ment st He ' Y EEY Aird7 oF Y'§€cond det ect or

probe i s ansetjuengekbasad: of chle ushsfincitidets detetlbotevwar ofag:s thaa thot her
enbodi ments the first. andlor second detector probe is a 5 nuclease probe.
'n some. eXBRBTAF S SRIBATREREE SIEha  Frr e aRar BPOLadbna et 80 er: Bribbes
conpri ses fian sMBs Wobeby 3- 7@y EIePertiey nui:elftyv(ies B.the RrdM'staoe isTelvam 430",
VICT, or S YBRv Green), a quencher noiety (e.g.., Black Hole QuencherT:" or
TAL' , , | RAf®CY<ieand/ or " a. passive reference (e.g., 5 ROXIn). 1111 sone
enbodi ments, the first and/or second detector probe is designed according
to thdSmed¥B8E andprivieipeas. e serphed ivsiop SovpatentscNgri®; #7856, t he

di scl osur e of, WAl chy 452 ncorparaLed hel gyl aherence.d f.d £s entirety. In
particul ar” enbodinents, the first and/or second detector probe conprises a
TaqMVae pr eheca{inppitine: Binasyastre nird dRosg e s@otystaGA)e cortai] 0g8tjrenslBesome

enbodi me nt&%}’%ﬁi{;‘%ﬁégﬁ%y{%ﬁh ténﬁ%‘tjﬁﬁé REGI LG, RE E E}fagigd; aitc ?@e{}fﬁ,t chag%ée@?iﬁig; specific

10primer c e sa sequence, Tn sone ments,

| ocus- specidige! primers &ndY thedsiecond!lhoersssspaciopireuprisiredurap €ctshens ane
sequegﬁe.qug%%%q%gng&ggxenbodinents, the first and/or second reaction
m xt ures Caﬁ'%ur‘%ér‘coﬁp?ise a polynerase; dN Ps; other reagents and/or

buffers s %ﬁggl for PC7R anRIific%pio,;_anp/orma tel kvte,§e§ue ce or
nuct ei ¢ ad@Eap e FHF-disha elib ol Went&OICRET A YT 286 8EAN b "a DA
pol yni er asguaik BB ERAIHBRESHcaiNe1 ROl Bt @Sen@afDenbiRE Al 08t@bke. such
that uses at feast two complete seis of allele-specific pritoers and locus-specific primers,
wherein cach set is suitable or opeorative for ampitying s specific polynucieotide of interest.
25 Tuo other ombodiments, the products of the woltplex amplification reaction are divided into
secondary single-plex amplification reactions, wherein each single-plex reaction contains af
tzast one primer set previcusly used in the multiplex reaction. In vet other embodimenis, the
sbtiplex amplification reaction further comprises a phirality of allele-specitic blocker
probes. In soroe embodiments, the realtiplex amphification reaction is camied out fora

30  wumwber of cycles suitable to keep the reaction within the Hnear phase of anphification.

[0030] insome crmbodiments, the first and/or second detocior probeg are the same. In some
embodiments, the first and/or second detector probes are different. In some embodiments,

the firat and/or second detector probe is 8 sequence-based or locus-specific detector probe. In

8



as Taqg DNA pol ynerase. In sone enbodi nents, the tenpl ate sequence or
nucl ei ¢ acid sanple can be DNA, such as gDNA or &NA. I n other enbodi nents
t he t enplaiDeosdgeence or nucleic acid sanple can be RNAPCIWSR012OSHARNA,
[0033] in sone enbodi nents, the first allele-specific blocker probe binds
to the sanme 20strand or sequence as t he second aIIeIe specific pri mer,
\;\qulugnz geazlev%: O n}.d(*dfamei%% E%F ?p@%? cii}_ziSOE”eSE(iO g(glktecim t‘.‘ IT nigusc Gdﬁ‘:ﬁrﬁ)() & r?‘[r::?‘%ﬁ,st [ ﬁgd or
first andbeﬁmsec@nﬂnahke$ehspecmmmcwhbm@&emnpm@besuamehuseﬁﬂﬁﬁzmﬂdyce t he

amount of background sig gener.at J he _second all el e and/or
the first “affelt mo?%ébee??b% 9? gg%e g#ﬁod?ﬂgﬁ?% ?f?P%?qﬁﬁHL%r second
al | el e- spegiidt ¢. @|@1€3&&ﬂoi@ﬁﬂ&&$u&?‘ e; %nmextiemdﬁbﬂweuamﬂmeeé erentially

anneal to e tQ@r t he se dallele or the first allele, ectively,
Lher eby bIGEK! g CHE® ZAREAITHy (61 St 51 Coxghpt € THE SRPIIAB oINS al | el o
- speci fi cipri n@ﬂhuﬁ@dﬂ{}h@i 18paone. abdahe. ﬁar}d{gm& heuemke HH@M&W@@Q@ mt;ch

all el e-specific p rlner to first allele. In somne ex%?

enbodi nentSICHREHEY pEE AN rEPERecdn £ PaiFEs( hbm@muhhwﬁewmew AR gﬁftdﬁéew lele.

I n ot her Qé%ﬁ@h@é’édfui‘%ﬁh@qlo%m&a%Qﬁa§%&@m akliel @iclan akupdantcie. g.,
major) or wild-type allele. [0035] in anot her aspect, the present invention

provi des dﬁ For deteahh: genﬁ mﬁ‘ﬁ@’{'ﬁlﬁ (_fe Ge Brihibl 8 2 L8 ﬂd(iuéﬁ@r#t%ﬂk ina
sanple co |ng a secon lelic variant conprising one or t he
foI|oﬂpnnganumqﬁhﬁgﬁsah¢eﬂeuspehwbnc»pwpﬁemﬂ%@b)waﬂseeemd4é¢@eheuspec|f|c

primer; (c tlr | ocus I,fl ) a second | ocus-specific
pri mer: (a%uﬁ the m.on? S xenlcuf1§ i%u aigthbl !(i)lggé"ﬁm(mobe (if) a second

allele-sp c.bl ocker, probe; ( irst locus-s ific detector probe;
ond°(h) iz na B Shaflnr 6t Bhe B uh Sro Bt arBoSer n i

enbodi mentesmptie: fobymstacanthar:; aeaong.al bel'e-tspee lsinmieumm =OPNMLISES a
target-specific P${t|on and an allele-s eC|f|c nu&ﬁ oti de portion. In sone

enbodi ment&Y HhEPIES LN GriigeEshd ATl 8L pEEr “bf”l“ﬁ@fﬁ‘%{ﬁ)“ﬁmt her

conpriige aat &dd o Q}h@fm&mom RS 1ARCRY 7%1%{%1&&5’?@%111@&331@ nf l8haosamd/ ansecond
allele-specific prinmers in the kits of the invention are descrlbed above.
10[ 0037] PPh 1 &oHE eiBeRI HEnt 530 FREEHIBSI Tf BRE Mt HEas a6 €Y of t he
present i nyentiLomosoxi dex b ghall etiia di sgE makion :@ﬁeﬁjg}tﬁu&t@maﬂd
selectivity. In sone enbodi nents, the quantitative determ nation of

speci fi ci ooyl erd setecenvr () 4o orPri 98534, conparison of Ct val ues between
a first set of anplicons and a second set of anplicons. In sone
enbodinenﬂ@B3heﬁ@emkatwdhsnathaﬁhev%iﬁmnefebyeaﬁshﬁgbeweegyxeﬁua gi ven
aIIeI30|n not her. . can be

“ \ QO el £40 £ f. S08 .
det ectla Foodbr e sa PRtray ot iBne b e it Bt e Mun T hods. and
kits of t I’memlm\;eastteﬁmma |z1r by mi:e: duapt evedicdet @chd i@nm aa}ad: c@ﬁsm paerats amscof

allelic varla or. nmore of the follomnn onponent s:
(o San’ al TebETgut T P erner Bt Sihig e TR Sl e ey HHoRrEeft on_ouch
as a Iocke,dmnzucﬁeiz,:cfom:ah&iqg;bl}\lﬁanc@tcﬂml past th: onood al’idﬂﬁnﬂhﬁﬁ{dfmmﬂﬂh ng base

20(e.g., an aIIeIe specific prime talnln LNA at .t he

pol yrmr phl"%"?sﬁut‘*e)‘ 1‘(157“‘f§ﬁ1b8t“|nef ’;“;3 (i c&*B‘I“gﬂ%@r“?fﬁ‘gb%}”&"\l@ﬁﬁ%ﬁ?sﬁ g a

non- extendabl-ehl.oekes p;rxwr@w @yglbsza@uahﬁm GMH@MM ordbOfired 81,

hexanedi ol ) nodification at 3" termnus and a nucleic acid nmodification
such as a "FBeEsly s ’é”‘é‘é‘i‘udhf F_frwmgtf et pBEl Pe AT e R drEER ni nati ng

base (€. gpocichORK el 104 0AMHIEl 0l R coRkAbNIR%:3 hexanesi:ohinkheeal
group at t%l -end and a single LNA at the
allele.

[0034] Insome exemplary embodiments, the fivst allele is 8 vare {2.g., winor) or nutant
30 allele. in othor exemplary cmbodiments, the second allele 1 an abundant (e.g., major) or

wild-type sliele.

[0035] in ancther aspect, the present invention provides kits for detecting or quantitating a

first allehic variant in a sample corprising a second allelic vanant comprising ong or more of
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25pol ynorphic site at a position that is about 5-15 (e.g., about 10)

nucl eoti des away fromthe bl ocking noiety, e.g., in the mddle of the

bl ocker pwolze)3 26y a detector probe such as a TaghMan(r pCprush@2(814g2, a
TagMan(r) M3B FAM probe); and (d) a | ocus-specific prinmer such as a reverse
prinmer. In certain instances, the bl ocker noiety conprises a Cl-C24 al kyl
diol (e.g.,. hexanediol) that is.conjugated to .3 -end of the . .

2l el s spds TR de R bkt Feo T 50" Qat BB T L ph B ami i ¢ e

| i nkage. [wueertdicpriot:hed) 4 nstrdrices spdchie assay cnefhodsicefedifiebizivwent i on are

performed on an AB 79Q0HT Real, Time PCR Instrunent, although any type of
real time? ﬁ?hds’”tci”m‘rledﬁfi”?h‘oﬁ\}fﬁ F s By (\fb’r&‘cﬁr‘r‘f T%}i”"é’?(‘igﬁji’c ({gﬁ“‘“g’hbj “’g%/’t‘m{an be
used. | n parddesliascuespoedicnentsy pohe reaction characteristics conprise the
followi ng: Stage 1: 95.0C for 10:00 m n; Stage 2: Repeats: 40 95.0C for

0: 20 M 6Qe@d%] f O s MicADMMnenl:003 8l ANar QB 8BS spLRRMERS cor@Beadvant ages
of the present invention will be apparent to one of skill in the art from
the fol | oWFBE BT H 18 E a8 i PHtT-anc R d 4 v ide ¢ O BRITER 'DESCRIPTHON'OF THE

DRAW NGS 514t o} 90AQ) i Bl GME 8k iifleRIGL 310 RERPRQML BNt 0T d he s oaRLi€ mutation
detection assays of the 5present invention. [0041] Figure 2 illustrates

t hat the ug® refredine diclfelt ecgpesidnd ¢ligeispasicoomprd igitlmgda of dekadntictei ¢ aci d
(LNA) rodigficatd %gg,@t the 3" -end ("+A" in "GlL2S ASP-LNA") and an
al l el e-specific blocker probe conprising a LNA nodification in the mddle

R R e S T

di scri m natdvah togh AklielikeivMasdcanbs:itatny theskKRASHGCLER SorSNRab (@042, ik gure 3
illustrates that the use of .an allele-specific primer conprising a LNA

modi 11 cat ROHTELYE A5 TaRA C e oy et SR ASEY PR ac AR AT GRA- speci fi o
bl ocker profhe: conphi:Firngeat kNAPDALLd Caté@ned oF abihecak dd] @nefnbb&ments,

ol i gonucl eoti de sequence ("+G' in "GL2R bl ocker-LNA") and a 3'-hexanedi ol
modi fi cat PORCHEE P i I RUSRBIPoEIE PN § B ) fﬁ%lfd('?gémf Ra s e fat  on of
al l el i1g vapiant:s-1aty 1iheKRAS &£L2R¢SNP. [0043] Figure 4 illustrates that the
use of an allele-specific prinmer conprising a LNA nodification at the

compr i s1 ng 3L N B B e BRSBTS cequence
("+A" i n DHIOKTRDIIVobvctipnptd dissrichinaiian ofelckineetiaols uodPhe.teeilre ¢ C" i n
at the Pl RIS A TR" Bsbm AR *Rh e R R A Rlne B L G El 1 6
vari ant dissciiaiimatucioms albckedaudGERCITTONM pohypmitiphio€ ths idiserimmiingg ahe
e, LIS RRE A TGS PR T  BESR e T
EGFR L858RII&5pdciffvd @herpraiictcempsisinga hérecttdtdabio dlot ke choidty alck-aspECIChHi C
primers arglﬂ(ypgli(o)f)(gfg., %Exa{[ng(ﬁol?%eo %@gtioinrgl ﬁl@%" ‘Peprhinus and a cleie acid modification
such as a locked nucleic acid (LNA) at the position of the discriminating base (e.g., a blocker
oligonucleotide containing a hexanediol chemical group at the 3’-end and a single LNA at the
25  polymorphic site at a position that is about 5-15 (e.g., about 10) nucleotides away from the
blocking moiety, e.g., in the middle of the blocker probe); (c) a detector probe such as a
TagMan® probe (e.g., a TagMan® MGB FAM probe); and (d) a locus-specific primer such as
areverse primer. In certain instances, the blocker moiety comprises a C;-Cy4 alkyl diol (e.g.,
hexanediol) that is conjugated to the 3’-end of the allele-specific blocker oligonucleotide
30  sequence via a phosphoramidite linkage. In certain other instances, the assay methods of the
invention are performed on an ABI 7900HT Real Time PCR Instrument, although any type of
real time PCR instrument known to one of ordinary skill in the art can be used. In particular

embodiments, the reaction characteristics comprise the following: Stage 1: 95.0°C for 10:00

min; Stage 2: Repeats: 40 95.0°C for 0:20 min 60.0°C for 0:45 min.
10



[0046] Figure 7 illustrates the effect of an abundant anount of wld-type
DNA from whol e blood on the interference of detecting the PIK3CA H 047R
vari ant awDebs/izo2ri 047R-positive KPL4 cells. 30[ 0047] PEIrgise@ 2051442
illustrates the effect of an abundant anmount of w | d-type DNA from whol e
bl ood on the interference of detecting the KRAS GL2R variant allele in

Gl2R- posi t bqégg Pﬁ%}ﬂ' T %g-l 8 f%%tl[afosggﬁcl acf\:ficugvagéeg of9 the h%\é\és Enr\]fgﬁtio%%ig%g ia@%g?%i t0150 CRC

ti ssue sa QI ere no I'Nterterence obser romthe
negati ve saapf<dl ank: drhiadm detfelddwiogdodiled derealstiqil guidiguean be val i dat ed by
titration. [ 0049] Figure 10 shows that the DxS/ Q agen Scorpi on assay

can only detect 1000 ceBRIEFDESCRPTIONWE TSE PRAVeING®0d spi ked with a
serial dilution of SW116 (GL2A-positive) cells. {,0050] Figure 11

i |1 ust rat d¥090hafigurrel fopistt e sMBRNMCRPI i sqipatiaratationdsisrton pedts ot Bel  and
i dentif5i eGrekdntMlen@n. 15 mutant sanples as wild-type sanples. [0051] Figure
12 illustrates that the somatic nmutati on genotypi ng assay of the invention

had a det | @S| I ( i1 - S, J whol e
bl ood m xitrar TUmEEEBh @R HRIOF bR R bl e Bt of

t he i nvenmidpiciagidWhNShmpihidicatmnat te Pebml (“afdin§t126 RSPNAtapden alldle] e i s

sel ecti vel i fl Sl 1. h SCE | . j T i l.d-type
allel e doé ecﬁgg'fﬂl%{kt%leuco:ﬁeje dé)ﬁ’%él%rlgg Fﬁ%’?‘?@ﬁ&g@g%{u@? g%ﬁe]cgéﬁfstge lf‘ggg%ﬁy‘\%olct:l er pr obe
wi th LNA E&uenceRi“tuii @ “G32S hlvdkdndXeYiedindd 3 ApdarfedmhmodifisatioplffCadiiz 66129 t he

wi | d-type. allel thus i di.ng. r.eal -t PCR.anpl ifi |

a1 er dO2p etk DBl R o AR e P eiehs Sl S

pr ef er abl ridizes.to the mytant allele rather. than the bl ocker probe,
and thus ﬁ%@éi}i F éﬁ“éesf glﬁgra&‘ér‘il&t i“é"nO%In agelle'éﬁffc!f{]‘i%an’@?in@h%qg ﬂ‘l'rlg‘éti on
product . [QREFhd 4w’ 4d aheo i$FToOMR APRLNAT) &ld £l ScSRE&ifd Klodket H8Be Can

anplify both the wild-type (negative control) and nutant (positive control)
al | el es. TRBPEYR 3 FNARedificappinghg mjddlerqf Sheeoligpmicleotide sgaueaye Wirth it he

al | el e- spegji bR G1obRATNANBAJ §&ShdrhitHic? BRI nt(Yee TGRSR BREKMMIINA - NA
20sel ective anplifies the mutant allelic variant. ]%0054] Fi gure 15 shows
t hat d6r at@piores thy/dipiriiaation haliabeivaiangtat SledionS GA2RSNE| e- specific pri ner
can inprove anplification and lower the C value. The perfornmance of the
assay can [¢#3] mbrauetilloytratdsehag edisodt amptleletsheenfiocgmandr Namprising a L9O55] Fi gur e
16 shows t A ee 0T kD Ibhcadd Pl ) ively on an
251 1 ol o- SHATHIGE AR TR el HR Mgk R PR P R IR AR | GG
Fi gure 17 psd’wwsmpnilsi@(aamphanqdii_idhlﬁomltk&{:midﬂleaﬂdleoﬂilgelmclmddlq‘sie@xcbntd\{AsAt’hat can
Ibﬁvgf]te Id on ?%ggfoéggg,fq%ggg@ggaga gm;gr?ed?oll R ERRGEECinPH FR Qhckfle Present
20  LNA”) improves the discrimination of allelic variants at the PIK3CA H1047R SNP.
[0044] Figure 5 illustrates improved allelic variant discrimination at the EGFR T790M
polymorphic site using the LNA-modified allele-specific primers and probes of the present

invention.

[0045] Figure 6 illustrates improved allelic variant discrimination at the EGFR L858R
25  polymorphic site using the LNA-modified allele-specific primers and probes of the present

invention.

[0046] Figure 7 illustrates the effect of an abundant amount of wild-type DNA from whole
blood on the interference of detecting the PIK3CA H1047R variant allele in H1047R-positive
KPL4 cells.

30 [0047] Figure 8 illustrates the effect of an abundant amount of wild-type DNA from whole
blood on the interference of detecting the KRAS G12R variant allele in G12R-positive PSN1

cells.
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[ 0057] Figure 18 shows an exenpl ary PNA-DNA duplex (left) and an exenpl ary
all el e- 30specific prinmer with a PNA nodification (T in Figure 18; right).

[ 0058] Fiwore13@e@iows an exenpl ary TNA-contai ni ng ol i geandlSeaioss4z | ef t)
and an exenplary allele-specific primer with a TNA nodification (T in

Fi gure 19 right). [0059] Fi gure 20 shows an exenplary ZNA ol i gonucl eoti de
(left) I Z nodifie eci f.i.c Tin

Fi gure 20) 0(ﬁ|§ Ogé(%lf %}%&Vrs e Treeﬁmﬁlsogéid &egéﬁ%ﬁug Samplle lcatngtlilattflerg eft) and
an exenpl abyntaifdraiceobgp@dﬁ‘ﬁomh@negmvfe safmples andrthDNétenmxdl dfiacatak signdlcaght ; T in
Fi gure 21)b 1(@{5 %b F]ﬁrgure 22 illustrates an exenplary bl ocker probe for the
GL2A KRAS S&KGPY (B Yk esent i nvention. The bl ocker probe
(ollgonucleotldes) IS speC|f|caII¥ de3|gned to hybridize to the wild-type

al | el e and004%hi Biguege 10 bownibes the PxpiQiseen C%ﬁpa%w%%&%tqcaw%éﬂsg@nom c

10DNA ef f itgd BRbrY o ARIbISBIb&ELIpiRea Mth aWetidl @ittt Jre®i 1116 (& 1ven-poddkcd Egrt i on of
the allelic variant. [0062] Fi gure 23 illustrates that the KRAS GL2A assay

conpri sin ically
B S S o S S A U
wi | d-t ype idantib¢del 4 @y of Irﬁlmut@,@tlsempiewswﬂcbfyp@ B?@%é@say is inproved with the use
of a blocker in conbination with the presence of LNA on the allele-specific
priner. 13000p3Fidargliritiusdtes fande somairpartitdargcheypieemsasy dltacikentips e Wi t h
a hexanedi ol  nodification ' .C on. 1 ai .a th a hosphate group.
The bl ockde W&B%@ﬁélap%as Bebaose et ChaboPeatoR b uphey “br 28 5
conpared to a Ct  of 2 for the phosphoryl ated bl ocker. [0064 Fi gure 25
shows [Phat0&2h) Sw&I%IWtW% AR R PediRegtiob e frysntion ipichdhe e e 20

conmpar ed t0c10Nad Wbt (RoWHd- LA alétt BUERcRRIyHngHified Lisd thahRolid@kcddeg met hod of
t he present invention that enploys a bl ocker probe with LNA efficiently and

sel ect i velhgregrpihe milddypardlelndoantot pepdpeerin amphicaion weodast besquegihe Blopker i ¢
di scri m natiy@Ryichl10Q0ad i it €3 hﬁa@d%@ﬁ%d&lhﬁédﬁ&h@ﬁ%@%h@i&éﬁ HRRAG-9pe t he

present invention that usés LNAcontainin specific prinmer and

LNA- cont auaH¢lngh1!§|lm@R<bng lmlotb@e hak ampgﬁpa@p@c”rhq %kb;ﬁpmﬁc PBo¢revithatland al l el e
and geqner r hows t hat
the wira oy paiedifRch FlrafPbickrfift hAPLORHE] muShOMEE @R thae 10

di f f er encdlackerrpedbie] ang thl@rfpxelntatteuﬂle g(:ﬁléme)tloanﬂa CGal-tmt BERbetpliBention mdmtoc ker
probes with the sane sequence and 3' hexanedi ol nodification, but different
| ocat i ons [@f53] NRigare Iesobhoektnt medjdlesperificlitiserichd arsflifabed tivomld-fype posi tion

of the LNA in.30 the. bl ocker se uenc nf | es th erf nce o
Sesny INAMSEah e PRl g e M D i B R s Dt peg hat
per f or mancie: @faytwith tASSlRYe-Wetific L@ prone hadigh Cappsitye drie@ribiewith msllxser W th

LNA pl aced away fr e allelic variant nucl eoti de.
P 20 selec‘uv% ampl? 1es ﬂt]e mutant allel?c Va?iant

[0054] Figure 15 shows that strategically placed LNA modifications on an allele-specific
primer can improve amplification and lower the Ct value. The performance of the assay can

be improved by the used of more than one LNA.

[0055] Figure 16 shows that three or more LNA modifications placed consecutively on an

25  allele-specific primer do not produce an amplification product.

[0056] Figure 17 shows an exemplary LNA molecule and other modified LNAs that can be
used in the present invention. The allele-specific primer of the present invention can

comprise 2 to 6 LNAs.

[0057] Figure 18 shows an exemplary PNA-DNA duplex (left) and an exemplary allele-
30  specific primer with a PNA modification (T in Figure 18; right).
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[ 0067] Figure 28A shows the influence of Tm of the bl ocker probe on the
performance of the assay. Figure 28B al so shows the difference in Tmand C
val ue betweenidg22ecker wi t hout LNA and one with two LNRET/URR@2iofHzase in
Tm due to the presence of LNA, consequently inproves the sensitivity and
sel ectivity of the assay of the present invention. 5 Wth the higher Tm

t he bIock e e ned annea ed tar get d n te S|on t her eby
ef fici entI 5@[ ng th Owsa %i‘e{“;? T]ﬁgeﬁomsai‘mn = uc ][elcrqu(neef%S (?
anpl|f|cawk@mﬂamdudhhpmmﬁqumbewmhmﬂahknbddbﬁmmmﬁﬁﬂF@emlpr@@m)entlaIIy and
selectively. The Tm of the sane bl ocker sequence increased from59.9C to
68C Wi th t0u59pddidutord sibwt WdexdeMPBiry ZNA[JDQORIc1cbli @ TeEt) 21 aﬁfmﬁlptaﬂamlxhe

pl acenent of 6 consecutive LNA nodifications including 10an 1, NA | ocated at
t he aIIeI@“@H@@@ﬁﬂ&Sﬂﬁéﬁéﬁ??ﬁ@“ﬁ%§i@ﬁ@%“%ﬁ)the bl ocker probe conpletely
arrested anplification during PCR Q¥cllng 0069% Fi gure 30 shows that the
ACt vaPued008h Biguisddahews deeemmanelzeA modesnlsi(left) gndom cxpraplaygdlgleand its

selecthlgyCH%ngateqhﬁ 1?5%@¥@bﬁﬁc£ﬁ&%} %hﬂ?nébé‘Lhwvcontalnlng primers

and probes I easl ity an se ectTvity of the assay of the

present E(Y@r?i)m%%%lrel%{ 19us es an m%laﬁbl%%m%rolgg ttheeG %Rxglagsgs

cal cul ate *ies Firous somat i ¢ mi Ion ge o yplng
assays. A$&ﬁmuﬁn@mnmh€hébgnhﬁphhﬁ(d%@ﬁmﬂﬁmﬂg@adpmnﬁhﬂﬁdﬂbﬁwdﬁﬂn&admeng

primer an | ocker rforned.better an. th her assays that contained

D o s antis SgHRE Tk bR R oh P B u0s SR, ot eo t he
use oflot heNPA K@icanitp dhikcreba)y, ofithbaffpdtiag @ittaniphiviesion onticalld@ vgrant i fy the
percentage of the nutant variant present in an unknown sanple. Figure 32A

shows t hatjodeap ﬁg%mrlﬂuﬁﬂdfe\!ﬁlaﬂ% KRS @li@@é\aﬁéﬂ@ﬁsﬁglaehmpméﬂaa% and the

MCF 7 cell line. 1t was created using nethods described herein Flgure 32B

shows anplbigckeprebsvitihieyasdipbspeeifieal iysrmdiipd Saaslisyariam i radiignbiedn t h
col or ect al, fARCAHN HERERAIyR ABH (B). 'ﬁ{éQelreaﬁfmg%§{hre'aysﬁﬁ%QHlEfonEd (M7 cel |

| ine) generated using the enotypln assa ure ows 25 the amount
and t he p@ﬁ%@rﬁttégé(el(lpe@@bm@tlmlﬁtﬂlem)esqyﬁe @Hé\“?mnﬁmallvlaﬁpwﬂc [EBRSK present
in the sanples as determ ned by the calculator. [0072] Figure 33

i |l ustlbat ¢8068he Figsies zylfshbWea &mrimﬂwatmmawlwkeﬂmdoemi&%hmaﬁadmnti on to
quantify per.cent a ant var i n.an, u K sanpl e.
doure 5o SHBRAGER A tipt oMo Ah ol ARhEEbrell P Resh B bROTEI: Fe"Rns
GL2D genotpymmgdamwm@amdertmefm kédpaeekd a Ci df6.1.2|:fbgﬂhé pha3gidrglawis t hat
anplifica%’op plots for two unknown sanples frompatients with pancreatic
cancer (S hﬁ ®s A and B) and a positive control (LS 174T cell line) that

wer e generated usi ng_ nmet hods of the present _invention. Figure 33C shows

t he amountl0A] DRIgUSShAwE thate oskearepnyith A Anpiedifisation basarpWeids! YaBeer ni ned

usi ng 2! 2bhe c6RbsHd RLAE Wit @ N 2Pightd 29k1sS iIR¥katé@hAth/BethQ dhfe RORWE | Ve
control
invention that employs a blocker probe with LNA efficiently and selectively amplified the

mutant variant, and shows excellent allelic discrimination.

[0065] Figure 26 shows that an exemplary method of the present invention that uses LNA-
containing allele-specific primer and LNA-containing blocker probe had high specificity for
25  the mutant allele and generated a specific amplification product. Figure 26 also shows that

the wild-type allele was not amplified.

[0066] Figure 27 shows the difference in melting temperature (Tm) and Ct value between
two blocker probes with the same sequence and 3’ hexanediol modification, but different
locations of LNA on the blocker sequence. This illustrates how the position of the LNA in
30  the blocker sequence influences the performance of the assay. LNA placed at the base of the
allelic variance improves the performance of the assay with the lower Ct, compared to the

blocker with LNA placed away from the allelic variant nucleotide.
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[0073] Figure 34 illustrates the use of the EGFR E746- A750 del eti on EGF
assay of the present invention to quantify the percentage of the nutant
vari ant pwe=ers02s027an unknown 5sanpl e. Figure 34A showsPClaSasplosf44zat i on
pl ot and standard curve for the E746- A750 del etion of the EGFR gene for the

H1650 cell line. Figure 34B shows that the anplificati on pl ot for an
unknown s at i a [ itive
control iieah ERATIR St RSP PSR o b L Aol s BoRF s e R or cen

i nventi on theFisgiyr €1g3ACahdwsshb wethadiftendncofn Thdnd @t \Sawrﬂeeweén evpckssi ng t he

EGFR del et . was . 10d rmmned usi cal cul at or e 3.25 ng
or 0. a0p - ruaeigiA BB el pnS T R e A g e RGP eSS of PR rat o5 The
use of theoﬁéﬁ@%ﬁtlﬁww&s sieysefitiityand s@eenity oftuenbayast thaprepdatinvdnyion. he

ercenta t he. al ri an resent in an unkno sampl e. Fi gure 35A
Do S Syl M Bt S b R R BiHed B T e BN BBOE &l | o1 1 0

variant f Qlﬁeréﬂ?%ffﬁﬂenﬂ? bERking ktieRld- @f@ﬂfe&: fRBinddins e WMt lambigcafioPhid | cation
pl ot for an unknown sanpl e 15(Sanple A) froma patient with |ung cancer and

a positivél %ﬁgﬁwavm&hﬁ qpplyfieq] pwé%rertt%w aggeelectiveher edd tidhhitt et hods of

the presemiockdy h&nncrEe;sg&lfr@m%ﬁ.@ S oywsc Wi taRiditon Of W IYNAD Sanple A
expressing the V60OOE variant of BRAF was calculated to be 0.18 ng or 1.2%

relative Ui sRAR] 1446, CARt fOlicb AN Blo Ghakie AR R, Stalngd frozen

sections a no ce g cancer tunor sa Fi gure
36A sHOws zaiseciion 4 hiaﬁta haspaihi ghlopedaentiagen dic bﬂqsrktrrpr@mcbslp(eteﬂbe white

arrow i ndi Fr?sttcedsan]i 1'@ “0%?1\/\#?%1)(:@ ga{;\? 36B shows a section conposed of a
unor ‘ce

m xture of stroma vvlth bl ood vessel s (bI ack

arrow), in tor IIs rrphoctes arrow

al veol us ﬂéd@ﬂ"? e%%btagéct b%f@éﬁafa T8 © ?[“66‘?61]6 f’ﬁsgaa‘f% Oét}*e
i11ustrat %§sa#r b lﬁseslepetcﬁ@f}s Hin® hgﬁér\m@aﬁ%&&ﬁ&@wﬂ tHe @A LEMBhS g pARelshe
expr ession o lelic variants in either L@gaStrl c tunor sarrpl es or

pancr eat i @énd Bl‘r‘i’b@S isdipgs¢ g feapibgity end3plactivity s theasses of hapresent gesttione t unror
sanples #1, 2 and 4 there was a high level of CK and a | ow percent nutation
for the E([]RHO]I‘?MQ\&e HRASGN ARV the ABS vEI6dsHre @il culltddesAn Eo4dB Kalatd fedrhc vari ant .

These results show. that .in sample #1, and 4 of the t cells 30 are
rery to ks on T mErB o M erds ety Adbs Behimap ol Ratsd Bai onpo.

Yet, in sam-oftfinihBpriMemad bibckérglrfbencalbe@dr taK tandiha aliaghthpebi@itd nut at i on
(e.g., 909. for the KRAS G12D nutation. This result shows that nost of the

turmor cel IPEMeR agd pabes With egngequiiveby¥At-o carry the GL3D nutation. Figure 37B

shows that in pancreatic tunor sanple #1 there was a high |level of CK and
a hi gh ped@®hi igueg 320HurREo e usd et thy BINIQASE BPKDssaarof ghetpresearventiedi tat i ng

that mpst Qlndfe phiBitade@r fltshe VhkRh Yol HAL WMidtdMh THbRNFigdkd Bl 11
shows that the standard curve for the PIK3CA E545K allelic variant and the MCF 7 cell line.
It was created using methods described herein. Figure 32B shows amplification curves for
two unknown samples from patients with colorectal cancer (Samples A and B) and the
positive control (MCF 7 cell line) generated using the genotyping assay. Figure 32C shows
25  the amount and the percentage (percent mutation) of the mutant variant ES45K present in the

samples as determined by the calculator.

[0072] Figure 33 illustrates the use of the KRAS G12D assay of the present invention to
quantify the percentage of the mutant variant present in an unknown sample. Figure 33A
shows the amplification plot and the standard curve for the KRAS G12D genotyping assay
30  andthe LS 174T cell line. Figure 33B shows that amplification plots for two unknown
samples from patients with pancreatic cancer (Samples A and B) and a positive control (LS

174T cell line) that were generated using methods of the present invention. Figure 33C
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contrast, in pancreatic tunor sanple #3 there was a high level of CK but a
| ow percent nutation (e.g., 5% for the KRAS GL2D SNP. Few tunor cells of
sanpl e #3wanreldazkelry to 5 carry the GL2D nutation. [ 007 PLTRISQURASRS2
illustrates the sensitivity of the somatic nutation genotypi ng assay of the
present invention (e.g., KRAS Gl2A assay) conpared to Life Technol ogi es’
cast PCRTM 8A il r iLcation curves
For the genorypt AR-aTEAdh S Aoltuhs S BERo IR TR ElEEM B T ates
t he anpl|ﬂMnakmnmnmmbwszﬁgmr16%eeMﬁﬁhndEQQMﬁséaiﬂobastPCRTM Mut ati on
Assays perfornmed on the sane test sanples. Figure 38C shows that assay of
the presenoo7snvenuion ideiacs 6@ uher the RAFRUE7asAT50 vm@t[bntﬁta: isestofs@pl e
contained as few as 250 positive tunor cells. By conparison, a |arger
number  of PRFEIMEBIAISO Gt DU BECYC A5 S SR AT BEPYCB 68 PRgOPf e

Technolkogisgsiple CRizhRGEANhM AE kAP MREEY plol A §Bhddrl MK Efo3thel B4y 750t €s the

sensitivity of the somatic nutation genoty assay of the 15§present
1C

i nvent i on delstign of thqIxSFISgog fa%@agﬂ)l6&ﬁ?ﬂémé-d€ugbre@f‘$éhqvé%thﬁdhwm atilist PCRTM
Mit ati on ARR &¥-an GheHéws sglgﬁie%@a{?ﬂiﬁ Apﬁofﬁ%a{léﬂtmq% Gl &l PfositE test

sanpl es using the genot ypl ng assay of present invention. Figure 39B
shows the camfrﬂl (i ] Atcrld hina dray werefasperited @%l%@ﬁh@h@é thegrreseri Snmvpaiomy Fags ey

Figure 39G, é@f?&&%tﬁ@@ﬁlo % SAYNAS 65%%2§%%51h%§%6%%% mﬁ@%r%ﬁt& Glzs KRAS

allelic varrant 1n as eM/as Ive t e Life 20
TechndlogidetstmigedtsPrIM dldvaerito he 3\2@ ag ochoffodrehove to[tOMSjtivEcguirod 40 shows
the results obtained by using the nethods of the present invention to

det ect (e[qn4]pFq&&ﬂﬁeﬂmma&bﬂ&nmeéﬂﬁmﬁb@ﬂiHEAEhﬁuabémépmgmlmpanmemﬁ
mutation) th i.n.breast ca cer ) | es: CA Eb42K, E545D,
Eoask.  HL O BepResHBEN LB VR RS B ESismle ipe S80S, Giov,
and GL3D; sk tBERAMpIMEAGE pldand Biafdakd guﬁ@foshﬁwmam(m}'ta&lel?d %3@& o84 7R SNP
was expresse di fferent p rcent ages | t he breast cancer | es. [0080]
Figure 41 F%g%&ﬁltlwat FinRaer’ (it gfmph BRI e SRR 45 [7% vere al so
det ectjgd Q—S‘ﬁnlﬂélﬁﬁl frbfatRtedt @418 lungR8hG&E Bitd IpsAlvt 8dhtrol H @80 a&ldiide) eRakeset of
breast cancer sanples. 45 breast cancer sanples were screened for the

Pl K3CA E5£21P€ratE‘5‘2§51§ methods T g RFFICTATEM O SN SGderatcemopod INFigure 42

shows t hatsahpPRo &;&f)%%§1n§m6%§EQ%nb@f§ﬁﬁ%§@alé@e&ec§h‘%§ 0YSing@r MBéHrods of the
present |nvent|on his embodi ment, the presence and percent nutation of

vari ous SKElivgde thegetiByqgontel. i n 25 | ung tunor sanpl es. The SNPs i ncl uded
Pl K3CA E542K, E545D, E545K and H1047R;, EGFR T790M L858R and E746
del eti on; [KMRAE GIRE, 36®hQ‘R$ HEEXBin@R2en GLigys ofx Avk- 51@_113@11 I@t3@nceand QB61H;

and BI%AF QEECEL\I%%?SZ ue}eé A Islllol\x%satslégt ogﬁhatt Has a etrgen%%% ggt'a d from
usi ng the oas O sen rnvent1on on an I ona un'an | ung
t unor sanpblisgthe Wigte SiPs 1mdmltasdlﬁd0r|%blﬁ3CR1g5reBﬁBZSKoWE5%ﬁ)n dbpbkcdaid H1047R;

G120, A s O Ao SR DD SV S e W e SR Bl T o RGOS + awor

sanpl es caallsb(e gSWn@ﬂﬁﬁ@desl,lﬁddmgomtah@dﬂimgfalvTehlﬁs Aneseiit mhdvsagésqpretio det ect
t he presence ?nd percent nutation of various SNPs. The SNPs included Pl K3CA
E542K, E548P)Y)E545K and H1047R, EGFR T790M L858R and E746 10 del eti on;

KRAS G12C GL2R, Gl2S, Gl2D, Gl2A, GL2V, GL3D, and %lH and BRAF
10076] Figure 37 illustrates the relationship between cytokeratin (CK) levels and the

expression of allelic variants in either gastric tumor samples or pancreatic tumor samples.
Figure 37A illustrates that in gastric tumor samples #1, 2 and 4 there was a high level of CK
and a low percent mutation for the EGFR T790M, KRAS G12V, KRAS Q61H, or PIK3CA
E545K allelic variant. These results show that in sample #1, 2 and 4 few of the tumor cells
30  are likely to carry the EGFR T790M, KRAS G12V, KRAS Q61H, or PIK3CA E545K SNPs.
Yet, in sample #5 there was a high level of CK and a high percent mutation (e.g., 90%) for
the KRAS G12D mutation. This result shows that most of the tumor cells in sample #5 are

likely to carry the G13D mutation. Figure 37B shows that in pancreatic tumor sample #1

15



V60OE. In this enbodi nent, each assay was run with 40 ng of sanple (e.g.,
DNA). [0084] Figure 45 shows the results obtained fromusing the nethods of
t he presawd20mver27on Wi th xenograft sanples to detect Ph@/Use@EmfEd2 and
percent nutation of various SNPs. The SNPs included Pl K3CA E542K, E545D,
E545K and H1047R;, EGFR T790M 15 L858R and E746 deI etion; KRAS Gl12C, Gl2R

Gl2S, Gl12 GlL2A and ﬁl{?ﬁ\!: e EG-R E746
del etion v%/él’gwawhl%%lvgog ﬁ%é}frcgg at npre rcte eme |-rl%-$1100% of the
cells in tvhﬂarls,alnqmmmcaﬁlngt}ﬁt iﬁB(ﬁAf Hik G2 callsl a&b hke/kﬁs) cday detredaitnlldanpl es
#581-584 at a 1ger cent at%‘é of nut %t %1 of 3. 40/ 20/ %and 1. 8%

respect | v EPSash By ISGEET RGO BRE TIPS PG lél§ {sy 81t LAERAPCTEEY P K3CA

al l eli ¢ vafitaidhSe gafobfor detm&dlamquuae\wﬁrﬁmﬁdlls(ﬁsgmplepéerameiktelyrmt ation)
in col grectal czﬁggr sanpl es using the nmethods of the present invention.
The SNPBs &Y thy IREERES 42K, E545D, E545K and H1047R. KRAS GL2C, Gl2R
Gl2S, G12D, Gl12A, GlZV and G13D; and BRAF V600E. [ 0086] Figure 47

i 11 ust rat d8077hafigreals illpates isdepitagal Bie Fenats MEioRReBoERAS Feaxitiict ed

25and qua%és&rﬁﬁﬁ@nﬁdﬁ (@gdktKAQﬁ@ 2&%85%8&1?&%1%%@%@1%&&%% Hsfpp@he met hods

of the invention. Figure 48 rates that liver tunmor and col on
tunmor ti sé\@é@tloﬁlr@ﬁﬁtypaﬁlmw@ Wustratesshosrarl tfightiieyess fardlie gseotypingasiad A or

KRAS, BRAFh el h@ﬁ%@']{]girb@ N ﬁfds@ﬁ&ﬁh?%?ﬁ%e&h&l ﬁﬁ%e@ﬁé’r} f%fTe}:ltfh%l gsent

i nventi on. eresuts at SOme o e sa a pluralfity of
SNPs. 180 Ge8BIR P Muttom§ssayd pesforragdem thmmnesmrméesf Fegwr3RG satwvs that t h

pancreat | ssﬁgﬁft%épﬁe tﬁl%elﬁfoh%gtggtg? Iht%r(n%k"?ﬁutﬁ% Wi tlﬁqusqgﬂﬁqlgyci m&&%ca” be

det er mi ned accor sent | nvent
enbodi mentfgw hs Iﬁ@maadé anms pillkaBg csmpq;risels alege umbm dhtraemets ‘fvcmm:edpéti ents

and scr eeneg %C@re%utﬂ%pﬁgﬁgg@%aﬁp gg egﬁsﬁﬁéﬁgﬁ%@{aﬂﬁg herein. In the

pancreatic sanp A&Ywere detected, but
Pl K3CA (e. E542K, . ES45D, 45K, . H1047R), EGFR T790M L858R) and
BRAF (e. g lgm%o@@)ur%%?t bt EW@F@“WH@’ g@ﬁé&‘?@& m@%@ﬁ&enﬁww@m BHON OF
THE | NYENDk&sbht linvieiidnqd UG KRS G O08@kayhaem @b@@tLlféereamhdgidSC@afsﬂP@RT%f an
allele of interest is often conplicated factors including the msprlmng

and ext endMEHIBASs2Yyi Fdghie é%éh%mﬂéq @@@é&tmcer@ phrtBe tegfemplenpyg that i ve

al | el e.  SuekhypisPdskdy &%@&s&eﬁ%\%ﬂﬁwnm@aﬁ P8 BSPEHE aﬁlbyﬁd%&b&&v@tfblc in the
10detection of rare alleles present in a sanple popul ated by an excess of

anot her allfifs(TieehnplpeicarrastPGRen Apsey s Hfehiedi 96 rhows takassaytoh ieprespirtiimicAdonand
ext ensi on 4of. .t NG 1S kKN Alcli€ viahi ANt & 1@@%8%\% 6 A9t &afil@f.0f the

allele of Interest. Wen using PCR base , the discrimnation of a
parti ¢l arTeglinobigiss | qastBCB A wation tssayrsonld nal- t er native al lelic variants
relies on the selective anplification of an allele of interest, while

m nim zi ngO(ﬁ’B] pFewentl shgwd tha mphitf obe@bdddry Lﬂﬁlg(ﬂtd’lﬁdfth(ais|0éﬂlé$)rqsﬁﬁ$te/lehtidnn t he

sanpl e. 0 nunber of factors, have i dentified i al.one or in
conbi nat i g?wg‘g%céFﬁC"n%ﬁ%eﬁce D a?ﬁ‘?ﬁc ﬁ%dé?{cqé‘ﬁmg‘?t% ré‘? R Ry Od&g?cfglfowmg

al | el e- spesPk irchrB{sRcanda sakihpled: oI&dChar &K, Ef&lSDaEEmK M10¢1R; m@ﬂﬁmm greater
ACt val ue ] c n t d cifi

i ot | verotgnead T8 RHET a8 P e seso Bl e B R AR o suen
factong f auididu@ shows that the PIK3CA H1047R SNP was expressed at different percentages in

the breast cancer samples.

[0080] Figure 41 shows that PIK3CA SNPs (E542K, E545D, E545K and H1047R) were

also detected and quantitated (e.g., percent mutation) in an additional set of breast cancer

samples. 45 breast cancer samples were screened for the PIK3CA E542K, E545D, E545K
30 and H1047R allelic variants.

[0081] Figure 42 shows that lung tumor samples can be screened for SNPs using methods
of the present invention. In this embodiment, the presence and percent mutation of various

SNPs were determined in 25 lung tumor samples. The SNPs included PIK3CA E542K,
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20i nprove discrimnation of allelic variants using the present nethods

i nclude, for exanple, the use of one or nore of the followng: (a) tailed
al | el e- spEoOi2bisg2pr2rners; (b) | ow allele-specific prinmer PCOASRORI08t44DN; (C)
allele-specific prinmers designed to have lower Tms; (d) allele -specific
prinmers designed to target discrimnating bases; (e) allele-specific

bl ocker pr n at| f.rom a nd

pot enti al lE?Qﬁ%réejs%%%n%g%{)&Rpﬁ?}%ﬁ%ﬁ@%%é%éﬁ S EE)]% deletlon KR% né‘%jé’%uﬁ

al | el e- sp&di2Bj @120, aRar GpI‘@liéE%CafﬁdBDranaIQ@Heamp[eRAF V@O@El mers designed to
conprise nucleic acid nodifications such as, e.g., nodified bases, nucleic
aci d anal q@us2] amdiuey 43 illb@Ses MRAtdulteobtiiied b udsd the metHdIO6LEE plegent NCT ease
the delta TM bet ween nat ched and m smat ched target seguences. k091] The

above- mentPERED paradfidona &2 bwmay upe Hmon sarler- e SHRBINGAKPGRK3EAn i nf | uence

30 t he sabifsuty, E5f459| Eﬁisﬁ a%B@H'Ofm@ HER Toofi, $58ihipt Rickeic-nee KR S f er ent
alleles present in the present invention rel'ates generally

to novel &ngCi @ﬂ%%tqléﬁ %m@@%ﬂ%ﬂ a@ﬁllqlﬁEeaWVﬁBQ% of the factors

descri bed above to inprove the discrimnation of allelic variants during
PCR, e. g 104831 i Heguecadl shgwAbet gasirigégmor spiDpIoRdan|by sereened uringmpdodsof thehe

present LS n%m‘lq% ?ﬁ&@&ﬁ%&)ré&%ﬁﬁ%d E%‘%&ﬁhﬁ“ hgféalri’élﬁx?e SPE MR IG5 UST Ng

allele-specific rea cker o I gonucl eotide con alnlng a
hexanedi oImchJdedrBHG@Pc 864240 EﬁéSIprEé\étéﬁﬁtand Hé0ARp EGERCAODMNLYTIR 4nd EAitb d- t ype

al | el The o] ously
2-10 ERIA QlSI |1 %Gg%gt%k 8nve |on8\i>£€ tzbﬂgtl?@ scgqlec'flld\r;geﬂgﬁd r obust
detection \CH’OOE Irﬁhgemﬂ)a(ﬂlﬁllentpéachem ivas 1 twithi 40mg.of Asnpde (ean-DNA)I ti ng

exanpl e, the present invention enables the detection of a very | ow copy

nunber muteesy| alrig@tes A Bods the PestdoHRIAED frdnMudngMie hRtHBlioedhd@edeas ound. 1 n
sone i nstances, surrogate sanples for use in the nutation assays descri bed

her ei n i ndGEEON With xeaperaf s1mplesiPdeictitbs PrateBeshnd SeiceimyAtios Rhvartors sues

(e. 9., FNANPCTERe sﬁpglﬁclgaéa@qxscﬁli%&ztlmga) Eszgkdanmmwﬂ@%dmtmﬁw 10[ 0093]
In particul ar aspects, the nutation assa he i nvention are based on an

al l el d5 spéesip AR defetions SRAS 61 €nisold h%% Gl@ﬁeGék% det2Vof1BS, @likal tine
met hod  usi,pg %igﬁ(ﬂ MaR BN ADQ6A@RC e IFR G £748 deeﬁ&ﬁMs%es%ﬁmH A ARaLSR5 38R

al | el e- speci rimer (ASP) containing a sin base nmutation at its
3'-end cammﬂ)eredlls@dtql@lsd@@%qu thalcels ldélteé@mpbhg erbikatiA HI04Renllckerwvap hese

ermbod’ ot sy QG100 AN BLEARLISE LBLAGKS) s MDA EERLAT Yl 0. L e

wild-type sequence can be use ress any non-specific ar’rf)llfl cation
of the wi Irdhptopipelyal | el e. This bl ocker may contain a si ngl e LNA vari ant
situated at the wild-type nucleotide position. In sone instances, the
bl ocken cqmss| S(F%u&: 4eedavnacts eat Kham BRAF@hOBIK3A dlkéic 3ari@Rdat be t@vent any

ext ensl on. n ot.her instances . sent. i nvention further ncl es a
Fever e pAIHRHIEE i e BRI FOR oGS Erar g e R Ay
parti cul aq)rasaﬁmvxénudnherh@lswa neRided PIIONAE 20 RDEF 4508 & 5 hsis end MOT4eRSERASHhE
di scrim nation betwee el es, enabling greater

target al IGLE gb%lqllzél @V%,ﬁ}%&egi%ﬁ/ﬁgdglﬁPCWR&JﬁV@QE| cul ar enbodi nents,

LNA is a nodified base used to increase the specificity of PCR probes and
t he ther maP086t afidura47 ipstigtep FhakBBAS| RRATwEE Piteld/pellslis varaatscaphbiidectid singl e

nucl eoki d . mynat | t 12 h bet ween
The. 32y SrEhRELMATL B AL S L0 RRBELEL LS

[0087] Figure 4% illustrates that liver tumor and colon tumor tissues from patients with
colorectal cancer can be screened for KRAS, BRAF and PIK3CA allelic variants using the
methods of the present invention. The results show that some of the samples had a plurality

of SNPs.

30 [0088] Figure 49 illustrates that samples from patients with pancreatic cancer can be
screened for SNPs and the percent mutation can be determined according to methods of the

present invention. In this embodiment, fine needle aspirate samples were from obtained from
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25 enbodi nents, the allele-specific prinmer and/or bl ocking oligonucleotide
conprises an LNA nodified base at the position of the allelic variant and
1, 2, 3, WO2513/@6027, or nore additional non-consecuti vePCI/USM206K82 guous
LNA nodi fications and/or an LNA nodified base at the 5 -end. [0094]

Accordi ngly, the conpositions and net hods of the present invention

?g\éﬁg_t ?‘g;a Olflﬁi&% ang screenlecel ISJSIP &Fu & %E(‘f)?@nggssa\és dgscn,gelgl here1r(1a i tﬁ%l?aél?re 1S sues
(FNA, CTCsancenyaenphis (an&:yl vaRBREKRAS smugstioed werp detecte dnt Ii’IKB Car(e.gt, IEé4Z=I§S ays of

al o1 o- spodi e s B R e Rtca Pl BT PRRR P e o FHB Brtagh "' 7

chemi stry wefe &aabbaat. i on mnth a novel bl ocking oligonucl eotide design. As
such, the present invention provides mutation analysis with a 10 to 100
fol d hisgher sensitiVvi piEtAf@EpdpESCRIPHIOE OMPHRINSENGTON i n the art such
as the BEAM ng (Beads, Enulsions, Anplification, and Magnetics) assay
(Inostics)s th&tsRdcHPbNs/ ARV reaction (Q agen), and the cast PCR Assay
(Life Technol ogies). In addition, the present invention provides a nmethod

with the d¥I8] ¢ Jhe telessveampldirateeciion alicle ekineroshis ofieh complicaed by BeOBGFR
T790M, - EGHR G AR ARl ekl e AT el BARGLRRINCRAR: G125, E545K
Pl K3CA, and V6 finitions [0095] As used herein, the follow ng
terns haveéltemetivealel. ngshamienrinagiandoextaneinn ol @segp@yél& ipfableanatie hethw se.
01 0098 ASicHRAC BRE Bk sHAG P Tl hhiRiedsich ulas, &l oA E
sequences at the sane si cal a se DNA, suc for
exanpl e, dﬁmmonﬁHBQQM§xenmdnusemesmgAmieﬁﬁebeOé&nOHefdhthmﬁmMmeequences

whi ch diff Bgcheethé’\@e?&tM? &t tﬁgg?elef)ﬁyw ﬁtlelcé@tl Wﬁe%%%1n%9%%ﬂba?% \ﬂ&ﬂ?c{s Ogous

chr omosomes Wit hi n & Si N or ofgani sm ef at the sane
physi cal |decusinatiomuf] atpapicalac ellelle&n(arsamplganmt&nmg (@lterhdtotkiaticlicamiiams fe)ies don sone
i nst ances’the seleatllve%l ¢ 1%'1 ation o Orr ?e{)(% qeres ahlfelnrlll 1n%21rr]1uCI er()tén 1% difference at

a parti cul K|SV 20 Focus hst ances. Van=al Pel'¥ tan correspond
to a nﬂcleﬁmhﬂeu@ﬁbﬁ@h@aﬂﬂemmhmnuhaknmm§Ert|on or deletion. [0097] The term
"allele-specific prinmer"” includes an oligonucl eolide sequence that

hybri di zeg0090] a ASQAULNEE:SORDE Sichgidamifakl €hies aiofc bk e6:85hatcanthnw:eh when
used in PCR can be extended to effectuate first strand cDNA synthesis.

Al | el e- spéeif e aFi s maRE NS Pekirer elldorreafic JoBartidiiloasd %el‘”#“éldé%‘?" a given

target DNAh J:@Gkec AN 60 P e.10e51 0080 008t @Gk dathld 818068.i0f paged i ttle
as one nucl eotide in'the target sequence. Allele-specific prinmers may

conpri se anbakttele! giyeel iciniing ot vVadcporce rgH: variar gerh dpeei Fid porti on,
and/ ohpa irtnglol\ e diL(g'Qi%ﬁiﬁdﬁ‘%? H§ d \«Dﬁzﬁ%‘ a[llmé t@@pr&-s%{nnﬁei ?(J\ u"?t! gi'esﬁ?giaﬁlip@e the

nucl eoti de portion' e- speC| tar get nucl eot | i ncl ude
nucl eot i desopt araet feot‘| fdies; h‘ﬂrlpvang ablteled sdgecidiie privrerbitharlidanpecific

2550l ect i yaly. VDGl g @ be,exispded fram.ane.al | slerblon aram! e, a

m nor or tan PVen ocus & 'excl usi on of e other (for
exanpl e, EheﬁennH@Sp@ﬂ@ﬂﬂ@mnabﬁnkmmmmmhMgMW@euahﬂéiaymékEmméu$EME&Iocus

designed to provent amplification from alternative, and potentially more abundant, allelic
25  variants in a sample; and (1) allcle-specific blocker probes and/or alicle-specific primers

designed to comprise nucleic acid modifications such as, e.g.. modified bases, nucleic acid

analogs, and/or ribose-modified nucleic acids, in order to increase the delta T between

snatched and nusiuaiched tavget sequences,

[0091] The above-mentioned factors, especially when ased in combination, can infhuence
30  the ability of alicle-specitic PCR o discriminate between different allelos present in a sarople.

Thas, the present invention relates generally to novel amphification methods which utilize one

or more of the factors described above to unprove the discrimination of allelic vanants during

PCR, e.g.. by incressing ACE values,
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[0099] The term "target-specific portion" includes the region of an

all el e-specific prinmer that hybridizes to a target pol ynucl eoti de sequence.
in sone ewbadiyeni2g, the targ-et-specific 30portion of wPh&/tskeelosgpeci fic
prinmer is the primng segnent that is conplenmentary to the target sequence
at a primng region 5° of the allelic variant to be detected. The
target-sp portion o he ) i fi v G KLse the
aIIeIe-sp 9Hc nucam’svﬁé %0 f?%%nwmnmg’% ere 7 Fgﬁcéggxfﬁg?E&Af

t ar get - spebérhistty mpoug dllote- stpéc1ﬁ¢1&alaiﬂ1ee]P(éRsvpxﬁcalbﬂookerpmgmlebsdead)haumgato the 3

o - SDgeL LG SRS, RIS AMIELACS RS e, AL,

WI 11, alt hl@l!dgh)ndﬁﬂ& pﬂ@bnthﬁﬂﬁad's Q; adc:ﬁmgammyaz s@DANE@Bick h@he prSseﬁthentlon

conpl e nt r t tar et nuel eptj de se nce to be analyzed. The 5
o RO YRy Mt RGNS GPANE pRRT 5t SuioRy o . 2 or
20-30 nUC|lﬁﬁﬁﬁg’&§m Iérth@Bﬁésé’n@ﬁQ@ntioﬁ ebﬁﬂéﬁ&ﬁd’ﬁetdcﬂoﬂ @frbg\tehy loQbEL hurtie t er ms

"all el e- speC|f|c bFoc pr obe’ "bl ocker" include an

ol i gonuc| ety delfire &dbl Hora f é%> B %hﬂéolf: Bload E%qkawan%flnme HSRPIS g

parti cul arg@pibetor ﬁse‘iﬁ‘fﬁe%’ﬂftati@ﬂ'a@ﬂyd FesértRahO&dinQRcIi bt afEhot BRRESO! Blo&,
conpl enentary strand as that bound by an 10allelic-specific priner, and

reduces orcyPenlasas tispy Ge:rﬁ EXA 611 Corcorippsyalf FAECtif ue, sl X tuges hgFdofint . As
di scussed herein, allele-specific blocker probes generally conprise
modi f il0at i[@9S] éngartlcmr asmetsshﬂﬂu@tlom eaysijob ths enveitgy, arqbdsehoparealiglet  pri mer

ext ensi on gé/le?C Pcﬁf MLEah Eim mbddiBedtt i} RiGRGE hirG ghgﬁﬁ%gﬁéiggga&@ﬁl be

desi gned t annea sane or o posing stra
al | el e- spgecibkitehpelogye rin awmtismbodmnnts CaaralléiespﬂadicfﬁrmtbrMSH) cantbin‘mglai ng,

Thosr & brisledNDPEs ataSih BERGaeRy et i CopSifely Feet 8 Fueb D b
to a wl dmewa?l?dcdgﬁfr?négcgltﬂﬁg o\E,iM@;:mgd?mdealbllbclﬂdgr)(z:omprelrramhry)tlo F}?I‘?@@pe to
R AR S N A A TR R P TR A TS

_(fal. g., I anbckérimdlyl onidira sﬁfgﬂélrllbs(lveﬂirﬁ@lﬁja?d aofélranlgaweai@}esmgpo&usn p]rélb rrerl ljn
| ustrati ve exanp e a el e-specltl| qQcKer (0] es, 0 hot | NCl ude
a | abel §9R3?1mé@n%&ftﬁ%%‘fag@&%%?P“SF%%il?eéé‘&di ghenycal groupp Wb}?ré Ae¥ldeRieVE bel .

[0102] As ahip @dehiRhiNothéMstdnREd e pRABT SraRRer MRRIKSL reBrk Shi¥merQd
"bl ocker nnlety incl ude a nodification on an ollgonucleotlde sequence such
C

as a pr ob&orAlgiedhe sspqtivr Withoetbepnghguidtojapy pateihcens theaxesersiobn LDy a

POl ymepas gyodf i b@@%qm}laa%es MO gRCrREd AR ch Qzﬂhtt?pe%ﬁ&fl;}lu%?me?ers)/enﬁﬁﬂfgence in a
PCR reaction. Exanpl es of Mcker noieties include, but are 25 not limted

to, nodi figater snget slicle ypscifipibord blacking efficagy) 1in pfrtiewer ecmhogmmt@l ebdiite, which
prevent a%dﬁﬁe‘a%la&fusé&% JI@ asé)ﬁl%% echiRit g'anﬁ% ggﬁs s fa tﬂé‘t‘ﬁ o GG got i de

sequence by a pol ymerase, n cul ment s, e non-extendabl e
bI ocker nulpltxesi hNMde@ﬁedmatsmm cdphlrte DmmgbmnucmotldnﬂlsQynmndtrpn,sthtrsby tuted

-C. 4 I | |1
subst i ¢t cigflae uk fodite Bt SERRE, HBs MRGUEG ARl RELERTL Y,
gr ooves530 embndiernt§, I\rh}Bal eleaspeaﬁi: peméﬂ\énill%oiml)ag:kmg aligonycl&mEd: c@@t;semndLNA

nbi nat d
oxi 1 1 ops TREd Rt E R TGy Bt E o 2 bgeaPog o ROSERIAR i ne, 4,
6- di am noﬁwh&whwmdﬂw anticupys ENAahliflcaionk, addbenziodA azwlificdéase aafd DPI 3.

5’-end.

[0094] Accordingly, the compositions and methods of the present invention advantageously
30  enable the detection of very low levels of mutant (somatic) DNA in samples including blood,
plasma, serum, and/or tissues (FNA, CTCs, core biopsy, FFPE tissue, ezc.). In particular, the
assays of the present invention are significant improvements on previously described allelic-
specific PCR mutation detection by virtue of the use of LNA chemistry in combination with a

novel blocking oligonucleotide design. As such, the present invention provides mutation
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[0103] As used herein, the term"nodified base' includes any nodification
of a base or the chemcal |inkage of a base in a nucleic acid that differs
i n structwoeofyanrhat found in a naturally-occurring nkCTAiSeo1a®5Ed42 Such
nodi fications can include changes in the chem cal structures of bases or in
the chem cal |inkage of a base in a nucleic acid, or in the backbone
5structure f .1h i d. See

(2003) ; aEa }13515 W1 ;116 09106 f%fcilh rﬁhe]i\}e{l tl\atngdnzd‘ ?ﬁ:ﬁg%at)e [)%ﬂ%i(n n1nt eera,’rl%tB
"l ocked num:dheis¢heaﬁEW1r@r(Bé¢d§wEmulmohwMpaﬁcdt@ssandﬂv[arguetioe) Gsgims@ngllegues in

whi ch the ribose cked" yl on ting the 2'-0
at om and tsﬁ%rpi?nyé%?ﬁa&l_omaﬁﬁﬁ %lglﬁbeecé'lngém (thtrng %Wﬂ@ﬁleé}ui? eobases (T,
C G A Uddidod tispresamdnkiasepratiie 4 meth@r witles abipig) tbﬁetﬁ@t(b(ﬁé@ieﬁhg to standard
Wat son-.Crick base pair "l ocki.ng" e lecule with
the methy"SREHPIE, Tésucth‘r?g Ef%kﬁs?()&g\re@téﬁayﬁgdwsﬂ delgtion, Egﬁt @%’ ion for
viat son- O ik Dbk RAlisngos[ B43%] PIRBE AL @fd®sdopaAre nucl ei c acid”, "peptidic
nucl eic acid" or "PNA" include a non- naturally occurring and artificially
synt hesi zggl nugbghitioRci d anal og or mmc conprising 15various

natural | y-occurring or non-naturally-occurring nucl eobases attached to a
backbone q@O%Fp@x%tuh&ﬂleN-il( Qh@fmld%ﬁé ¥ihd hlke YK A& 3L bR ribddtl BtbnPYni@E de bonds.
The purine and pyrim dine bases are attached to the uncharged backbone

t hrough mepdsyficdmwéheeisbonyl |inkages. Like with DNA, Watson-Crick base
pairing rules apply to peptide nucleic acids. [0106] The terns "zip nucleic
aci ds"l10or [0@As Asivme] wden, ol igantitkgdtrictiess cé&an‘jﬁtjgaiﬁﬁd swditchecR Qothe saor: a

2:79-85

plurality oni ¢ sper. ; rostaLc
r epUl SI Oné}%\,‘«.ittd?}-@f}i [33¢] ci ‘sﬁ,ﬁiacclﬂlé)?é ‘\]ragglsu thsdt‘s S{(_i L\ail’l'ﬁép 83 ¢] ﬁ}l’ll(%iéé)li% ;ﬁhummfu ILnl ty Of

the ol i goruci! lebt\hﬂﬁirft@I’EMril’herﬂlimt arxgmmdjffpwlﬁﬁmx ﬁhesdmaepim;cﬁt btazole amucl ei ¢

acids", " " "triazole deo i azol e-1i nked

anal oguie OF PBBKYHERACTE bt HHSo P FLBRRT] HeT e L ‘6 gaticl eot | de

corrprl Si ngi 1%1@@mmna;hm@dﬁ;ﬂ%;@@@umaﬂg@r it B.Zi@kﬁ‘lc!nl’mkﬁlgﬁmﬁ, 25[0108]x Ahe terns
u-L-t hreose nucleic acid", "threose nucl gﬁld" or "TNA" i ncl ude

a nonzléat GPRFVFEEEE it F RS AERTOEE S SR Ao S d8VEY B EffifF i niedt¥ gati ons of
nucl ei ¢ aGh@sicdhat :iRReYn VALSPARGS b akciDASE rPRIT dNELiib 86 cand akgeheund to

al ternative sugar-phosphat e backbones (see, e.g., lchida et al., Nucleic
Aci ds Res. 0093? Tﬁzge%n5g?g?e (;%095)0)1;316 %%ud%@gﬁ“lﬁg‘glgﬁ%Be %‘uém@'}@a atom short er
t han natural nucl ei ¢ acids, yet they can base pair w th DNA, RNA, and

i tsel f Whibberdhor variage p@l}b’énbomwﬂ‘ibyf atypat t&ihél«}ha}i »‘athhfe@w;i in ?{tRF@ el i eved

that TNA hr@ﬁ%g't?eﬁ LLonglay, Ji%:\PNAtQDQ RVEN.IDLE. S &%X el RNA
because T'\%\ s Ckg &I% m éj m¥\4 c;rt’m (0] w \05( ﬂ; Pé%e IQI’]CI' eased
st abi 120ty p@rftigmNAaiENmf g given farget DNA or loct and can be dosigned to detect g differonce of as

Hitle as one nucleotide 1o the larget sequence. Allele-specific primers may comprise an

allcle-specific nucleotide portion, 8 target-specific portion, and/or a tail,

[0098] As used herein, the terros “allele-specific nuclestide portion” or “allele-specific
target nmucleotide” inelude a nuclentide or nucicotides in an sllele-specific primner that can

25  selectively hybridize and be extended from one allele (for example, a minor or mutant allele)
at & given locas to the exclusion of the other (for example, the corresponding major or wild-

type allele) at the same ocus,

[0099] The term “target-specific portion” inchides the region of an aliele-specific primer

that hybridizes (o a target polynuclectide sequence. In some embodiments, the target-specitic
30 portion of the allele-specific primer is the privaing sogment that s complementary 1o the

target sequence at a prindog region & of the allchc variant 1o be detected. The target-specific

portion of the allele-specific primer may comprise the aligle-specific mucleotide portion. In
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dupl exes conpared to anal ogous DNA- DNA conpl exes results in inproved

m smat ch discrimnation of allelic variants. [0109] As used herein, the
-term "devechwrozpi20be” i ncludes any of a variety of sigmalriusgomwbegll es

i ndicative of anplification. For exanple, SYBR(r) Green and ot her

DNA- bi ndi ng 5dyes are detector probes Sone detect or probes can be
E?gggp;e ?glvr m\t(mc‘::c Qhe %lg é)]‘:fé,iflc gui il )1} B}\ the 4 al‘er i%p(i)iai"fllc é‘bﬁ !%fcl;:\fmli %Legi {))ggdt‘ g; e knOVVn
in the armlaadpkn&hudEMpk@mﬁumre not Ilnited 10pr obes descrlbed herein (see
al so, U S. Patent No. 5,538,848), various stem|oop nol ecul ar beacons (see,
e, g., U S|offa] ent NaSicr®s, BO3 kO aNd:r 5°925, ibdidde Ry agi-3 ehd af a pribat lﬂlﬁ

Bi ot ech. 1996, 14:303-308) 10 stem ess or |inear beacons (see, PCT
Publ i cati 6T NPy gelY %ﬁlggéat SrpRI PRI SRR BEFRER% ey este@mv@ammw S.

Pat ent sNOS; 110 1322 A’Zfll;lle ARde 829309 e ankiy DRAITHPMAREACANS:y (3 8%t €30, 3-

Kubi sta et al . 3 SPI E 4264: 53- 58% non- FRET probes (see, e.g uU. S
Pat ent No.5 65158, ‘o@%) -1 Seifhrd S 8)F ArpiioP Pirdto g roBedly (ates 1o Betyecn, v 1gietiPat ent
No. 6,548, 250), stem | oop and dupl ex Scorpion T' probes (see, e.g. Solinas
et al., 200W1] NI&t erpeidsicResfic BocEOBYL Yr SlodBPabERTorNbiocEy 580u743) ,

bul ge | oop_pr: P; ) knot pi
he (see, 1-1 RIS J?%sig(?ﬁg%?%i%?\%'\%at 'bjgé%g’g{%%g) of B i’g@ élg?rggﬁtgﬁgg '2 é)ﬁmu[? 5 eing

Pat ent No ‘vﬁgiuaﬁshibﬁz&) iocmnEbat $apsfefmidomcabeulé’lﬁpm@hiﬁl so8@i @nmsg»q11dha|dnp| n

lpr gﬁteslgésprﬁgﬁ Sé\ ufuei)tjfliiiéi‘ dﬁa}nﬁipﬁéa&’ tht‘é}!f Vbilfw tli"{ig\lg ci’ti?ipbfpi Yt pd‘(‘iiéjui 1§ cl f F ‘%!élghl()gl fsf\-ezj
probes as ﬁdemmasb\em,mfa oﬂhie;egafmﬂuﬁq ofkBr fdoes Padr ﬁhfcwmriba&;a%&&@m «20W0hi anga

et al,, 2 Ol” t 25:463-471; Wi t ure

B oreshnaties (5 b6 BESR B AT ' SEEESAT et apiderte BRisbe

14:321- 328;,#@&814;&}?&@1&!@1&%@5& ah e 20004 whAnabal Bl @6 hﬁxﬁﬂ or L@S&,HLOZ‘@"&!&B&{ Wbk ‘fhfsS et

al ., 2001, BIoteéh ues, 766: 769-771 : g aL, 2002, Nucleic Acids
Resear ch, *“BOCADO8ICA1EY ¥Rycea & 47 cat bﬂamffdfw B9 ar %:iri" BROUAK Bst ReSear ch,

30: 4088- 4@%“@%@%&@%&1‘2@)@2E?Sh]’atasﬁhhﬂdl,un34f 3)295@&%“ Mok e @bsidded, 2002"/ .
Am Chem 25Soc. 124: 9606-9612: Broude et al., 2002, Trends Bi otechnol .

20: 249- 56 U IHARGCEL 2afe iehEphPd ichawi Ras 2Tk & ofPundapbaliclig garet) A AY vy

etal ., ZOQ(J-mpfﬂu d{)l@ﬁ’iﬂﬁ (§QF m}dlﬂ’pél-;]ﬂ"ﬁ, ‘.Qiﬂsz@é mQQ%@Q& 'Q’EMQE Qp&%urq%n
conprise reporter es such for exa car boxyfl uorescein (6- EAM

or tetrachkkored |ou@r1@gies§ i f(mlem)ﬁrﬂwfe@vwf f}%ﬂﬁbbeg eErpliglie prrgetpr rsiendencher

Moi et i es %?%haiﬁ:ﬁ xi‘v@tlﬁ@ ﬁq ylik iedam.ne. (] nrﬁﬁ(P A (AIQF ack; iﬁ@i&k@é@&lﬁbqaﬁm

(Bi osearch 30(DT), Q8Y quenc ecul ar Pro nd Dabsyl
and Dd@cehméukﬁdﬁateW&m%béMykaﬁetGﬁem@h@rgi@ﬁp@@@ﬁﬁﬁ@@éﬂ@hces) In sone
enbodi nents, detector probes can conprise two probes, wherein for exanple a
fluor is Qmunhe*pm&ﬂéw&andmam@uemmheﬁmkmbbmkth&n@&hgrmpbbbexnmhﬁféin

hybrldlzatl n, of t es»t her on a rget.quenches th i gnal,

o P bar ot A e o B L e SRR Rl b AP B NS WPt BRR L%

ghange in ﬁddu? Iitf&fi@@ﬁlﬁ@of eﬁ@:ﬁ%@ﬁ oY a p@iﬁ abes: ¢anxahse, v?&ﬁﬁﬁ rsRzcg U ft?nat e
erivatives o uor escei n wth SO inste of the carpgxyl ate group,

phosphor ant PR Ry pERGRC dcy??i‘si(i&“ri” E?ﬁ’é‘%ig “‘d?ef gﬁ’ﬁ%ﬁl {Eigig %Pg? %

0. 1nelxssham Bhosab Qﬂ&ﬁﬁm@ﬁﬂﬂ&@ dhear 8)s 3 [OA 10k Thedermds] osuspspegi fic
prinmer” includes an oligonucleotide sequence that Shy brldlzes to products

derived from The! BRPEHEDK 10 > 20 € ‘ﬁbw"%%”%%&ﬁwa‘sc i B EEs feci fi ¢
particular embodiments, the non-extendable blocker moiety meludes, without limitation, an
optionally substituted C-Coy alkyt diol (e.g., 2 37 -bexanediol modification), an optionally
substituted C-Cos alkenyl diol, an optionally substinsted Co-Chy alkynyl diod, 2 moinor groove
30  binder {MGR), an amine {NH,), bictin, PEG, POy, snd combinations thereof. Examples of
MGB's include CO1065 analogs, texitropsins, distamvein, netropsin, berentl, duocarmycin,

pentamidine, 4, 6-diamino-2-phenyiindole and pyrrolol2 - l[L4 henzodiazepines, and DPL,
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primer) in a PCB. reaction, and which can effectuate second strand cONA
synthesis of the product. Accordingly, in sone enbodi nents, the

al | el e- spEOI2bisg2pr27nmer serves as a forward PCR priner amdTiuse012/051442

| ocus-specific priner serves as a reverse PCR priner, or vice versa. In
sone preferred enbodi nents; |ocus-specific pri rrers are present at a higher
ﬁgpg?m rat bﬂ)?basx\,]iig%r e eai‘lfl 2\1 t:[ﬂ%l Lﬂti]iehlaﬁdtba%? r%?: é%ﬁyam 'Eh{,“?m ui % yﬁﬁ%({%% téz'g‘tsl gzed

pr esent aE}laﬁiai}@M®’1‘7Q|<)@\léﬁﬁtIl!lﬂd, am$ﬁ¢’rph®&aa&hﬁamnaﬂﬁsdmhﬂirm al ﬁ,ﬁmhﬂ!td ve aI lelic

vari ant. The rare al.l el i ar t .al so be r rred to as a"mn

R ens et aRtper bRt ot RN ER B AT e R e L ar e
al l eli ¢ vatriants (ﬂf&%b{b@l‘ foatinch-aticahifigguenieye ln&&ﬁmlch:aimdabﬂu&hdlﬁiﬁbl@c 1/ 100,
1/ 1, 00 1/ 10, 008 00 Q00,. 1/1, 000, 000, OOQ %OQ"’?%’% 00,.00Q, 000, or
1/ 1. 008, 008 BH6 %t b @W ot het 8t €19 Tar Vant” Por &V VERTSNP or

gene. AIt@rnamqmem}é,,,at,hﬁvr@ga allelic vari ant can be, e.g,, less than about
234567891015202550751002505007501000

2,500, 5, 7 TﬁQ Q:rm%“lQGI%Q ggc@@ a&glw@r @@JAGQQOIche% @QQ of rilugf&coegﬁi anggguegoo

500 000, 0 copies per 1, 0, 1, mcro liters
of a 20s anlpwblcbﬁhealhOéear@tg i rloghstiea netyeny brld@ Ctb@temmgatb@n%d@ﬁtorramdéh@ C

variant” inelyeles: AALALERKIRANDNAGOAR BEESEN (Fle I ahera hevely in a

sanpl e as conpared to an ternative a ellc varlani he abun t allelic
vari a0 maye ablesto fiye lraed pairs@dcordng stantardjVeatsoat(rekibesevpairingmules. ahayoer, a

"vm'ld-typ a Ko I riant may
B e i 1 A T
100, 000X, camfaﬁﬁmmﬂmwaxmmﬁx;mmg. 100, 000, 000X, or 1, 000, 000, 000X conpar ed
to another allelic variant for a given SNP or gene. Al ternativel y, the

abundant qoios] [ qhywmmamepmubglc afcmr’ ‘@x@miﬂ fucle@y Rar’ef “Planinghdet nén- 3, 4,
5 6, 7, ,9,110182%62,l 10“8?52 00 750, 1,000, 2,500,
5,000, 7, 58y ecoHine ¥4 gty lséwabf@lze%u pac mwm@wowamn@oo 000,

750, 008, Ya08f m@ﬁfbll‘}%étﬁﬁng)&* noh-nafliehlly 1Burridg MRRoFAEY Stadiidith @b@ckﬁf)neaofs arrpl €
or a reaction vol une. In certain enbodi nents, the terns "first' and

"second" a&sRSAt{Et (3 @nﬂlpgtbylkrgw@ﬁu@lﬁém&%%oﬁ@ﬁﬁ gorgle. %hq pyrige apdpwrinidiic (e. g. |

"f' rst” bﬁ&@&ﬁe'a%bhe@to"tﬁé ﬁ1§ctharg@d ﬂ)&kﬁot@@lﬁ@ﬂl i rﬁet]i’;rléﬂ@‘c"a%oﬁ‘;ﬂ%nﬁag%?cﬁﬁg reaction
(e ;" a "second" reaction; a "second el e-'specific primer). By

conventl orvith DA, Watser-Crigglase Bﬁﬂ@grﬁlllqsfdplég tQanpilﬁﬁSIEUC( igcidsxanpl e; a rare)
allelic variant and the second reaction anplifies a second (for exanple, an
abundant) [@106| iTbe teams ézmmmleimori:@”ve‘t‘@éAs”[im:lllc%]oligsnmbetﬂddseorefhgatedbrqjtm "first

alleli % Var' nt 1u1a E% of%aﬁ 1c 58 rlrrln?elrln 'g.nesrtfla%ﬁécr?a%g &e&r%'étta (hliep%l 10€sne‘?h es of a

gi ven Iocus case in
human 5sanphe mu(lelc geid stl:asnldk 81)d mcrﬁm;le |th}:| afifyni df d&etcylgemmleloedlas gor tsa@nergofs. whi ch

h b t f W t, th
ir et ana 10000 g Py RES R RafiRlocfr GFETAS R g B ane "

or gani sns “THONAEXafgbR,linkfParkiogsd of&ieb@rﬁoﬁlﬁ:ﬂm&)z&lc&mraTLBNﬁ”Qﬁchﬁ;legﬁnet ically
nodi fi ed ogganl sm . and the second | el e can.be }hln correspondi ng all el e of

a wild-typ ‘B‘ru@]éﬂtl‘@rﬁomPHSIE%?P%ﬂ PRORrARY OGTRERE ARICANKEL and second al lelic

variants can be contai ned on o o
25 [0108] The terms “(3'-2") a-L-threose nucleic acid”, “threose nucleic acid” or “TNA”

include a non-naturally occurring nucleic acid discovered during investigations of nucleic
acids that obey Watson-Crick base-pairing rules and are bound to alternative sugar-phosphate
backbones (see, e.g., Ichida et al., Nucleic Acids Res., 33: 5219-5225 (2005)). TNAs have a
repeat unit one atom shorter than natural nucleic acids, yet they can base pair with DNA,

30 RNA, and itself. While not wanting to be bound by a particular theory, it is believed that
TNA hybridizes strongly with DNA and even more strongly with RNA because TNA is a
good mimic of the A-form of DNA and of RNA. The increased stability of TNA-DNA
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10 gDNA, as well as nRNA and cDNA, and generally any target nucleic acids
that exhibit sequence variability due to, e.g., SNP or nucl eotide(s)

i nsertiorwandionewe! eti on nmutations. [0115] The terns "PhEruses2abl4e? or

"t hernost abl e pol ynmerase” include an enzyne that is heat stable or heat
resi stant and catal yzes pol yneri zati on of deoxyri bonucl eotides to form
primer extension prod t hat LAY L0 180G ei c acid strand.
Ther nost ai B SRAPES! 51l b3S cALEPPTRURTRE B o PYEUEMGr F

i nacti vat eld;cmnmatmudzfjaﬂemce@rmms.el evated tenperatures for the ti rre necessary
to effect destabilization of single-stranded nucleic acids or denaturation
of doubl e{etoopnded:aUGctet ehagindsictitcr PELHPGadiRs daﬂpﬂiu 1§@tdi ORnailagr eversi bl e
denaturation of the enzynme refers to substantial |oss of enzyne activit

Pr ef er abl Y i“e%“&“ﬁéﬁf?ﬁ%&‘dﬁﬁ@“‘bﬁ%“ﬁ%l Yrrerageon 1 EFR n%jfw%i PR BT é?\bwméé%rat ur Z at

about 90- 100G undEkor 2000008 ok ORG:cBY BRLAS ah Se bARECRILE AT BAMIFeda for  PCP.
arrpllflcatlon [0116] As used herein, the ternms "PCR a ampl i fying" or "PCR

anpl i fi catFei | HEPuTETIEy P Piief rﬁdwhérraéémﬁecﬁ SreeieeRpoe ftdiars detectos

anmpl i fi cati.@n. of LRUC! 8k Aclds.enml Qa}f"aﬂ\gaopfj}ngenf &, thatahyhsldize 1&9
conpl ementary strands, as described, for exanple, in Innis et al PC7R

Pr ot ocol s hemiGradesa b VBEROdS. Arids. APDI TeEiatd os 1o ReaidHE DPresy gc(e1<990)
Devi ces have woheen dawelaped 4b; tnﬁ%qperfLPr%&@?ml 19‘%9';?; g F@aCt i ons

with conpositions containing, fl I“Uor escent i ndicators whic '€ to enit
a |igho beamiof caliwpasikfite bonave BAGE icaipadict BE PAE Bigd Py ook zéai

f1 uor escent e @nd. g1 oBl gy e, | at enel Ly, Bl buiorsagence, alter sach

cycle. Devices conprisin ycler memtte
fl uorescentg., 341@&&4 adéti@ﬁl OFFIE ha\ﬁeﬁlmémcd@tw ;breﬁd;s (ec.s, UB. E&m Pat ent - Nos.

5, 928, 907, 1 6,174.670, and 306, 8 a g t _are not
i mted 16 pRE e L aRblS R bR e done e ratr ah oS el tsubtirag
Bi osyst emsmd Fassetcofidayy pEhps (skheg oABb 1aas eng Angair )wB?@QmSefquemeeé Betection

SARALISA: S R Skt PRI ar IEPIARG et Sl S e s

Det ect i on predystseame (gApzp‘l; lf@@nﬁk@gyﬁ@aﬂs‘ cg,dl;h@u&@&@lefﬂ\ﬂ Real: 20l ez POR) Syst em
(Applied Bio { and e _ABI GeneAnpr 7900 Sequence Detection Syst em
(Appl i ed B %@i«é £ 1*‘”‘[’%‘@?‘] ﬁiﬁﬁv“t“é?%‘d‘%lﬁé’“é’nﬁ"f(f Féatt-on 8 N pre- anpl i fy"

i ncl ude a gpreaessSyWILE Bldhidudl unaliidw-of pBbd NRIr.Ratd-Sdahfopuneiugded i n a.
mul ti pl exed PCR arrpllfl cation reaction, and the 5nultipl exed anplification

reaction GRYBIGEwS aodiaine %ﬁu%ﬁbfé"rheéfi%wn% g4 waﬁﬁfmf e PER-“Y%ased

pre-ampl i RinGALLON, " 08¢t M GNAS.4RE 10T, WRid.he. PCR phat %Hnﬁzﬂg/e@fz of eagent
depl eti on. The term " PCR- based pre-anplification® can be considered to

i ndi cat e t!Rap éi?ﬁéwmiawz afPll Hokarivone/f Baded. dh3T s3I Bubsetientl y20p@r f or ned,
typically f?ﬂ?g,‘éf?‘%% plexy, qe\(\ejﬁf{ ?' Idae BGLhased. 9{»(@ ATpY fl*aS@r’k!»Qf}' al.,
reaction. This secondary a i cation reaction, typ |cal 'y a
20082, Nucleic Acids Re seum& 33:4208-4215; Riceells er gl | 2002, Nucleic Acidy Research,
3nA0RR-4093; Zhang o ol 2002 Shanghai, 34:329-332; Maxwell er af., 2002, J Am. Chem,
25 Soc., 124:9606-9612; Broude ef al, 2002, Trends Bivtechnol., 20:24%-56; Huang ef af., 20072,
Chem Res. Tocicel, 151 18-126:and Yu er gl 2001, 7 dm. Chem. oo, 14:11155-11161.
Detector probes can comprise reporter dyes sach as, for example, 6-carboxyihiorescein (6-
FAM) or tetrachloroflucrescin {TET). Detector probes can also conprise quencher moietios
such as fetramethyirhodamine {TAMRA), Black Hole Quenchers {Biosecarch), lowa Black
30 (D), 38Y quencher (Molecular Probes), and Dabsyl and Dabeel sulfonate/carbonviate
Cruenchers (Bpoch Biosciences). In some emboduments, detector probes can comprise bwo
probes, wherein for example a tluor 18 on one probe, and 3 guencher s on the other probe,
wherein hybridization of the fwo probes together on 3 target quenches the signsl, or wherein

hybridization on a target altors the signal sigoature via a change n fluorescence. Detector
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10plurality of separate secondary anplification reactions, can enpl oy
primer pairs encoded by the priners used in the multipl exed PCR-based

pr e- anpl iwpeatyw@m2react i on. However, each secondary anplpCTiusatizoni4aracti on
typically conprises a single or a few priner pairs. Further exanples of
PCR- based pre-anplification approaches can be found, for exanple, in US.
(Fj)?tsglnfjstjr\%i ohed e%a%o com msefgﬁ%nraéel dnerrf‘%gfgxr utaitlu ;?erl((:jel}rlgd e:l;QA nz%r%g)n éié(’?‘i‘id UP rﬁie

entrretresa%opdatgamyanQe&an@B&I&hmAsﬂu&ed,heﬂenﬁyxaméﬁ¢Ewmsurﬂm5 or
"mel ting nmp re". onucl eotide include the tenperature (in
degr ees cé?gkﬁé‘GEP“Vﬁréh%%&%ﬁEg<t%e nol ecul es in a popul ation of a

si ngl e- stranded ol i gonucl eotide are hybrjdized to their conplementary

sequence ahdY0d6 BTt hecitolrectr 857Fn lt\r%réivbabmca‘rr@éw%eqr»ret Hybri di zed to

sai d cgnphesmptanypSeauenseed Jhe 120 The®fs Ao i IR (Qk: R obg.¢ ngeobﬁ’c
determned enpirically by nmeans of a nelting curve. |In sonic enbodi nents,

the Tin ca&fvélsbeBeResictim-abe gl FHgForAur e Merd KRG aterecdit (See,

Mani ati s ?Jiod%!:t 1ACM;N:E§1%HI| Blsobh Qﬁltb&gmot?ts t@@ﬂfo@t@EMf 4 YA cer 0k, SRY4MQ Har bor
Laboratory, rrna@ Har bor 9] As used herein, the
€s

term sené’@ﬁ mrn@@y ajuhef bn“ne"m@rimv caﬁmmcrefnh%ernmr, PHeopirEs or nass)
of a tenplate, é&f%?zcd%%l} e et 9%@ cﬁ% n%';«vﬁﬂ?;%e%?é{m1LQ$?8]naé§mH§;%l hﬁre' n,

the term "speti rty" inc es t |ty of an assay to distinguis

bet wedfl anpmmﬁrﬁaﬁh@ﬁC$ronmﬁunnmohed tenplate versus a m smatched tenpl ate.
Frequently, specificity is expressed as AC, =. An inprovenent in specificity
or "speci fioaijy Aibmpafddwaﬁﬁemitt rcm “shfeabicivdisfiber entgls 4 ?S]‘J@‘D(}Flﬁ}eﬁ@kdtkh’er ein as
30Ac1_F. ondi . ioné ). % term' sglectrvrt% 19@ udes the extent to
whi ch”an ASPERGEEAY" EHH | S %la” BEFEES AT RS S FER MICARTS al 1 el es
in mxturesgei w@hautmryratqerbte@ﬁames af £ OMnDBSiRN: (;ofat;ertntmd getype)aiigid el es.
Selectivity . is often expressed as a rati o or ercenta For. exanpl e, an
assay that"*Csh ‘det e fitaRe s TERprat g e (had prieSenee o 160 “hit' d- type

t enpl ates i, said hudbaves aos elieshby it noofond 1AM % by sed dJerein,
assay selectrvrtxpcan al so be calculated as 1/2Ac'_or as a percentage usi ng

(1/2. Ac' ¥/ HBHHPIULE opprarido poipr s iglic vgrient & agaTsie™ ! HErtd &5 T HE VHhr eshol d

cycl e and ggl gaiaiikeS.408 &Y 6d & Of watéﬁ’%&‘gn@ow i, Iﬁcaw onassay, dsnsuhich
signal froma reporter that is |nd|cat|ve of n&arcon generation (e.

g.
fIuoresceﬁ@%?‘ﬁfﬁ@t“ﬁeé@%bs‘H%ﬁegﬁabﬁ%}a%ﬁﬁe7é ERGFOUREoT.epBIPI0. n some
erbodl MentSo obiSod MESHOh, GY LS @B ¢ 8% ﬁé}tﬂﬁ&)’%?ow&&% i@k Jpi ch PCR

anplrfrcatron econes exponenti al, used herein e ferm "del ta
" or20" AGtirie nct uddsntvh eM@rfference in the 10 nunerical cycle nunber at
whi ch the signal passes the fixed threshold between two different

[0112] The term “abundant allelic variant” inchsdes a target polynucleotide present at a

higher level in a sample as compared to an alternative allelic variant. The abundant allelic
variant may also be referred to as a “major allelic variant” and/or a “wild-type allelic
variant.” For instance, the abundant allelic variant may be found at a frequency greater than
25  about 10X, 100X, 1,000X, 10,000X, 100,000X, 1,000,000X, 10,000,000X, 100,000,000X, or

1,000,000,000X compared to another allelic variant for a given SNP or gene. Alternatively,
the abundant allelic variant can be, for example, greater than about 2, 3, 4, 5,6, 7, 8, 9, 10,
15, 20, 25, 50, 75, 100, 250, 500, 750, 1,000, 2,500, 5,000, 7,500, 10,000, 25,000, 50,000,
75,000, 100,000, 250,000, 500,000, 750,000, 1,000,000 copies per 1, 10, 100, 1,000 micro

30  liters of a sample or a reaction volume.

[0113] in certain embodiments, the torms “first” and “second” are used o distinguish the
components of a first reaction {2z, a “first” reaction; a “first” allele-specific primery and 2

second reaction (e.g., 8 “second” reaction; a “second” allele-specific primer). By convention,
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sanpl es or reactions. In sone enbodi nents, delta C is the difference in
nuneri cal cycle nunber at which exponential anplification is reached

bet ween twO 2di3fi2en2ent sanpl es or reactions. In sone enb®dirseM/05t4he del t a
Ct can be used to identify the specificity between a nmatched prinmer to the
correspondi ng target nucleic acid sequence and a m smatched prinmer 15to the
Zﬁb”g dfﬁ; {] . gepf?r”td;tl‘c 02%51&%%\9 r««t?ﬁlo%:%&%{a) S?a SIS \]3Liai:1|161é1%i 6%/1Ieee~,ﬁc mg?t:actmnt ched
pri mer andn@1ﬁnhehemdmnnnemq1,ams@ddas)ﬂmeemeasumemmha&me di scrim nating
power of allele -specific PC.*;R . In general, any factor which increases
the diffenenap betweentheoft ﬁ\ﬁahﬁtﬁ;ef‘ @ﬁarﬁnmﬁn’@éebﬁé gatik onineask beniusi ng a
priner that is matched tqQ a target sequence a sequence 20conpri sing
an al | el i ¢'¥ar a8 Thterdst Yrantevhat of '“%fmp% §h‘§tcéh'é‘dﬂlbl?‘i“i°r€‘rhwdlﬂ

resul t si ngread @ abkebanfisar iRt LigMsPOWRIof o[k 20 - AGE oo hiQuvar i ous
embodi nents, a G val ue may be determ ned u5|ng a derivative of a PCR
curve. Fordxaipiresion fippaps mseeshds BF wihcopdalciderivat e ordickod may be
peffOr”Edﬁ%ﬂrﬁﬁPQBaﬁM£Mﬁm'@09&%%5 t@g@%kgmﬁl@ﬁfﬁi§% qa&uewnhﬂqgerlous
enbodi ments, a 25characteristic of a derivative may be used in the

det er mi natiiicsforgnem. vl lescesukhickvar be the cistshesityiciond b udid;tyisut are not
limted t(?wa 1««9105[;'1 I:éﬁfign Qgﬂe@ ta} Otk Ed @eLgf‘?&ﬁ[}gc gﬁfan%%t# NE un@m@ggrﬂt ive
inflection of a secon derlvé tive, a. zero crossing o %e second
derlvdﬂlvefvbkaanesﬂmR%écmﬁkﬁeh%wmm wmmavﬁmwemud@nhwaeuwéunﬁﬁuebne

embodi ment, aﬁe]?(\ﬁ }mkij_faip m ey ongg%E’i cri]go%g%ﬁl{ggggnam& h{ &%gi%l %%ut%@?n d

basel i ni ng aﬁpfe an exponen 30 phase

Dhsal | ne JONSE TRYcRf: &ﬁ't‘iafﬁ%ﬂ?@%‘e%e%% T A A tgﬁt hov%m%bund to

an exponenti:al:bphase 6hisanPGR cerrve. pobham:i:he Oﬂﬂsﬂ&ﬁiiﬁfﬂﬂﬁﬂjﬁv&@{ meuﬁd of a
PCR curve, a threshold valqﬁ may be establlshgﬁ' g1 value is
det er mi ned e REPSIBEREHES fat &F h%i“?éieifiefi*i‘ﬁv Hat e ‘“*@E‘dvgﬁ %‘Wﬁ&/\n in the

art, fiar exanphb@mehits uRah! ot LiedotiBeverasih QUSHeRai ARt S+ to @cwta pOI nt
nethod and -various enbodi nents of a signoidal nethod. Sec, ) T.J.S.

Pat ent NodS™iBTBES; BOBC HEic5usFpic %fcveewt@eawl?n b BIDBT A el | cat i on
No. 2004/Q@Q@ﬁé&nm&h?&ﬂb&ﬁm9§MﬁQ§g9£cMﬂhghuﬁﬁﬁﬁ$ﬁﬁﬁhR¢&ﬂﬁQﬁ9 ughed by
reference in their entireties for al purposes 5[0126] The term "sanple"
as used hép@H Ml Hifes fawfﬁﬁifbﬂoog%erw Speeil Wﬁmmw%eéﬂeﬁw@ﬁ@ patient.
Sanpl es i pgl) Hg«%bié"i}if\]%y%dré’é‘&@ﬂ 1&@Hem%i‘edtl{ag9dm aB&ﬁ%HHFOOW 4m, red blood
cells, white s (e.g., peripheral b nononucl ear cel | | s), ducta
IayagéOfI@p@@mnvp@m@*a@pﬁﬁﬁbe?@ﬁwﬁﬁmWKEi@mﬁﬁdwsgenlnated tunor cells of the
| ynph node), bone nmarrow aspirate, ascites, pleural efflux, saliva, urine,
stool (i. ¢0116I e@e&),ediemintmtrme:inrcoﬁcﬁimp ik,&ygage"?([ﬁliaﬂhplih@abs iﬁdiﬁiﬂd ne needl e
aspirate (F F % harve?ted b? qq eri ol araflne need

aspirati or*r}C §ri{’ YR HOdIT y R H B ﬁ‘“é‘& ot 8- R e H‘B‘?‘“Pu ssue)
such asI a i ﬁﬁ&wmgfm Sorhpl Bt {r@ s@nds, meeﬂ;ketdlm P S¥np0f, Alinhy rmlﬂ roge (e. ﬁ
sentine node $Y)...8 Llssue sample (e.g., nor_tissue) such as a
surgi cal r%%‘??ﬁ é‘n@%f“"éf %/i%*(iflr*,wiﬁaf’ é“é‘i‘ﬂ’iﬁrg?adééétﬁr&%%‘éf%%%r%%fc‘ﬁf ﬁﬁ‘zé‘orre
embodizeNnt;Sen Meog&iﬂrmlrem ﬁri@ﬁ@|£EQ:1*EQMQQQnﬁfrru@u&&aﬁm QRgl:iBORRARERAL:t her eof
such as plasm, 15seru or a cell pellet. In other enbodinents, the sanple

i s obtai nd@® wviﬂsiaihaffr*ﬁg» r“é‘tﬁl”é% ‘i*‘r?@"”c‘e‘H EbG o ds~8wéfc&‘vmm¥“$fiﬁdﬁ%%b| e

bl ood or axeeld utar iiﬁ&i@%LﬁtQﬁc ih@ne{a;fay H}%hﬂgm%méi hechRbauenknown-in the art.
In yet other enbodinments, the sanple is a formalin fixed paraffin enbedded

(FFPE) t UPST Io85 “s%%‘*’é‘é#ﬁl‘»émﬂé‘“gk‘ flrié*ﬁ*’i‘%t‘@élﬁi d0f aippresconSEIREtThe ter m
Houbj ect” ol paabdeten oL, Hindl M guals stypbesldskneldidas hupns, but can

20al so include other anifals such as, e.g., oth er prinmates, rodents,
cani nd§, faliftHés sndegeibdrelyt are not limited 1o, the ABL Prism” 7700 Sequcnu Dretection

System (Applied Biosystems, Foster City, CA), the ABI GeneAmp® ST Sequence
Drstection Svysters (Applied Biosystems), the AR GeneAmp” 7300 Sequence Detoction

Gystem (Applied Biosystoms ), the ABI GencAmp” 7500 Scquence Detection Systern
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oyi nes, porcines, and the like. I111.Description of the Enbodi nents [0128]
In one aspect, the present invention provides conpositions for use in

i denti fyiwg 2amdR2627quantitating an allelic variant in aPemAlSeé1e/0aEH2I
sanpl e. Sone of these conpositions 25 can conprise: (a) an allele-specific
prinmer; (b) an allele- specific bl ocker probe; (c) a detector probe' (d) a
le(rjr’g(l;; rsrgﬁ;% é{){la ?:: 1R ;%malei’n\‘a tths %ge 2)neaimﬁ3}eapfb e%tl'\lx N %reims Q\; \%eé Fmﬁﬁgjtvm% ,3;1% ihl%]TP
reagents aﬁﬁh@ma@mbfewswsuu@mbbenh@m @RnaﬁpﬁMﬁﬂhamhmmaand/or a tenplate
sequence or nucleic acid sanple. In sone instances, the polyne,rase can be
ther nost ahpm|7] 38E 01297 ped- amgmxhh@fs @SPeGhyiine 1@1’1@&&!}{10&&%‘9}&%1@@ provi des
conposi tions for use in identifying and/or uantltatlng an aIIellc vari ant
in a nucl SFEHEFPEsIHIE ﬂ&;\ﬁ*@iaé%mtaﬁ%“%@ﬁzﬁd i} BHEEAIP BT S8 B¢ ) an

al | el esspegiifiliG:phifBfiaaridhREalR uaneiaéalq gl; 1%;1@@%&1’11@41‘%{ PUGdeotidec porti on of
the allele,-speciftc primer is conplementary to a first allelic variant of
a target degdercerdig EomprTisRsd 1*ﬁuia:?pélikcp<“ c P did i caersAerialitgs dPctii) an
al | el e- spegif ’?@Rbile;@&kﬁf) 491539@\%0;\!*‘1%%%{ @m@ﬂisﬁhl‘iﬂn@m@i@%@ﬂtf)la&oﬁl\yi?’, | eoti de
portion of the allele-specific blocker probe is conplenmentary to a second
allelic v&mpéhtaﬂ@ﬁietdﬁefﬂtiaﬁ@éfcquglébru‘é‘ﬁe@leaﬂnfd'm@iﬁmh1@‘@@ rérRickepet Gei d
nodi fi cat izer, . and. wher.ekn .t h l.ehe ehfd g bleck ‘ nprises a
non- ext endab é' ) OCEQ Iﬁgleﬁﬁaat u%%&;g; T H%ssﬁfﬁﬁgg]wﬁg Sone

i |l ustlPat ipteesz 'énbbdimeints@unw‘ed!wﬂp@s@rt n»@mgntaam ffruri@\hmmmmfr ¢rseda by

| ocus- speg; riner. th C 1 tar 5 of . the t rget
soquence ﬂi]alt %aé@ ‘é‘% m% %‘ilhgﬁf\ LPWR$?F,§|1?L A/nfv;;% i &a@&don ”f“}%’g QOSI Lo
strand. | necyeeﬁa;phdnglnimamodwrwnt@,mt heummrpmmhgdan&i f@M/I‘;tih:ﬁi‘I pei@rrﬁnmser a

detector prob : 1n an I aspe i nven prOV|des
ot hods. £GP TPy e e P a0 BRPRR bl e R T MR e nEEe ot hods
can conpruaentﬂﬁxhhgbﬁldu&hmg&aqmabhehe«spﬁar T@‘@Eﬂﬂﬂhmﬁ@aﬁhlﬂmm&i nucl ei c

acid | ecul e co r!s%F ? tqgg allele; *% @ bri di zi ng an
al | el d2spEETH BCBPERRLPY [ropes foe’ SuEdha hd W8‘8“30|d nol ecul e conpri sing
an alternatlve allele, wherein the alternative allele corresponds to the
same | oci W48} héspasdgueinlicerians gy Hy%héiéﬁiﬁ&i'«f% P%@Ug%%&oﬁm det ect or
probe to tﬂ@udfc'i ESEmPUCHRIG: &de @Ll@@}% &hich 9o Dy bLidizing A, 1}(9}9!-‘:!1%011 specific
priner to the extension prod tict he all el e-specific priner; d (e) PCR
ampl i fyi ng **tﬂiﬁé “Hrapdyete iamuceﬁ eﬁaislfahc Eﬁ»éwi?@ ke ieeodi PRsE s s e and “Um
al | el & Speghkl: bl pet beg9 Denxgxt.endahl e hlocker -pi ety at
the 3 terggnhé &hg B%%rtﬁcqu% %ﬁﬁ% fgenagk ﬁg ﬁgl 1 k%ﬁ ﬁg specific
pri mer20and s pies a0 riwéIoe?s@b@mnfhvwbnm@mm;pﬂ@bie by m@e{feqﬁdemhli% gowpri se a
nucl ei ¢ 2Q t40on, such. exa i 6 I .,
Ina, P R R T R el B TR 3T W 8RR G 1 e
nucl ei ¢ a@udPﬂaﬁmﬁheﬂpegﬂﬂmbnsbﬁmghﬁi@ﬂﬁ@@ﬁwahhe{dd@pdmgﬁa%aﬂ&émnmmwwe
all el e, r?st y LN&& PNA, TNA, ZNA or TzNA Mbdifications of

/ ring Fadi

a |gonucleo es”for‘ﬁrlnbrg”and/or Pr obes 25[0132] In one aspect, the
present ign provides oligonucleofid osi.tions, wherejn the
ol i gonucl Eﬁlpiieé’“é‘é?rﬁ’rﬁf%fé 1%tt“ﬂli‘ig aSHIGHE Hed ST B HSEI T CAPRET %And/ or a

non- extendalihesbh.ooket ami @E}{u%&n%@@d&,tuiW%iﬂ@lﬁ&sm}y,[0133] Non-1imting
exanpl es of nucleic acid nodifications include |ocked nucleic acid (LNA);

peptide nygigj C sachd RN f&m €05&5OMCLRLG AR GoilhNR), ,lédspm%%k),@l g, acid
(ZNA), 30triazole nucleic acid g IN,A’), and Conbi nat i ons t her eof
between amyprification from a matched templaic vorsus a mismaiched tomplate. Ei“qugnt}y

spectficity s expressed a8 AT = Clamaeh - Clyaen. AR Improvement in spectficity or

oy 2 . ACE comiditi -
“apscificity improvement” or “fold difference” is exprosaed herein g QO omdiont

30 ACL condition?}
[0121] The term “selectivity” includes the extent to which an AS-PCR assay can be used to
determine minor {often mutant) alieles in mixtures without interferences from major {often

wild-type alleles. Selectivity is often expressed as a vatio or percentage. For example, an
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[0134] In preferred enbodi nents, the present invention conprises an

ol i gonucl eoti de conprising at |east one | ocked nucleic acid (LNA). LNA

i ncl udes wWochware@f” nucl ei ¢ aci d anal ogues i n which t hePCTRBS3@E2/0613g2 i S

"l ocked” by a methyl ene bridge connecting the 2'-0 atom and the 4'-C atom
LNA nucleosides contain the commn nucl eobases (T, C, G A U and nC) and

are able to f airs rd|n to stan e pairing
Pieor wneit RED RS B R SRR G R EPERI P RS S TREC 5T g

with a corpi enqeretar;yv idciiéot li‘de Astumalﬁd:rmmmt; BN Cr immasiezshntdhas
stability fo,t he resul t‘ly sduplex, ..[he affinity- enhanci ng effect of
i ncor por at'i-onof RS HEH: ‘f’g‘r’ﬂ Hl nt}bl%)ﬁ ol i gonucl eotide i s denonstrated by an

i ncrease |n t he du lex nelting tenperature of 2-8C per LNA npnoner. In sone
i nst ances [0R2Rh 57 &% €b a0l ‘I’*iht‘?at“?‘fé‘h%b@FﬂLRﬁt&Ohs"ublh“%&“ Bt PR 9Pt ed to
oxy- LNA, tf’lﬂmfiylx{%k'itﬁ*ﬂ@s@%iﬂ‘@hil:%m;@%%m ﬁ;eﬂqm J(ehmma@te Al NUGL Acid Res.
2004, 32, eb55; Latorra et a7 Mut 2003 ; Chou et al

Bi ot ech. , LPOUS302. éumw%fbﬁe@]w<P!ﬁv»§%icreweln%<mwrféﬁ%ﬂmtﬂHémra} g8 épite

i nvention, GONPLL 8 Shan Ll higenucleet de, CompLl $tna: ’hic) eagt..ONe . AERt i de
nucleic acid (PNA). PNA is a non-naturally occurring and artificially

synt hesi zéacmkm@uaei d anal og or mmc conprising various

natural |l y-occurring or non-naturally-occurring nucl eobases attached to a
backbone ¢0126bpe%atuba'dglel‘¢ir( Zhe term Tiiole Eijﬂ@r“gCydhaiedemtﬁetcﬁffdrbmkedthby am de
bonds a ge Skl 5 t ha

dupl ex b| A mer\/\(})a{[) er%la rrg}[s hlcglng? %gnahp%;fﬁ%s es]?“g%?m?h)?l r%t)‘?'eém Vlvj? g’lgﬁlélﬁnand wth
nor e specmﬁm}@leigfreammr éal sdnoe @ﬁboam@dntsgdn]& (DA DA e b pd ﬁ)ﬁumdml twld he | ack
of el ectrost re ul si on. n.the P trand an strand. The
greater std 'fr IC e%‘%OFlFl&@? btffatéoqf?@?g&d ﬁ%“f%‘?“’i’%‘gfgﬁuiﬁf-sﬂﬂﬁ%ﬂﬁrpl ex versus
t he anal og@uﬁor@NAza}dAdiupb@emcﬂlhlé\damlcelxeeusaw)mmffy thaeparrdlity bstvabl e and

| ess suscepti(ﬁ‘lﬁ to de%{ adati on nucl eases, rot eases anij ﬁé ti dases.
It has beéi¥ PR erf@”‘ﬁﬂquhn REECHRIK ‘d‘uiﬂ"es&él‘é G BEFECTH Beﬁdent of
sal t qgncentubalh:OfrrckibnabidicdbQRucibit 248 s ABER:| | kel y that single base

m smat ches can be determ ned with PNA/ hybri di zati on because a single
m smat ch g3, PW@A&%@{%{J fawegianm% Jreltingr p\%'hnttfa(xm{i%&t@fp&? VS.
4-16C for the 5-nmer duplex. This has the fect of |rrprovmgthe

discrim nartlrrenaitﬁietwemimtﬁehedmam RS RSt hiedi@eqw@r!mesw w@eallde-g. |

Ni el sen, ho ue x P (1999);
Oumet al E(J%J}Lﬁ‘eptl Eﬂ 1\! g%iel ¢ (gq P r(s)%éi‘c @F’W#Vg%ﬁogégf or ﬂf %;eﬁgéehetl on of
Mut at i ons &annhp%taymmepmosmsmgm@m ﬁelt 18 @a*ahfahtr RtargfayLmnuG;R@ Press}cc1997;

CNSIa;: 2:’32@ com umng'jm QELP Ng% tmt of 111@%&%@111(1 i a']sf Bge%é R a.gl&é %%B%l)wﬂlébﬁflg%éé]g élg(Nig(gtg}l

speC|f|cahhyabkoe%n&mmqe&aanneal|ng and chain elongation on a perfectly

mat ched tenplate without interfering with reactions on tenplates with

M smat cheqo3p esiecRNA e RE: dsedibOud, IE OMe: AL Bl danmdetieGbi on by
suppressing w | d- type allele anpllflcatlon in SNP anal ysis such as, but not
limted t 3 REVHBLTC PER CTAMNTRYS "Bt 1Y e e Rl e seded edyy. | on
et al. J. gh !:Iforg”'@gﬁ]‘iFﬂg{auf'él}goﬁigﬂti (A s 2 O UMCtin @hrious NGl 8In€AGI dS Res,
21: 5332-5336 (1993); Luo et al., Nucleic Acids Res, 34:el2 (2006); Karkare
et al 25 Agprractifiser sbi gicvaBicopadimotd 1 HRIdETEUBRE (2006 e FeI37] In some
enbodi Ment.,., 08 B 88eALIIENL A7 153 &R 2@54@% iacali ganucl a0t kde:.
conprising at |east dne zip nuclelc acid I's an ol igonucl eotide
conj ugat ed baktNe Boeticorstg splooad éﬂtiwy‘«aoﬁ Lea@ix@ﬁi%oistbewmﬁnie CHBIERi @$. This
Structur e HSRIEAREsRLECRLORALG, | PRISLANMAN 4 LS AR BRI GGG, act d
strand and increases t |n| e o |gonuc eot | i'ts targets.
The nunbeMﬂegadavﬁohncmmﬁbWSuang@c%ed %@LaﬂmﬂpoeumpﬂﬁomﬁhbheLqWWﬂuﬂ

ollgo cl d Ate . b Qul ich can
rai 96 PheTober osbohdTRg P ge TR el AR e TR R 2. ta
dupl ex, a@@RZNAzRNAtﬁubbexmcinuambwmedoumﬁwamﬁwpneﬁWEmﬂhmemﬂaﬁme?LRThey are
efficient at I¢ mﬁgne5|u ent r aj . at, %gianneaal
tenperatuﬁ‘%”e WhTEH™ 41 B éﬁﬁaﬁ%ﬁ%éous b?‘%@’”?ﬁ G %N of allelic
vari ant s. :dhNAshebhcbehthnadlieslcabel:egnond diabs habhelsad wt thedlivwooestent

noi eties and fluorescent quenchers. ZNAs are comercially available from
e.g., Sigma-Aldrich. See, e.g., Vbirinzet



al., Nat. Protoc., 2:1360-1367 (2007), Noir etal., J. Am Chem Soc., 130
; 13500- 13505 15(2008), Moreau et al., Nucleic Acids Res., 37: €130 (2009);
Paris et wD.2p132602¢i ¢ Aci ds Res., 38: €95 (2010). [0138pCirrusoeinmsid42
enbodi nents, the present invention conprises an oligonucl eotide conprising
at | east one triazole nucleic acid (TzNA). TzNA ol i gonucl eoti des can be
oy e 227 oL DS LA S RILRLA, G naSRPRET BB iR B A e |
| i nkages G}ﬁiﬁ?dﬁiﬁmﬂ&@d@i&&ﬁ?@ﬁanhemfatagswuﬁxlihuihndla%k eﬂy I@B }pmdnymes,ases for

anplificat.i El g,h er. et , - gy - 3964

(2009)) . gégton ai'n ng7 ) oI egl'/l hl%é Ve ﬁ“%i‘“%‘“be fu%é? Eg %?

Escheri Chldﬁac!&@lik\ ({ﬂﬂiﬂ@a@ch&eém atccﬁium.imﬂfy(lﬁimelhbé h shohcadrctiSCor all R@Boses.
11338-11343 (2011)). See, e.g., lsobe et al., Og. Lett., 10: 3729-3732
(2008) 5 Fypi2zep Q’lhe ﬁalrm: séﬁﬁﬂé”@@%@d@ﬁreﬁ?ﬁ%ludes@g biblddical &ﬁ@@oﬁtgﬁ&?:@mm\éon Mat t
et al., Bi oorng Chem Letts. : 1553-1556 (1997). [0139] In yet other
enbodi nentPatic h%anmlf‘e%g@q%@dep Wikoyt ilﬁlﬁat&?nﬁh‘iﬂéé@oézrpl%mag%ﬁ{%lr@b@i)%e@@mpr| si ng
at | east Qnf.bRLECSR (E‘ECF&ip‘ﬁer%%lgoc(J&lﬁ)nucl@ﬁ'%élls@%@taﬁla%%@%fd Phl% one atom
shorter than natural nucleic acids, yet they can base pair w RNA,
and it sel faspaic, b/nrpbt(e wafisicagnatay tiyaortsslinef thy/lyarphapdd) cesng marrhw @gRiratd, t is

bel i eved S I rongly

i th R By DU e uihe Q080 ecth, e B e A S e
i ncr ed9ed figt apddld atsylraﬁ (FI‘MQ (mhw®t®msa®@nmria@0boﬂmb@g aypsraBNA-aDNA

Soo, o g, EEHAR . b RLEXES El AL A MG ST S BR s0s) ™ [ 5140

Modi f| Ield hasksbiapsg) mmb smdﬁnenté d(g 9. b@ltlhdsldﬁgph gl buhpﬁ}f)mns‘su@smmlwe(e gf |
nat ur a y occuni n sSes f | on .or el e re uncti ona
retape | YRt AR ne A e D f bl s B e P oD Gt LT o
of carbon efﬂbbdlﬁlehltettbe’ @atpd)ems whble\bilove ovefﬁa)onalwndprenaﬂabmmmems [ddsnane or

nor e I1| nker arm st f ho tB]ge base. In s E o&h}ﬂrren]tés all tautoneric
forms Bof SHYPuPH § PS %u T9thg © 8%‘?“%13‘? FARlF 5 gRiawed, pyyispladne %‘i‘f&]laB%es may
al so be i rellsugdadoliditutndefrohivgRIUIEL drdeciilirTRiGoreietePrRRg anplechiguel Nventi on.

[0141] In further enbodi nent difie sug rs qor sugar anal Qgs can be
pr esent ||1fn%‘ﬁ‘émdF‘ %rlé‘YS?Ot{‘] n}l‘?g@p@&sa f“t%m[’éiJ gﬁedd?afajg?lucl eotide in

accor danC%medd@dKﬂT@E’)ﬂiﬁ’é‘d?ttﬂsﬁl@sarﬁblgfbrg Mﬁﬁh&ﬁtthlﬁ&s i nclude, but are not
limted to, attachnent of substituents to the 2', 3" and/or 4 10 carbon

at om of tg@.[zgyg%e ﬁhf“&%ge%{*’toregatgﬁp'op“lmmﬁa ofyp cgﬁy SRAL ks s lhE erenges in

the a, - COﬂ lguration o yCOSI er anoneric
chang@$. Sligarcludgiother esmplnsiaides,e. gamtheapemﬁm, r4>d6lﬁSt @dmteb felmefn eoyecs,

deoxypent exos ri bose, deoxyribose, glucose, arabinose,
pentofuraﬁ%ggsBg%ﬁéﬁangﬁgﬁ%ge and cyclopentyl. [0142] In certain

enbodi nmen f' qore. 1 i fi ed nt eraucl eoti de or backbone |i nkages
15can be B ese Psclrlrl? ‘P'ﬁg the; é'f“é'gfl des of the present invention. Such

phosphodi dUP8 O TR HsoEREEFicatter P GrRYt mhethrare. “urf dRepnaspRonate.
t hl ophosphat/e; qphosphanotiicoatiest 1P bl@ﬁeﬂh@ [Kalo) thﬂmi@ atene grelidayt pdmsmbmr tate,
phosp 3r am dat e, . substi tgi&é} hos hor i tional

modi f i<Cat FEhY BT haded! 4 9 r‘if’ 8 ﬂ‘u&if@é ‘fwbﬁiéﬁf‘l?ﬁﬁﬁ’ég(é * PHEtar e
conpati bl @mw% 3 & DRI 2088 Brikiby: Qhd @pnu;qtmtmd@ﬁ {RREM] ngbfms; cBlobessand/ or
primers, will be apparent to those of skill in the art

the wmpouuon& may further comprise 3 polymerase, dRNTPs, reagents and/or buffers suitable

for PCR amplification and/or a template sequence or nucleic acid sample. In some instances,

the polvimerase can be thormostable,

30 [0129] inanather aspect, the prosont nvention provides compositions for use in identifving
and/or quangitating an ailelic variant in a rucleie acid sample, wherein the compositions can
comprise: (1) an allele-specific primer, wherein an allele-specific nucleotide portion of the

allele-specitic primer is complersentary to a first allelic variant of a target sequence and
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[ 0143] The non-ext endabl e bl ocker noiety can conprise any nodification of
the ribose ring 3'-CH of the bl ocker probe which prevents addition of
further baeesi¥wsi2he 3' -end of the oligonucl eoti de sequ@&aTaskRe12ms51442

pol ynerase. In some enbodi ments, the bl ocker noiety can 25 include,
without Iimtation, an optionally substituted CI-C. 7,4 alkyl dip" (e.g., a
3' - hexanedi ol .nodi f atl p;, naJI ubstltut d C2- 224 al kenyl
diol, an Opitnp%gr?é Inil;,, \éiﬁ S { 31108 ary Aﬁ :ﬁ(ﬁ?ir ty 3eL I}Ci ockeﬁ 10 ﬁeor/xhgrregioa\?e

bi nder (I\/@%iuaﬁaam1neh(;tM<,-p3}%30nobrhatdi - sﬁE(ﬁ‘;a HRker 1amt1m«)cb;ulmesn¢mereof I n
particular e onal ly s ubstJtuted Cl- dIO
conpri ses %‘ﬁgﬁﬂﬁélhéd”%‘f’ "“I%‘%Fféf%%ﬁ&f‘%ﬂ”f”i‘ BBV B panEaicE ’“%"@‘iﬁ‘y’hé* |

, 5- pent anedictlis 1hd xbeihexaitie dicaks: pr30 cdnifrihe phanedtiohplc 0foclsr8u0at atn&d]; O|
nDdifi ation.to the 3" -end of the allele-specific blocker probe. In sone
enbodi Rent€™ % e non- ext endabl e bl ocker ni ety conprises an optional |y
substituted C2-C.;20, C4-Cl2, C4-Cl0, C4-C8, C1, C2, C2, Czl, C5; CB, C7,

C. C9, Ci (5013@] 1in mmf,@j gﬂtjap‘y{wmlﬁ}iwmm e éﬁaﬁ@slaéﬁb%a| i‘ﬁ%}hﬁ§umffrﬁe a locus-

r 3on- ext endaht mc@@f}se{ IRLERY r%erfP“; % AT ORGEQDALL Y. a%MQﬂ'%%%@ C2. - 20,
C2-Cl12, ) e ?:s IR ”?d%’ el Go Cll, or Op
al kenyi ﬁ@ﬁﬁ@ﬂwaﬁkyﬁynd@nﬁwf$¢EQMM%ﬂ¢nﬂ@erwéﬁnﬂ@ﬁ@§@nﬁe®@SMﬂmhéwﬂ*

non- extewg%gge@g%ggggﬁ g&bglﬁﬁuoes not conprise or include a m nor groove

bi nder roup, In certain other enbodi nents, the

onon- q 39@9[} ?r; gtil’}) NEL . m@l«,i%%%piglo% In%%%gﬁ%%gl o B hlx#e}*uﬁam]ei gﬂislagg iOf an

optlon sti F* &thanedi ol ,
1, 3- propanpﬁtfm spyiken®4- %maﬁedab@jlnyt ddsan p@ﬂ;ﬁraeednm hndjya@hexmmeethm

1, 7- hept anedi ol r octa | modific t| or tlonal

subst 1 Lt die et Ferh eI oo eint e el I oRRgh 8Ny s,
C7b Cs, CQpecCly uc@czt;frﬁi@fftu@lewni@-hi@ém @i @ lnonogt U)r}ﬁll&ﬁduﬂrb}bi altaRazoptienal |y
substituted C2-C24 al ken e} 0 tlona y substi t - C2

al kynyl dl“’g]“”’t@ @i‘*mé‘h‘c%ﬁ‘dﬁfarif‘v?%‘lﬁﬂléﬂif R R e g R k@ M&“@Lz Czi C

o C2,15C3 s 16 -s i fieBicc ol prdbd ety ’mU ﬁrs, oo acQf m8hoode: @'i‘;"i@@%limﬁff adicki-ynyi diol
modi fication), or mxtures thereof 45 The term "opti onal l'y substituted"

i ncl udes tﬂﬁéﬁrrcemn&ééh%énﬁmee%mqwea@{it “Rydrouen Bt oHAMEHH- TS UBE TRt uent .

In the casg. anf,g,c,iazﬂc, f,O)&Q as §Ll'!llpo§t‘!}i%!‘;tﬁﬂitni€ 5 aliete"%uahﬁgl%l@&%@ pf?‘ﬁ@%n;%k@s a
15repl aced. Non-1i |ng exanpl es of ‘substituents inclu oxo, hal ogen,

heterocycmé“\U@NMbL@R%hlﬁwwﬁ ﬁ$wﬁ(@ewev fﬂhﬂ@@@@ﬂvdfﬁwﬁﬁbwﬁ%ﬁEm@ﬁ&@)ORx
- (=0) NI eR¥,c. ?#ldmc L8R whe c@zﬁrﬁ' 0%1{ 4%‘ Qs &dc%@oﬁ’{p&%mﬁﬁ% RY are

t he sane or nt an are |n epen ent hy rogen ,
heterd@ychedﬂaﬁdmmheremhﬁeéENKGmﬂtHewah%yﬁwaﬂé”héﬂemé%ycﬁé~s@%@%@ﬁuents may

be fur therr SUBSUI LM KDL 0NG (91 (072400, ED,oHRRL] RUBILR donenLbRd

her ei n. erm o |ona Yy su “When use re alis§
substituemﬂﬁ;ameamsummﬁm eﬁﬁhimbamhéysubstltuents inthe list my be
optionally substituted as described herein. [0146] In certain enbodinents,
the allel e-speaifi CLNA;:PNAI TNA, BNAt drorNX Moldiicatibs of-(ligenudlddtided eeker probe
is located from abouyt, bout. 15 or fromabout 5 to about 10, such as
about 5, 6, 7, 8, “ﬁkysaffor 30bef3 14, or 15 nucleotldes away fromthe

bl ock f the all el e- 25s eC|f|c ocker I n certajn other
i nst a%é e g%lﬁhﬁ gl’ P18 c@@{éb é}é’l HFSERige ‘gé{[&‘@f prbr g*qeLSviggmﬁ m [ wmposmons, w'herf:m

the oligonuciontides comprise at least one nucleic acid modification and/or & non-extendabic

bloacker moiety at the 37 terminus.

[0133] Non-limiting examples of nucleic acid modifications include focked nucieic acid
{LNA), peptide nucleic acid (PNA), threose nucleic acid (TNA), zip nucleic acid (ZNA)Y,

30  inarole mucieic acid (TzMAY, and combinations thereof.

[0134] In preferred embodiments, the present invention comprises an oligonucleotide
comprising at least one locked nucleic acid (LNA). LNA includes a class of nucleic acid
analogues in which the ribose ring is “locked” by a methylene bridge connecting the 2°-O
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cl eaved during PCR anplification. In further instances, the Tmof the

al |l el e-specific bl ocker probe ranges from about 58C to about 66C. [0147] In
sonme enmbodDreeriee02rhe al | el e- speci fic bl ocker probe andpor/tskéielosrgpeci fic
prinmer conprises at |east about 1, 2, 3, 4, 5, or 6 (e.g., 2to 6) nucleic
acid nodi fications. In certain 30instances, the one or nore nodifications
may | nereass Hglqhéj 4 de/‘er en(ﬁ\IA nuct16051des conlantilgvce:oerrrfmgr?‘ ;[1 Cc?eo ases@' '89 @ngtﬁhed
target sequences andr or " decr ease nat ch prrmng erficiency,’ theteby

i npr ovi ng aad @y aspec bl ai foym hﬁnd/palrs a:eblﬂmrglwsthmmd Waser-Caclnbat h@ring nst ances,

th di f t f I f
ci T oul at | AT a epEaed RRe DI AiSnfreotiye TP 8% el RuMta cat ons

i ncl ude | eckpdmpitatyaiucleaitedtriddAdre ripipinddecreaded ot eatdliiydf (HRRNAItingt hr eose

nuclel acj T Zi uclel aci_d triazol e nucleic acid
Cre 3t S Adsle TR p b el e b Rorie pbU SR dro B e Far e aci d.
8-aza. - 7- @ﬁg@rﬁmﬁoud‘é i ﬂ)é?ﬁ)nstreﬂecﬁt%aam&@éa%e dGhé PRSRx mditiRy femp SRl dot-SH

pyri m di n4(5H) 6( 7H) di one (ppX), deoxypseudoi socytidine (iso dO),

5-f | uor o- PeL ISR 8 S‘Effl%i&lita%es regers tp mod lécaé@wr :-i% BHFhCH§RI ARfc ei ¢

aci d CENA)iniR@kd bxSatl RNGio-1204, £QTRiMALNANS e ¢ t ISR DS, wugzahbzgms I'n
certain embodi ments, the LNA nodifications present on the ailele-specific

bl ocker prB%k 3P drateira <rie- e i, 005 Ragp: @ﬁl@ Heh-BoadecdPi 8. G-

non-contiguous, such that two LNA bases are not next -to each other in the
sequerfe. [AIBPD148joneenpodingnisedic ereband inveriton comhasenae bledopueedtde nodi fi cati on

that is pr.e e al roRhQ .
allele- speC| E thin ﬂléag't On% hpgld% nu@@%%@ﬁgﬁﬁ%%\ﬁiﬁ%ﬁog Faeng&gé glél.lg a[nrcl1 certain
enbodi msntasnﬁctalﬂg symhhsfzecd:mldlamgtqukaﬂamgajr thn(casbrrmtlslhglmrﬂms ﬁaa‘mhallj—bc)cuaingt he
5'-end, nterna si.tion an i na f (a), (b) or
(o) St e ey o B PR S P BB B PRGN @l o Shect 11 ¢
primer. | mnﬁMyDrg@fcﬁfehﬁds ki di amike onddn &t ineghrédiaat byohost skifle@in, thd.MA) i S

| ocat at th le-s ific.nucleotide partion aof the all Ies cific
DTS &l PR DR RE Gt i iR e Dk o Rl micnsRuas Bl SaPRS
discrim n&ﬁcﬁe Qﬁtme@}nc@hﬂaaidlt@ alY @fal OLSONADRA RigpleRdat & the e ohaetiamics, one
nodi fication (e.g is located at the allele-specifi cFﬁqlgect:%oti de

portion ofreﬁuiféondqe Véqe% ﬂ?d’é\ﬁ ftrand pp PRy stigpd pEhe septqy stahility it BY #i cati on

conpri ses pidher THEHARPAS A-BISL Aupiex tirSG il THnARESs TR ANERM abdi8l ifvyariants. I'n
yet 20ot her preferred enbodi nents, the nucleic acid nodifications (e.g.

LNA) are SOWPISKAEEIMPT theomalbetittisanddess surent§lrdo deselsion brauckrsehe
al I el eps p%@dtéalsgs ol 'pgﬁfdas%@ 0 Qs (R SR M%erm b@ﬂﬁf&lpﬂm dﬁﬂ@}‘es%”%% nents,

the nucleic acid fications present on the allele-specific 'blocker
pr obe and/stepeidpit|of sainwpeemiratiqny |Inre¢dﬂi1q1pdépﬁeln@rérhﬂ<¢1y thap prpglp baseonemaehepr e (at

| east 1, %an %Z e% rmﬁled@wthi) d@DN% hgfﬂag%lzé.j]u ﬁaurelg’sm%g 1511541 ﬁa@‘}N‘A}/DﬁM ZNA,

TNA, and/ or nucl eoti exa es o nucl el c acid
nDdlflcatdénm%ﬂMmﬂs@anwbmgmsmdﬂmwtUHEQDﬁbehﬂlHﬁCéb@hGQQ@VDHédﬁﬂnﬂU.S.

Pat ent No. 5 re. of .ch j 8 .in t herei n by
ref erence |élbx lghlgn |t1}ee{}%0€6fsl%gllp %Eﬁl}ep%s’sc\é@.l&f%}iéﬂw n@gﬁr?%&ﬁ i ed nucleic
aci d i etmigsatclied céqudnaag, Sa‘eoafgeN&hfplh @, E.GhAEgIRNA, MZNRy rehiNAsued MDA, BiphA, ppG,

and 5-Fl uqr 5. %4] (1§$§:}t (-Qu’m &"f “ﬁep%&%lclgilc l&’cmﬁ’vflblo?a 0|r$ h/?ler{lhods a tl?eeDetection
of Mutations and Polymorphisms in DNA ed. Graham R. Taylor. CRC Press, 1997; Nielsen,
P.E. and Egholm, M., Current Issues Molec. Biol. 1; 89-104 (1999); Gaylord et al., Proc.
Natl. Acad. Sci., 102: 34-39 (2005).

30 [0136] PNA can specifically block primer annealing and chain elongation on a perfectly
matched template without interfering with reactions on templates with mismatched bases.
PNA can be used to improve mutation detection by suppressing wild-type allele amplification
in SNP analysis such as, but not limited to asymmetric PCR clamping, melting curve analysis

(see, e.g., Oh et al. J. Mol. Diagn., 12: 418-424 (2010); Orum et al., Nucleic Acids Res, 21:
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30used in oligonucleotide, synthesis nmethods well known in the art. In sone
enbodi nents, synthesis of nodified priners and probes can be carried out
usi ng st amoants/ebem cal nmeans al so well known in the ar PCTRSROIRN&HPL €, t he
nodi fied noiety or base can be introduced by use of (a) a nodified

nucl eosi de as a DNA synthesis support, (b) a nodified nucl eoside as a
phosphor a ge ur ﬁ)#ﬁ e. g...1benzyl am ne
treatrrentrgls?‘ig:%6 %%é %” Bi%e a@&ﬁ%F“AC eﬁﬂiﬁ@%?éorabiﬁﬁ¥%$%aé”%ﬁi sequence),
or (d) byh@m&bw&ﬁhmhﬂmbbJMﬁﬂsﬁséaxmén" [0152] In addition, in sone

enbodi nents, the nucleotide units which are incorporated into 5 the

ol i gonucl get37fesn @ime diebodinteatseths pRednk in@erﬁi’oinrwﬂi Soraftidé @i oladohediestigpeci i c

bl ocker probes of the present jnvention nay have a cross-linkin functlon
(an al kyl SPTRESRER ARt QeI WREIGACHEENA )1 %Néri%awhg%wée%ﬂe fraggicdadth o g |

t hrough aohé&KH&&a@&QEchQ%ﬁQ%mhﬁmyﬁ&wﬁﬁoﬁhﬁ%u@ﬁﬂ@@&xmﬁaﬁﬂ&ﬁﬁﬁﬁﬂi i nvent i on
provi des nethods for detecting and/or%guantltathg an allelic variant in a
T

m xed sanpfRelsiaonE igttargplaneleircoantan ecsrpesitheailiply afghg eligoancsongea fir st

al | el e- spgg 1fs't£r Q5.1 TR nubhBefofl dhficilic IHE RIS @&t adly PRIEMWr e ERRcRLAG @ first
allele (allele- % ina first reaction mxture and hybridizing a second

al | el e- speei mpéulm theegdobrlrharceiof e nimlrsiilsi whigh Fan st de gbecsoondyid Bnegaa second
Il el | t | d
allele (a ﬂ]\ﬁ* g@ex‘ @ gélz ecgﬁ% c{u?%§f QAL Eml 516, P EURIENA dlq?l%;% 1@a%ﬁ§a§r95p°n S

to the same ybrl i zing a |rst al I'el e-'speci
bl ockdf probpredigtablesesaoerd Th@bc¢reﬁﬁicaoia1lcrmtr@grwlserrwn@ntrgmqm@nélal legle-2 in the

first rea%%ﬁe%ﬁ%%tgﬁh i‘(ﬁe% Rhdh g%mlaﬂba% Soid fér%%&ﬂﬂe %t%(ﬁ%fl%[’%iéh‘é I\’&I‘%d’ﬁeOCker

probe to a sec el c aci ecu rising second
reacti on mN&sumaebe emgleJAbeled di duahépbeled ivith ﬁludeﬁoemtmwtms ehefld@esche first

nucleic acid n the first t|on xtur d br| zi.ng a
Second. detBteBT prSns t opmerth He kiRt ac el e d s mfilfong
reacti on . xva Biotded 2: 101 36 (200M), Noif dtrasfJ. Meﬁaﬁerﬁ@e; t3001m00m3505 o the
exten n dyct of th f'rs .al | el C in the first
reactﬁgn ﬁ&&@h OreiFt A %Vi%ﬁ%lg 508ﬁ§)¢§@§sggggk? p@c%¥fﬁﬁ¥ﬁ%%’the
ext ensi on 3pré®dyediopf the second allele-specific; prinmer in the second
reaction mxture; (e) PCR anplifying the first nucleic acid nolecule to

forma fi rt‘i]t38§ef1n chel“%%%hl%legi(s REPILGORS AR ¢ &Bm%ﬁf% blﬁ%éhﬁkge&nh@ second
nucl ei c aC|d nol ecule to firma second set or sanp l'icons; and (f)

conpar i ng cemerifipg yteagtamne Hiazglgpsleis aeid { BzNAve T§@édﬁt$0%1@ﬂeoﬁﬂeséﬁibb¢ cons to
25quanti t l, allele-2 in
q B @lbEGndcilcR cgﬁ_wﬁ%g@%ma@kmzﬂk fic &yc ARG

the sanpl e conprising a O I'n yet anothéer dspect, the present
i nventZ0on rgacten)d @sgomeclotidss fortaidiag éctli-pagedatripialslinkagdsehi be ysad paPE€Rof a

target > | et Wit é‘v{l»ié@{cc?f‘tp% g%fekﬁas:f{% H e@ﬁ?c&t?o%e(%kg%%%re%?m 5 p,pt | east a

second al I'eli c vari an ar uence t'ihg exanpl es of
such net hdds, mcswe%%@(zooem fignea comamtngcbnnzoﬂﬂ lxtkurcemlagpobolﬁdncmmgmone or nore

of the fo'é erzg a%o@%e eret%I )Procgi“ll ty rad & §a}n§)§8e}l3gllt§ @c?é?ﬁo‘ﬁ % on of

all el e- speC| I'cpri fer € dif e-sp eCI I'C nuc
t he all el egspebe ki d., pi¢. mer:., ﬂ@3GQNBWHneanJ&gm0ehﬂ¢7@ﬁﬂ@mmaukmlﬂh4W@Miant of

ner ei o0 1105 S o e ERICPPE Ml Ing. [Rat v 99hbl mentary 10 5

regi on of the t arget sequence conpri sing
[0139] In yet other embodiments, the present invention comprises an oligonucleotide

comprising at least one threose nucleic acid (TNA). TNAs have a repeat unit one atom
shorter than natural nucleic acids, yet they can base pair with DNA, RNA, and itself. While
not wanting to be bound by a particular theory, it is believed that TNA hybridizes strongly

30  with DNA and even more strongly with RNA because TNA is a good mimic of the A-form of
DNA and of RNA. The increased stability of TNA-DNA duplexes compared to analogous
DNA-DNA complexes results in improved mismatch discrimination of allelic variants. See,

e.g., Ichida et al., Nucleic Acids Res., 33: 5219-5225 (2005).
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the second allelic variant, wherein the region enconpasses a position
corresponding to the binding position of the allele-specific nucleotide
porti on ovouhs/@bd2el e- specific prinmer, and wherein the &CTAlISeo12/08E | C

bl ocker probe conprises a non-extendabl e bl ocking noiety and a nucleic acid
nodi fication as descri bed herein; (iv) a | ocus- specific primer that is
Scompl emeqy gy %\%Lguetdﬁg%[ﬁ@qu,tm&@%gm S8LsegauEnae Ligl o brgmg e first
pr obe. Inbeesbaa@hmﬁsﬁﬁahe&uﬁBMenfmn&ﬂmaMbeﬁwamyamﬁamﬁm@ﬂnﬁkﬁeESx@dmutant

all el e and. the iC varla rises the w
T01eE] R TR Rl B o B M A S VRS v P e e
reacti on, (ﬁSmﬁﬂﬁﬁh8dﬂgi&n0uhm@ﬂﬁ&®emb@ﬁﬁﬁmgﬂmdﬁﬁ&bdm&nwsmngu%hﬁuahﬁﬁ%

| ocus-gpeci.fic priner_ and the | e-sp |f|c primer to i con.
Then, Oéfﬁﬁ}‘m GROUE SrEEt B ’Eﬁ‘iﬁe ei’”"‘*c"ﬁ%i & dﬁaléﬂﬁe@é&fﬂé%l‘” 5 E‘P{@f of the

det ector PRI obBc PR Hindi 5 ptdet ber@MPLisean, thereby detecting the first
allelic variant of the target gene in the nucleic acid sanple. The detector

probe in i M4lirt FakiVe STPOGNBRNG SRS s opﬂ%liieﬁéﬁwpé&t?ﬁ ?\ngattnh%acqgt ectabl e
property in illustrative enbodinments i S fluorescence. f 56] In sonme

enmbodi nentiere ¢hbe guclovtied ebtiige! @esiiezqneﬁueﬂa tthecgdageg rgétibe sginganciuctthe
all el e- S%%ﬁcld&urphpﬁfe 3 220, ?‘ Az&‘ia%%ﬁﬁ& dﬁ&%ﬂ‘dﬁitﬁ%% (!?F];Qgs'zt LON,, 4 n other

enbodi nment s he al speci fic hucl eot i de portion o 6 all el e specific
bl ockdf prebes itsnlwtategh hiftthe coentreriont o He b%fﬂreclt’é*ﬂsipeemﬁi ambﬁ@e ker

probe. comigo g'%,o!l 0% {11“ %?A_Eﬁ b{er{rlb ’ﬁg{ Lgi?f‘rl]t&%’mnrﬁ hggﬁ‘ SuOXL Igulf‘th, %

al lelic variant 1s deté&rm val uat'i ng able
property ®$tmhe&dmhedhnmaﬂw&b@wxh&ma&ihbﬂh&@h@qﬁﬂhﬂduﬁmﬂiSﬂu@h@mﬂethOdS of
the invention for det Tg ! L C var| 1. in a target sequence in a
nucl ei c ac“‘?aﬁﬁ?%wbﬁﬁﬁb>lgéhth”(?oﬂﬁﬁﬁ ﬁ&‘e&%??ﬁg" protocol (a) form ng
a reaction xtuyre conprl one or nore qof the nponents (fi
a. nucl ei d“gél d “SeplRembe ’(“?*'1“)‘* RETRRC @“@Be&‘i“f"ﬁ‘E“*gf”i“ﬁefr PR e T

al I el asspegi bd grodych Rt didenpontiiQns of: fhiewabl-eher speckhC .PrimeEs | s
conplenentary to afirst allelic variant of the target sequence and

conprlses‘%3%ﬁc@%ﬁ@lﬁb¥@ﬁﬁﬁﬁﬁﬁ?%%%P%ﬁﬁ%¥ﬂPH@$1%%@F”6W“%?”¥ﬁ@“¥|rst allelic

variant asgdessihbedhear ;ﬁio%huﬁirk 'ﬂ%mﬁ{'&»sg}! dehRrnoneshike, hlockelpuebe that is
conpl ementary to a region o targe 305equence conmprising a second

al l el i c variiant wm:re«rtelphO‘tphemme@taoﬁﬂ*étﬁef@ﬁp’e@ﬁe@ﬁ@idpf@senwwﬁeoﬁiéweﬁm ng to
the bi ndi %Qag}i%%h&h%@bm R&bg.rﬁ]h@ ﬁw’%ﬁ Oti{l'ciﬂf](ggé&% b{é%o&grﬁﬂir%tﬁ hefrhe
1 C e-

al | el e- speci primer erein t specific cker probe
conpr i28es v w@gwm@om etryinanpdpabnuciiel eriact.dvilbdirfisest fodhosap! thiéi ocat i on
of the seegggiallelic vari ant as descri bed herein;

[0143] The nov-extendable blocker moicty can comprise any modification of the vibose
ring 37-(3H of the blocker probe which provents addition of further bases fo the 37-end of the
oligonucieotide sequence by a polvmerase. In some embodiments, the blocker moiety can
25 nclude, without limitation, an optionally substituted C;-Coy alkyl diol (eg, 2 37 -hexanediol
modification), an optionally substitimed Co-Cyy atkenyl diol, an optionally substituted Co-Coy
alkynyl dicl) 8 minor groove binder (MOB)Y, an amine (NHy), biotin, PEG, POy, and mixtwres
thereof. In particular ombodiments, the optionally substituted C-Cyy allyl diod compriscs a
methanediol, ethanediol, 1.3-propanediol, 1 4-butanediol, 1,5-pentanadiol, 1 6-hexanediol,
30  1,7-heptancdiod, or 1,8-octanediol maodification fo the 37-cnd of the aliele-specitic blocker
probe. I some embodiments, the non-extendable blocker moiety comprises an upmonali\
gubstituted C-Cag, T-Cho, Co-Cog, Uiz, Ta-Coo, Ci-Chg, Ca-Cr, T, Co, O 4, s, Ce, Cr,

Cs, Co, Cio, Ty, or Ty alkyl diol. In other embodiments, the non-extendable blocker maoicty
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(iv) a locus-specific priner that is conplenentary to a region of the
target sequence that is 3 fromthe first allelic variant and on the

opposi t e Worarsdee®@nd 5(v) a detector probe; (b) PCRramrfis2digiong42 he
target sequence using a cycling protocol conprising a nunber of cycles run
at an annealing/extension tenperature; and (c) detecting a change in a

det ect abl e LoReLs v, oh LS et ector, probe fncthe rplified products of the

t ar get sequeﬁ are “severdl ] or
advantagegfatetheinﬁhhodﬁumﬂxmh@npmeQEﬁﬁrﬁmVentlon First, the genotyplng
assays described herein inprove the detection sensitivity by |owering the

Cl -val ue [bm] mat chath &angets:Ofc abd-eliasiabiNextis ;tihetgettt@tnmpjoﬁgmat&&ays
descri bed herein |inprove speC|f|C|ty by increasing the ACt between
val ues of "t Hed A T SHEr ched” sEueAL s SONR dddit i of PR geidY ytb. ng

assays sdesghl-pedihRRicR: 4 AREO Ve MM LQEMiLYorof o8k ki G 8NEYiaRE088:ulaVAr | ous
assays. [0160] In other enibodi ments, the methods of the present i nvention

may i ncl ude CeuéLk;ltdétéé)@yé?‘r%@“@t‘%ﬂé@tﬁd‘014 hisewesdiddt-emtediolt!he net hods

for detecting.an;ald Ekh&ﬁY@rﬂﬁH&wM1d@ LAl 98k SeaUeNR A huckebe.gci d
sanpl e conpri ses: a) f ornlng a. reaction mxture conprising one

or nore ofsuphetdidiiHoni ind-ednpgondntis:. Q20 +d indellei e aeild: Safplie; ¢
(ii) an ald el eﬁsp cifde, &%% B dMIGLELD, Qﬂwé Uill' mutﬁ@ﬁz@e’df(‘ & &?‘?tﬂofjl elic

portion of AT ‘el e- specific primer I's frentary to a’ rst a
vari ar® owrmheﬁtatgembﬁeqUeheewaﬁdﬂﬁGWﬁﬂteeStamnudbeueﬁmcwﬂtmﬁmtﬁrtat|on at

the | ocat f. the f | lelj.c b
alﬁelgcgpegl 2 6tgckg;8%?§b et%CﬁY?%|§5%§|éﬁgﬁf%r{ %ﬂ(pq,?dﬁém§%$ﬁ||) an

t ar get seqv@ﬂeenwbnpwmsmmgﬂwnsecond allelic variant, mhereln t he region
enconpasses a position corresponding to the binding position of the

al | el e- spqei45| ¢ TRl G ObpiibAalpOfubLtRIedf inélhides dd repleccapeciffat Ragp bhdMidrogand
wherein the aIIeIel§§e0|f|c bl ocker prope conprises a bl ocking noiety and a

nucl ei ¢ alfod WilR FHRseYn ! %@69%0? %}ba?E‘PoWbB‘ft“ M 6 Qe PEHY ISR MPRS §%%r | ant  as

descr ilged rgfikred eNbi- limiting exarﬁ}blb’s) of@ubs@fldsts R/ bkE hﬁlrolgélﬁhetéll@@}ﬁcld SCN,
conpl ementary to, a %Hglon of the target sequence that is fromthe first

al l elic vaPRantRakaNh AHIRGpPESFOR sTHFAMR . KdP)OR”, -C(= ‘?WR B .dePdtt or

probe; (bkmf@ﬁ)ﬁ@ﬁb'RMh@ﬁth@ f%FQGMuQQHREQRﬁwuﬁéﬂ@sﬁn@mﬁﬁﬁ&@ﬁ%&&&%”g
protocol conprisin CO a first anplification step conmprising a first

nunber of irdgpendanthychydepger afkyh ot heteraesslei Yl veheremsach et the ket andibetsrocyeld
(ii) a Se%%ﬁm@ﬁ‘t@}ﬂ g'bg Al BLRR S QIR Bh§6rr}90r@0§t‘ﬁ9 nsﬂélg?@ésc&fed%%l €S run
at a second annea extensi on tenperature: etecting a change
in a @étedhatire “ppttqmelrlx yubgtitutehd wiherk e@ﬂbr«fomadtﬁeOf aubtth@n&nmbarts itlead cach of

the substituents in the list may be optionally substituted as described herein.

[0146] In certain embodiments, the allele-specific nucleotide portion of the allele-specific
blocker probe is located from about 5 to about 15 or from about 5 to about 10, such as about
5,6,7,8,9,10, 11, 12, 13, 14, or 15 nucleotides away from the blocker moiety of the allele-

25  specific blocker probe. In certain other instances, the allele-specific blocker probe is not
cleaved during PCR amplification. In further instances, the Tm of the allele-specific blocker
probe ranges from about 58°C to about 66°C.

[0147] insome embodiments, the allele-specific blocker probe and/or allele-specific primer
covnpriscs at Jeast about 1, 2, 3,4, 5, or 6 {2.g.. 2 10 6} nucleic acid modifications. Tn cortain
30 imstances, the one of more modifications yoay nerease the ditference 1u the Tom between
matched and mismaiched target sequences and/or decroase mismateh priming ¢fficioncy,
thereby improving assay specificity and/or selectivity. In certain other instances, the one or

more modifications meprove alichic discriroination of samples of cirenlating tumor cells,
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products of the target sequence produced by step (b). [0161] In sone

i nstances, the first nunber of cycles in step (b) is fewer than the second
nunber ofwoyelee®@nd t he first anneal i ng/ extensi on tenp@Catuse@2i05144Dner
than the second anneal i ng/ extension tenperature. ii sone enbodi nents, the
nunber of cycles used in the 10 first stage of the cycling protocol is
?Eguz otzoa/T 2\0% r?i%/%lﬂs%?amyd g%?ﬁbfsr?/sd ﬁ%%%ci)z%%g‘lz%&kg{ miam,cf (giﬁ,l ’ril*eé}%ggzjy\engﬂt SOf
the first nsd:ialgeuémmayshrb@b\mém aboUutNA}, @nm&myic&ie@ﬁ A2 ool oylckesid 3 to 7

cycles cles,. or a nu, er of t ween 2.3, 4, 5,
& ory b TGRS Py i LD i o ot Reteet rareifsloiuna in

t he secondc&aagﬁaghﬁ}h@ucwﬁipﬂga&ﬁpﬂ@ﬂp@@hﬂhﬁmabmu{HBdhmm@$Xﬁﬁwines 8

tines, 10 times, 12 ti Sy 3D L

i mee. 345 PHBEEH I HBR M rMBar Rty ot HOdb T R F 19 8T8 age, 1
some enboqthmtrﬁh thz&ds{eﬂﬂm%oﬁifﬁ%m@,m@li @Mﬁﬂbﬁtdﬂem@b%&hf&%uh@ 50 cycles,

35 to 48 cycles, 40 to 46 cycles, cycles in between, e.g.
35, 36, 3FCriEdgembylimenss. e L ém@fééimwzw 1%5“1“8}? ﬁ%ﬂéyésp sHic DERGIB3]° I n sone
enbodi mentygq/ot HRiQUBL: Annaakd ng/ &M&Q@&n sLEMNELAL NI &chgad.during the
first cycling stage is about 1"C, about 2"C, abolt 3"C, about 4C, or about
5C | ower ﬁ%&h&$ﬁ@i%hﬁéé¥4hﬁﬁ@X%@ﬁsP&ﬁm%enperature used during the second
cycling stage. in some instances, the annealing/extension tenperature of

t he filOst [@k48]e i srebetdhemhedbout. 150Gk BPC B BBRQswt obdElitlo 56" C,
e.g. 53"C IO o) l L., ng

25anneaI|n ?gﬁ&gﬁgﬁ rgugﬁdéfaf;c “j“ﬂh% ﬂ'%;E &E%a Pgﬂggb‘?&%ég?wbout 56' C
to 66C, 58&C;crtat fﬁﬂﬁﬂlrﬂﬂﬁi‘@ﬁlv Culdic62(E, is émga(i 3581.' i@; 6@1@ {bb 2Che E)Fan&h@) atf] 0164]

| n anot her aspect , g present |n%qn pIO ) , a.rea ﬁﬁlon %%‘ re t hat
conpri ses ‘FRE FOIPEWhY Eohporent € ¢ ? Ve mij‘éf i “é@ P norideticd “kj an

all el e- Sp@ﬁﬁﬁhﬁdﬂﬁhﬁﬁkh.whafepﬁmaﬂiah&ﬁiﬁfﬁﬂedb%h@bmuﬁ{eﬁihﬂ&ﬁpﬁﬁhlOn of

t he aIIeIe spg(i ; rimer npl ement to a furs@ 30al lelic variant of
a tardet setuen W€ Shipr @‘éé SR %“ T D R AR k‘:rﬁ1 “Ghf™an allel e
- speci fi euddeakes mp[h@ibﬁmn\ﬁ/ﬁﬁhbﬁie@ﬂﬁ-ﬂxu@lbdﬁ%L@ux@@&ﬁdlid}”;@mﬁw@ﬂ)@@&dﬁdﬁﬁ portion of
the all el e-speci fi Mocker robe i s conplenentary a. seco ‘?Ilelic
variant of *FHe&" tfaf%eit Ws%t‘:iu‘éﬁ&‘é“ ahd e 8ﬁ‘pw@§s~maﬁ ik %‘\ & udvdTHBUrF i cat i on,
and wher ei;NoibReecald ik osReH kG bl.aake kRS &ML S Ofh dPlRcker noi ety at
the 3'-end of the oligonuel eotide sequence; (iv) a |locus-specific priner
that is cOMFHERRHLAMPTES B Pishobie siedindi e arigee Peeguenss tHENS § 8 from
the fixpst .af }&U Ceol LA rﬁﬂ%rgﬂmﬁ QedaQiF}Q&ﬁﬁ a@m@tlf QHQNAB,I]Q/,QE (1&@& ;@ detector
probe. [0165] I'n sone enbodinents, the nethods of 't he presen% I nvention are
used to detwerntiae pf postigudss apditet of varidntoeiarips: pri&s dnekamr@ef r equency of
| ess than about 1/10, 1/100, 1/1,000, 1/10,000, 1/100,000, 1/1, 000, 000,

1/ 10, 000, QMG?]1m1ﬁmﬁﬂmﬂm66@mmrm&bmﬁﬁ@@ﬁ@@@dﬁﬁakmapdwanww%paﬂ¢bﬁmaﬁkranges
in bet Weerﬂ“iocpf ?‘4 b“%ﬁ iﬂf‘ LiEe Vi%rnliaigé fio ead nygpc @nc o o ?! S tli n, ot her
embodi ment’s, a8 ot % resent rrnvent i on ar & usé détect a
first allél#cgﬁaxﬁaﬂUUIhaﬁé 8, pr eSentili INA 686 1T1aN, @bouT 12 A 3ucldgtidhs. 6, 7,
8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 250, 500, 750, 101, 000,

2, 500,255, GOf%0] 7 <509 ¢ \cllg)th‘Q m;{géa Q000 i}iu@@k@@@;ﬁ tbﬁﬁm@@;@ 1ack00 1008212805000,

500 000, 750,000, or copi es per 00 500, or 1 000 mcro
liters, af@<ERs: f’lﬁaéﬂ &néfwr’faﬁsgeg T4 Sbétc\i\%é“éh‘bmof # whigh pperaiy! iEgt i on
Vol UNB. by reference in its entirety for all purposes.

[0151] Many modified nucleic acid moieties, including, for example, LNA, PNA, ZNA,
TNA, TZDNA, ppA, ppG, and 5-Flooro-db] (FdL), are commercially available and can be
30 used i oligonucleotide syunthesis methods well known fn the art. In some embodiments,
synthesis of modified primers and probes can be carried out using standard chemical means
also well known in the art. For example, the modified moisty or base can be introduced by

use of (2) 2 modified nucleoside as 2 DNA syothesis support, (b) 2 moditied nucleosido as a
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[0166] In certain enbodinments, the first allelic variant is a nutant allele
and the second allelic variant is a wld-type allele. In sone enbodi nents,
t he presewd2os¢h2o23 can i nvol ve 15detecti ng one nut ant mrOTASAeIR/05342
background of at |east about 1,000 to 1,000,000, such as about 1,000 to

10, 000, about 10,000 to 100, 000, or about 100,000 to 1,000,000 wild-type
x![ ﬁgglse(s:gh U8 [Enéz\e; &gﬁe t ] Rg%ﬁits:iarﬂﬁ eq%\ l’\ Hl E’iiﬁ‘:V\?l %i Eéeﬁilvm%l e tzeggwni Hﬂl‘%g;Zt the
conparableo@&ﬁIQQMNﬂtﬁ@hhasadpa&s@ysﬁ&pﬂmﬁ%gmmnﬂandﬁhaHKESQe&muathe present
i nvention r%yldes kits for quantitating a first allelic 20 variant in a
sanpl e coﬁg élﬁﬁ}an alternative second aIIellc variant that include: (a)
an allele-s eC|f|c priner; (b) an allele ecific blockerilrobe; (e) a

| ocus- spedV¥RL  pr pdddion. ngpme ciaedimers. ﬂ]&fr‘&lﬁ otide1ppitevhich pregneasparated Wi

[ 0168] 5| n ieedliganRiddalcsds BRGIcIc LRI R PR o aﬂdVbY@lFélé QR BYdcHEDrdbet 8f the
conprising two or nmore containers conprising the follow ng conponents

i ndepende st HNSRYIDRYEVE  copelibing ectiopdamaioratipg peentbaat drHbroung o) an

al | el e- spegi b GoRlok R base WSS &hfdudia RIS #mSpeci fic nucl eotide portion of
the allele-specific priner is conplenentary to a first allelic variant of a

target se e a G i i ¥ bed

her ei n; ﬁ%ﬁ?f )h?gﬁ % (ﬁ{lrglifg%g& h|l§chﬁ‘(‘5](1:%g]rpqm[wQ nf{étﬁ‘%% i e %té)hrzr]% g%e}ht ary to
a region @ﬁmﬁhﬂmgang@ﬁmsemuennemnmmpﬂms¢ﬁgwauﬁemmﬂdrmb%ehn@unamnanb

wherei.n the. region.en ass. orrespondi ng I di ng
30051 i o BITEHE A Greraegt Pletn el Earr e so e B BrobREYart 8L speci 11 c
primer, ardeiahgelinid hﬁrx&*ch@kﬁﬂsmfﬁ it d:wihi@;ﬁk@af xqam@,b& Coppriisgsna.io a

non- exten %Ie bl ocker %ﬁ %Vand arpuc gfg fIC tion as descrlbed
her ei n. RAPE Pl PR R R OaP e “s““‘-?i}?ei At é)d’éér?‘-"’“’i% bR Bfob

conpri ses valraal divlee> speeiduiCionticl:eotibdles PRILI; 08 Hvbadizing dth@mma‘ky to a
second aIL?JEc variant of th? target sequence, erein the allele-specific
nucl eot i d&'FEFET S 'S HNFFIERE S HricPere: ‘at‘inél"’%‘éhd% fibét‘? 8%, B4 fdeWtfer ei n t he

al | el a5spegkiitcCanlho6keFinPs QR CORRLISAS: Bobl-PEkeE -8y natictheg3’ - end of
t he oligonucl eoti de sequence 0169] I n sone enbodi nents, the kits can

further cEpiTse Ogiv%%%ﬂ“épbéﬁ L? R o ﬁa%fw@sw@%@f?ﬁ}uewém%ww 0 a

regi on of the.lacgel 11§&qy§@§§109b@i il B Brst Raé}mnt hendd Jn%%w@zﬂ;%% & Q se@f 1 ant

and that is on the opposite strand. |In other enbodinents, the kits can
further c@fm@rm@@ﬁ%@fdé&xé@pfdmbmb@im trufret: Hotsherd aesbdi wﬁmﬁi} he kits can
further couprlse, addi chf?s“ Lci80NRAREN,S. i of ol ploalt g@%h%ﬁ&@w ¢ [0170]
Insmmemm&nﬁns onposi tions, its of

i nventZ0on parer inkie isu§fe:fcf@nuofi rmidf@tcfeéhmmimwmm%ﬂ @i*«mwsianpif@is us‘uch as bl ood
or fine ne,%g 1&@% 9&[&5@@ (END o cgrsﬁ&g{iu %!rm‘%ﬁ'?z‘?%w a0 oﬁ@? Mﬁ Frrodclied

nvéﬁglon are

enbodi e Nposi t |ons [ or
usef ul foﬁﬂ&mmmﬁﬁnmﬂﬁﬁ@@a&é&as&@ex@xedug@mehﬁcwvammnmmmoﬁmmﬁmw&tmd
mut at i on qQE@ct n_and val i dat |on n th ot her enbodi nents, the
afiplifning hic seey 871 Qivigs £id mok SOOI b st st IE &&m;i of .
conposi tions, hoﬁs S can used for genotyping -tri-allelic,

or tetra- ahbehmcCSHYmE&mywmv@&hemAeﬁbadmnanﬁs;n&&khaiﬁmnp@qﬂimans, met hods,
and/or k|t of WF ve tion,can bhe USﬁq f.or qu %I ng SIP e ar.
che- dom he <o

qudnmfm : i the sample coroprising & 2 an CENTHY APFISIG

aliele-1.

[0154] in vet another aspect, the present invention provides methods for detecting a first
ailelic variant of a target sequence in a nucleic acid sample suspected of comprising at least a
second alielic variant of the target sequence. Noun-limiting oxaraples of such methods nclude
30  forming a reaction mixture by combining one or more of the following components: (i} a
nucieic acid sampile; {it) an allele-specific primer, wherein an allele-specific nucleotide
portion of the aiiel&speciﬁc primer i$ Ct‘;mpian‘ifmtarv to the first allelc variant of the target
specifie blocker probe that is complementary 1o a region of the farget sequence Comprising
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mul tiple nucleotide insertion or deletion nutations. In sone enbodi nents,
the conpositions, nethods, and/or kits of the invention can be used for DNA
typi ng fram2aided2DNA sanpl es for QC and hunman identifi @aTiUSR0129SEYS, cel |
I ine QC for cell contam nations, allelic gene expression analysis, virus

., ypinglrare pat hogen det ecti on, rrut ati on det ection from pool ed 20sanpl es,
detectlon of .cinculating tu d, d/.or enat.al . di,agnostics.
B. Al l el e- Spe&rié Bii e f?ﬁ?“ Hﬁmﬁﬁgugﬁ%“dd %ﬁ%ﬁcﬁﬁjwllfﬁl% Specific
prinmers ammdsigqmtmo;h mgbmi& sranigi ngidaidapabout{ (25ai80; s;&uebhpasmabmm 16- 28,
about 17- 2 bout, 20-22, or an bet
ol eot | aeger RERTR < K Ssnb enpsarmanics S o RE DR SRR AN e o S dec 1 ¢
primers Zaueﬁiamgadfm@mcammxg5@=ﬁb&coh27@£,u\su@d@uaspoai@@qhtmﬁzﬁsaii@ 68C, about 54C
to 660 about, 56C to 64C, ahout 58C to 62 5] any Z ﬁa}tute i[l_LPetween
(e.g., “53EPTBAENEEE 2 a5e Ol HeRSFIERbodM et & BRETTRIC G apE 2
al I el e- spewi: sl & 1R dppBEiE: shﬁmﬁ@ﬁm@i @ﬁ@@c&@pmbghﬂmhmram&h;eﬁbameeaadté&xi -end
tenperature of the PC1Z cgc i ng conditions enployed durlng anplification.

In certai NFHSFAREES] * B8] BEEFELIFISECPr FHEIS "de FYRRG -t K 0W T s
increase dpserimnation 300f allelic variants. [0172] In sonme enbodi nents
of the invention, low allele-specific prinmer concentration inproves

sel ecti vi ty, 5;, &8l L2l p}Lf}? ﬂggcgﬂ:m ol 519&"9‘“1'&%3;!}&&& ﬁgc{&}atﬁ 10004

all el e- sp C primers increases the ‘bet ween mat ched
and nildnmatohedhs sguencastse mesbnecemnpodiinerts,and H@ &ﬁdnﬁemircaﬁ ingn tof

50171 M Lo 700 nRI Shout 0D RNy 17 S0B Ak *Sasut et i eh Bt Cpout

200 ri M t @cBO0r Opik ug‘@bd)utdmc?g@@thaNIlp’(lO}nS%rehMleiamngme firangelid wribetoiden.

[0173] In.s di ment s cific I X nventlon
Can’ conpr i SeT SRR e s gerre gt BaRREe it Mo Tra P b IE ot he
t arget al nelieasobrdbntser@s ticieckitd @gbhelen iigpecivt bebadickeotsd erpanti on of an
allele-specific prinmer is conplenentary to one allele of a gene, but not

anot has aljp®ep o sdnh@ngRBRacntsNthe B hRalcIcBddSositioh 8f fik Iselafreb REI IoF heRNALeOt | de
portion binds_to one or npre variabl e nuc]eotide positions of a rqene t hat
€

are nucl edPseie 5ot 5 Bridleleypgeifig micleptdspoigon nky aiss cbedimehttherliiceot i des

for differgntficalurbiide p%?t[dn%m}% aﬁgle%‘p&ﬁ%loc—ﬁ@ﬁpr%é 1@&&ateé—9§tﬁ@§énftér%f fucl eoti de
portion is at |east one nucleotide in length.” In exenplary enbodi ments, the

al | el e- spel¢lpispecifisdilesseritebepor tion is one nucleotide in length. In sone

enbodi ments, the allele-specific nucleotide portion of an allele-specific

primer is [0I53ht edccatintdrbodimaner i qwrio’fofﬁhﬁiiaﬂdl lelievigpect flatonpridpr . 1 n

ther nmbodi.nent s, .t he. al ucl eotide portion is |ocated about
32% ”?saig‘ﬁmfr rghugt e ““%‘f%%pf’“‘f‘e“ié”i J6 GGaPEEtites in from the 3

m)st end t aIIeIeseC|f|c 0174 AIIeIeselflc.rlrrers

st gnod T01PE: gotoTtn SUrTeaae g BRLee bali aeh " dpFove Feder iRt on of

al l'el'i c vak i aftcsseqlihes aMen ol RS, cobgs AU EﬁQ&sh@legQ:ﬁmB hﬁmoi

all el e-specific nucleotide portion targets a hi d| scrimnating base

(e.g., for dét BEEFEfH TEFIN ‘}31@‘”%”@‘”@“” eVt @P‘fﬁ@%ﬁ’ APy BTas YU UEEES

di scrim nati ng;;bas@ssi- §Qf s@¥apl e, may invol ve detection of 200 C, T/C,

(I/T, T/G T alleles. In sone enbodi nents, for exanple, when the allele
to be?25 (i1} an allele-specific primer, wherein an alle o specific micleotide pumoﬁ of the

allele-specitic primer is complernentary to a first allohic variant of the target sequence and
comprises a mucleic acid modification at the location of the first allelic variant as described
herein;
(111 an allele-specific blocker probe that s complementary (o a region of the target
30 sequence cornprising s sceond allelic variant, wherein the region cneormpasses a position
corresponding 1o the binding position of the allele-specific nucleotids portion of the allele-

specific primer, and wherein the allele-specific blocker probe comprises a blocking moiety
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detected involves AVC.f or CT SNPs, A or CA nmay be used as the 3

all el e-specific nucleotide portion of the allele-specific priner (e.qg., if
A or T iswohreiympwr allele), or Cor 'f may be used as POE/U32012/051442
all el e-specific nucleotide portion of the allele-specific prinmer (e.g., if

Cor C is the najor allele). In other enbodinents, A nay be used as the
?gdgeOt ![ ﬂ: %F%&ﬁl}mc gl gz,%%ifhgeﬂhﬁéi {hv ?@g(zzii‘son m‘%%a ««euﬁndvﬁlqehc ‘v(fﬁ{iﬁetéife ﬁn%&gﬁi‘d;:opr I er
quanti fyi rugre | SNPs In yet other enbodlnents Cl nay be used as the
nucl eoti de- speC|f|c orti.on at pg %% the ql g L%IC pri mer
when det ecti ng"andPEF geant PTG &ﬁéW§ &Y 75T ’Wh”tg gt ent s, the
all el e- spe@mﬁmcﬁpﬁnﬂeﬁncﬂ&hcoﬂﬁﬁtsﬁc@tkﬁﬁ@ehwsﬁaﬁiﬁmﬁ 30port|on that is
specific to thﬁ p nucl eoti de sequence or |locus) of interest. In other
enbodi nent s, t he *aFEet2E¥eci fic portion is about 75-85% 85-95% 95-99%
or 100% Comibemem@gayfsm by Jca\rcg&tm@myw Hel80bLA:ISeaHNEE, Slmbater est .
In some enbodi ments, the tar get-specific portion of the allele-specific
primer canyeenHEpsE iﬁlﬁ“e‘“%P@i—‘%@ﬁ‘é&ﬁ’qﬁ?‘%ﬁnﬂ@l eotide portion. In other

enbodi ment s, (o hg.ctiak Q@ﬁa‘m%@!%%‘ Jt:lﬁ@tap@r;ﬁ 4@y LStk 06848 Je i BetalBiified
al | el e-specific 41 nucl edtide portion. The target-specific portion can be

about 4- S@Qﬁﬁﬁéﬁﬁhsk@5¢“@B@HﬁPﬁﬁzgﬁfabéﬂﬁbW 15, or about 8-10 nucl eoti des
in length. In sone enbodiments, the Tmof the target specific portionis
about 19C B8y tThe:anr3eal!/rextiendutanpertat urbodige thofiorsoPOR eey@d iffigl. 1 n sone

enbodlnen e . Lf, Lhe. target . 39' LG 1 " } e pecific
pri mer rakgeéggﬁk%hfﬁ bﬁgngg%fﬁguéﬁﬁﬁ%‘%ou?T@%ﬁ &)gbkt%bk“ ih %C ?o 58C,
about 54C+hiee W@;ate&b@t&lﬁoeﬁﬁﬁ:at deb 6@k, Ok ﬁfb@ﬂi}m5@s@ﬁ tsaleatbhibed hBGCim§OLy6] I n

enbodi ment s ecifi e , target - specific
por 1 on of e oy SRR e A B P B Rt PSR hor 1 on
of the secmmﬂmaMIak%mspeﬁmj&gq@ﬁMHﬁhﬁdmnﬁwm&yaﬂaheﬁ&&na(Sequ&m@emmmSare t he

sane %Squence 0[0177] In sonme enbodi nents, the allele-specific prinmer can
conpri'se i€ 'BF " Hdre nodified nu0|eobases or MO e0Si dir bases different
fromthe naturally occurrlng base i , adeni ne, cytosine, guanlne

thym ne an¥l6d} adi P opys éf&rré“efﬁﬁaﬁtiwfgh“ RSB PR HEEET ALEEEEi | | abl e

to effectiyaly hyhrt dl'nza@;r;E Qmﬂtlflﬁﬁln%';i@ fAChApuni {@ESLMQIZ‘%% Gontal yadenine,
guanl ne, Cyt osine, -uracil or th ym ne noieties. In SOTTE enmbodi nents, the

nodi fi ed BEE@C@EHWﬁy“Fﬁ%ﬁ@ag@dtﬁﬁﬁiﬁdﬂﬁﬁéfence in the Tm bet ween natched
and m smat C"@ﬂm&ﬁ Gk RAHENEES .8 ﬁg{&ﬂ{o E&@?f&@z%%fmc LeR, Pcfnl;}wanﬂig

efficiency, thereby inproving assa sﬁb Icity, ct|V|t
reprod@cibiIity)aﬂmlﬁﬁmﬁﬁewhﬁﬁlnents the nodified base(s) may increase the

Di i ng af i ni Ly 800, @ld 8l 6roR8eLE] 6 PLLIBLAONRIAR, {5, gomml ement ary

DNA t ar get . odi nen speC|f|c pri mer
conprisesaata%ﬁaSh;mme;umwmpcwmnﬁﬁnnneuﬂnﬁ¢knedubaﬁés?mgaaﬂmhmsaeﬁ nDdlfled
bases i ncl_ ude,. mnth

L 1.on, o) e . , t]
nucl ei ¢ ac?ig]ml(ypNAfm 1% acni modgl G OR at h 1d (HT%EJ? %mt ﬁﬁ Y um dcfgalg

FeoEe hueTei"e " acT™ nuctl el ¢ aci i NA) and
triazol e DNAin, TzDNA), 8-aza-7-deaza-dA (ppA) 8- aza 7-deaza-Ki (ppG, 2' -

?E&)Bl gggggg' SORY t%lga:irigf‘ &g:?gis‘gch ottl\ﬁg}l%gg%/ 5 19 Lfr}gpig(l%g%&l 0 db Erf)lggi 1 oghig l%fg“lggl ¢ acid

sequence comprising a seconsd allelic variant, whergin the rogion enCconpasses g posiion
corresponding to the binding position of the allele-specitic nocleotide portion of the allele-
specific primer, and whorein the allele-specific blocker probe comprises a blocking moiety
and o nocleie acid roodification at the location of the sceond allelic variant as described
30  herein;

{ivy & locus-specific priraor that is corplementary 10 a region of the farget sequence
that 35 37 from the firet allchic variant and on the opposite strand; and

(v} a detoctor probe;

{by PCR amphiving the target sequence using a 2-stage cycling protocol comprising:
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25[0179] In sone enbodinments, the allele-specific primer conprises 2 to 6
LNAs, PNAs, TNA.s, ZNAs or ribose nodified nucleic acids. These nodified
bases exhWwbipittrer2fal stability towards conpl enentary DRATASAVIRMA4420i ch
allows for excellent m smatch discrimnation in nmethods of the present

i nvention. The hi gh binding affinity of these nodified bases can be used in
hybridi zation ass ‘ ] .3 , electivity 30andl or
reproduci bility " F%i@ﬁ?épd“} cnn)“%ﬁh E%gﬁm?hﬁ‘¥“5§ P”Hﬁﬁgse present on

t he aIIeIem&peq;éﬁ@mpmnmmpnmﬁnpmdses one or nore LNA nodifications. In

t hese enbodi nent NA “g% |cag|9ns are not Elace | ﬁb/3$secgtkye

posi tions on tHB "a‘tii"@i BUEPEETTT CIPY TR e PROEET C AT R SrBod AEhY € ““TRE
nDdified h&&ehmgch@@mheﬁmﬁﬁ&malﬂﬁhe 3'-end, (b) at the 5'-end (c) at an
intern posi or at any nati on of or. n the

L1 ol e 3sphortl G TOLRL o Of ol Bl (L atihel"g. |
nUC|eOSId@%mh&bbﬂ@@hﬁﬂ;&huhﬂ@paMh@Men$ﬂ@¢bJlC nucl eot i de portion of the
al lel e-specific prinmer, such that the LNA nucl eoside conprises the

nucl eObasefOHi?le 1 ©nrAhSslcbdnal e n%izi!ﬁ@“v@i tﬁLt’gf?(ﬁ";@\rt' AP Gan 10184} I N
preferred embodi ments, a LNA nodi fication is located at the 3" end of the
all el e- spewpéia Cmifi“rf@fi ihorstrndeBng Nacatontidercatifie by lewvidbiatht saend he 3' end,
the melti %ﬁa e GIDELS, EME% b 0f ntsﬁ(;&fe%%i{aﬁé;ﬁteﬁ?%ﬁé %Jtﬁtepr‘!g%ft:c Lgheages,

t hereby e ncihg the se ectivity e assay 0 resent invention
t owar d§ t Hestalsbetfi tbe wabiamtiocdine dddi ch70. $&t 86t |<ti/e1(é>np‘i“i} fitgat®orilof the

10allelic yaf) ;%‘é‘th%%@%‘%@%’ of %E uaff '?m%%e;r o AURLI [ ?fﬁlxé’f REPEL at “&g% during

PCR cycl i ng. esence of -end may
al so heIpve%OMMﬁmmnhthetﬁgxfnﬁt;pbﬂ@éﬂeamum@meﬁ@ndeieas%ceﬁiiVuty of DNA
polynerase In é i ces, }g‘) Rresence of % ; (t the penul ti mate
posi ti ons “HEY" pro r*‘“ﬁf&téétiéﬁ‘ béﬁhgt “%411§5 Sonicldass et i vity of
DNA pol yme see, G ust D and ei ¢ AC| Res 32:3, e
151-81 Qlé%bzii “““E‘ﬁif PSS rré‘“éh‘ﬁé‘éihéﬁt“é“d ’ﬁNbl“ﬁ‘r(é‘fli“i‘ly rhi NaShar e

pr esent i Brdhes | RELHBRBE @nd, @kgesspaaed ,BWQD%@%@ﬁ&ﬂ@ﬂﬁ@qﬁniowtbﬁ;’é&s from
the 3'-en I'n other enbodinents, the primer can contain 1, 2, 3, 4, 5, 6,

7, 8, 9, ¥01mgk WAL Wpacitian/iherdopetwelen gl igths fist e ngomg 9 or

10 bases f; Bﬁ%mthihﬁh 3is €0ghd e 36%%‘)1001; Bek - enpodizaRNt S, 8 LNA IR fid.cat lon s
p05|t|oned at 0 the penultina e position relative to the 3" end of the

pri nmer, atépnéwevtendmménaﬁne-ewnéﬁ@xuan@ ¢omdi hat'fofts #t.herieot. ih 4fhese
enbodi ment s, LNp modi fications are typically not placed in consecutive
posi tions of the priner sequence [0183] 1,NA nodifications in the

011,990°! Stidsfe 1| DELegREsL LR ALALABALLLILI Y LouREds, Lhe compl.agent ary

DNA t ar get er arfinrty’is ¢ontf of mat i onal
25erX|b|Hnﬁymﬂhﬂth&zh@bked(3abenddtaomhdrﬁaﬁm®mﬁotntheNfi@@seaﬂhnhe DNA
bases, LNA ba ﬁng.are | i nked hat e beckbone allo g t he

A DA DR s R e B e P B B P % R e R ST Lo
in a hi gh%ﬁnﬂlﬂhg@ixtéﬂ%@n(ﬂhﬂiﬂuuTﬁh@a qit«semstdn natnenymeﬁfiﬁ)et rdependentis on the

ability of_primner gjng to_the nd staying bouynd during PCR
cycling. This $§4é6ﬁF Je&gdué't84%h gh *Hit giﬁ%m ’$hgw ‘g@f?hébthv
25  annealing/extension temperanie of the second stage is between about 567 to 66°C, S2°C o

64°C, or 607 C 1o 62°C, e.g., 587C, 60°C, 62°C, or 64°(

[0164] in another aspect, the presont invention provides g reaction mixture that comprises
the following components: (i} a nucleic actd molecule; (i) an allele-specific primer, wherein
an allele-specific nucleotide portion of the allcle-specific privuer s complomentary 1o g first
30 allelic varisnt of & target sequence and comprises a nucloic acid modification; (11t an allcle-
specific Blocker probe, wherein an allcle-specific mucleotide portion of the allele-specific
Blocker probe is complementary to a second allelic vartant of the target sequence and

comprises a nucleie acid modification, and wherein the allele-specitic blocker probe
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30primer, The higher Tin of the LNA-DNA duplex correlates to its better

bi nding affinity, A lele-specific primers with LNA allow for higher
reacti on wenpsyesaeres during PCR cycling, which enhance®Crius2eiposi4iz city of
t he genotyping assay, conpared to non-LNA prinmers with a lower Trn. [0184]
In sonme enbodi nents, the allele- specific priner bl ocker probe and/or

gﬂ Zféogpggf?}bﬁeﬁgsﬁ '-é,]!<61‘ mu Nﬁtd’ﬂ)gi ﬂnd 0 he 0 ﬁ;onu eO 13%6%1%%;]5;3?%1%5?,[rg/ag?oalnt s DNA

t arget. Th@xhﬁghmmybmnﬁmngphﬁima®Uyaagdmhﬁ@hﬁmwwnm@tnﬁwmumi1eh3nhmgh
speC|f|C|t r odu I|t to.th hods .described herein. 5[0185] It
i's appreC|%? EqB fﬁ8§3§”k%F ““h*?ﬁgfﬁs ”HaémﬁﬁﬁﬂﬂqﬁNA dupl ex binds with
greater stren th, higher stabil nore qui ckly and nore specificjty
conpar ed ¥ DNA“HH\‘TR%’&P&F@% tha Ei@ﬂi@é% ?%& PAKE f&f “%‘P‘éé%‘r“éé‘t%tdr’@‘"triébﬂl si on

bet ween a ;RNA Stifamch: an 52%5&5@%% Jh@qgﬁﬁ%ﬁmaha@&da M obs, wafdected by
a higher Tmfor a PNA | ex versus the anal ogous DNA- dupl ex, PNA

conpl exes &8 Hprié Wﬁ%ﬁﬁa‘“&mgygﬁlb @H@mﬁ@§§’ B80S LER T 40p Tgeigriadat i on

by nucl easgs. RRLEAS ST 2 AN PERLL VAS88 for t@@%b%@ BN Babadihe, I m of
PNA- DNA duplexes is in part | ndependent of salt concentration. In sone

enbodi mentiy, mahedlol B erspE bR wer eiideoe il gekeruprotiet WHCkRaInPNA can
bind its nuckel Graghd Lag %e*,'f 40 fohes @Hsﬁ“%é@fmﬁg’: tw{}dﬁsﬁ’bé es@ h&pﬂ»ﬁse“ce of

secondary structure. See,” e.'g.,” Nel's
| ssuedONDI 8D, Bifi 5,006, 7660.1) @400 1998, SER b“r%f)eﬁﬂiw% "“lﬁlﬁﬁo@iﬁ M@t . Acad.

Scl - 11027530039 (800 pl 0, 4! 56L05U0RS, QlgSART Aol D Bl npor por at ed

herei n by Feference I'n t REiTEt1es T sone
enbOdIﬂEntﬁ%ﬁ¢Méwak%e|EﬂS@&ﬂﬁﬁ!&NﬂﬁhﬂEDﬂﬁﬁﬂDflSES one or a plurality of zip
nucleic acid (ZNA) nol ecules. A ZN A priner has increased affinity for its

conpl enentjgreg] t ar gaeztam%odm%ntgomelem ﬂ%i@dal@lneﬁtal’iﬁ)&ﬁtﬁmiﬁv repul sd-omi bet ween
t he nucleiﬁﬁa0|d stran resche of one or Lq&allt of ZNA

nodi fi cat “ORE ‘SR fet aﬁf B @ﬁbcﬁf‘f“‘f”@‘ BEPHERCRRAT Eﬁb%%% EUTFROBE t he

Z3" AA.15DNAcdiploaxe emdmt M?@'M@mad bk by Guul (F 61 4%k BAL:E 0000 B 1MELROYSL@f ast he
pr esent i nventi on. I'n some enbodi nents, the allele- specific prinmer

conpri ses B 1 §FC (Epaﬁ%?yﬂﬁ¥m691@}WK%Q%Q@WH§8§@}Hddﬁ@ﬁﬁﬂﬁéwdgk(TNAs)

TNA can hyﬁmmzlu S 8k rmgibmi ‘Mntvh« PNA2Rd 4uS0Re 9&9&1111%@01(“%@ Gei0faalche A-forin
of DNA and RNA. t he i ncreased stabi | 'AA. - DNA dupl ex

conpar ed m@vaﬁévﬁg@u@lmﬁmmcmm1et>@esf wwswh@yi )élemf aky é}‘éms@*e“crfwc pri mer
in nmethods of the present invention can inprove msnatch discrimnation of
allelic vdﬂﬂﬁhténamﬂ&88%uﬁnhophsmtENBﬁﬁh@BHESNR%h@i@Mhéhémspéni#kﬁcpriner

conpr I es 1@%}‘ glri \aan k Ci.)%lpfigix 911 ]ai;gn%a e Tt.%t)m éﬁf varia &gat 1{%}{@% & Idch °i St ar get

Si nce ease

conpared Eﬁxaaahmgmug4BNMﬁhmmaBncbﬂhﬁaw&uakKeheﬁ&papﬁﬁquqnmmﬁapsdﬁannbe used
i n nmet hods %} r.esen i nvention for inproved allelic variant

di scri mi narivs &I‘E mp( muaxv

[0168] in vet ancther aspect, the present invention provides kils comprising two o 1more
containers conyrising the following components mdepenidently distributed in one of the two

25 ormore containers: (i) an allele-specific primer, whorein an allele-specific nucleotide portion
of the allele-specific primer is complementary 0 a first allelic variant of a farget sequence
and comprises a nucleir ackd modification as described herein; and (1) an allele-specific
blocker probe that is complementary to a region of the target sequence comprizing & second
ailelic variant, wherein the region encompasses a position corresponding to the binding

30 pasition of the allele-specific nucleotide portion of the allele-specific primer, and wherein the
ailele-specific blocker probe comprises a non-oxiendable blocker moiety and a nucleic acid
modification as described herein, In particelar embodiments, the allele-specific blocker

probe comprises an allele-specitic nucleotide portion that is complementary 10 3 second
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[0189] In sone enbodi nents, the allele-specific prinmer conprises a tail.
lii sone instances, allele-specific priners conprising tails enable the
overal | |wogots/abo2rhe priner to be reduced, thereby | owecirag2eibmsHa2 W t hout
significant inpact on assay sensitivity. In sone instances, the tail is on
the 5 termnus of the aIIeIe-specific priner In other instances the tai
hﬁcﬁlegf?é:ﬂeigr‘vtag%iﬁ O?)g vtich[{tg%%(iug Ceec‘vl‘v t:iem ?3.161*9‘ % ‘)d‘C! t, ﬁt v‘}% (EEH’EO}“’EIO Loatmr%%eﬁt s, t he
tail is ab@mﬂtﬁaua&%ﬁnabomt4m5a854@tmhﬁutsgéaﬁﬁweﬁqa@obtuﬁﬁnaaegbor about
100% non- Iene tar¥ to Hh tar % % njcleotrde sequence of interest.

In some erb6aT EHT'S* The F%ﬁ1’ H@“ B 3R such as about 4-30, about
5- 25, about 6-20, about 7-1 or about 8-10 nucleotides jn length. In sonic
embodi ment 8169 hél 159 cnrbsfd%eb ip & capdprtiek st es aiﬂrrmsar?eﬁerr%m henits, the
tail SSQU%DﬁﬁmhémﬁﬁﬂBEh@@guﬁﬂmﬂgﬁahetQﬁu&@&%ﬁ%aﬁﬂwﬁm@ﬁqaﬁQQ%%nﬁﬁgﬂi
70-.100% about 80- . 100% about 90-.100% or about 95-.100% G and/or C

nucl eot i déit SEITOITTHE sPard [BPteharriere. Spéer pindipha AePDEy decior
configured i a, NYIRES . QfoahdlLERks VA Snd: @St!t}'%!‘?i«'o G D e&ﬂ% bgmdgd to, a
configuration whereby the tail region is available after S priner

ext ensi on #@prhyBriigiazett o a conpl ementary sequence (i f present) in a prinmer
extension product. As a non-limting exanple, the tail of the

al | el e- spdei7] chprciimnboamdnybthb dirzposttont, rm@tiwomhae'nekitxaﬁ‘yhaeeopnemmi n an
Féaggfll On s Ttrglgart ﬁfﬁ’!s %}\ﬁtm d{s tr?«@ne t qg(, 1'@%2) o%f o?‘f“!) OCU Ig aggt%tltem ﬁ}g\eg{ o he t ail
of the frnamyaﬁahwe@eyspeﬁbﬂmcuﬂﬁﬁnﬁﬁmanﬂthhayMamLz@ﬁmﬁhemSecmndﬁt

all el e-specific priner rise.the sanme sequence .or are the sane sequence.
O ALl o St 1 B B RS Br LB PO OB ST SeHE BB heHEAS T

all el e- Sp%@ﬂeif:tirﬁt 4l ogkeriopriahe: ofer bhespresent: d Jﬂ\q‘ﬁﬁhbrﬁﬂm&&o@spﬂﬁ! driveal 1y

desi gned t brrgrze to tn$ a. flrst Ilele and ghrbit t he %nplifrcation
of the fi ﬁ%ft g 41 R g Fee PYHg Coreet FlerY > i CREUET Y ng t he
anpl i flisc atih0Rn@b:itine, SeEORM AR LANLE thi By SAITB cASREGES ﬁ@tactmeuw asent

i nvention, the bl ocker probe is specifically designed to brrdrze to the

wi | d-type RdT BICIRET WRATH © lldr@ﬂafhﬁrltrtirﬂea%r B GRf ’H@Wt'*a’tilf-‘ EREP G Phe

ampl i fi catg, %d@fmﬁ t]{akrmbtf aMin@lli8l & be us({dorétg@iAAL;I;ﬁflr @oﬁl@z@glrf reratQ L.agker
probes may be designed as short olrgoners hat are single- 30stranded and

have a Ierf@t% ol @t@omtrdqrooeqﬁmnem gt s gol! ABEEABOshaldieaETdes o
| ess, abouyt,3Q; ntggtiegt "%? ?9&01% th@ﬁgtttmt%%nftﬂ%ﬁqltddﬂ%ﬁt1 frotLZ)étﬁcd or about

5.-20 nucleoti es, 1's0 odiments, the Tmo cker

pr obesS0r angerity. dmet%f:ot orPhQrg 610 o898 od 2@ PorB8EH 488Gt 0 67C, 64C to
66C, or about 60C to about 63" (.7.!, or any 45 range in between. In yet

ot her enbodi neBts, Ahde-Specific Ptiessl | el e- speci fi c bl ocker probes is about
3'Cto 6C higher than the anne, ail extend tenperature in the PCR cycling
condi ti ong0¥ip| dyechedurtiongneanpihi hildatpeoitic pfiGtB5ke dhnrt@tigrﬁnamtmgmgﬂrotrs t he

" bl ocker %Bgul%?§—38rs%cﬁ]gstabgtlltel%vﬁdabou ’196 I:)bCoI?lt ‘?5@' Iofr Ia out 58 32 or any range in
between, nucleotides in length. In some embodiments, the Tm of the allele-specific primers
25  range from about 50°C to 70°C, such as about 52°C to 68°C, about 54°C to 66°C, about 56°C
to 64°C, about 58°C to 62°C, or any temperature in between (e.g., 53°C, 54°C, 35°C, 56°C).
o other embodiments, the To of the aliele-specific primers 15 about 3°C {0 6°C bigher than
the anneal/extend temperature of the PCR cyeling conditions emploved during amplification.
In certain fnstances, altele-specific primers designed with fow To's increase diserimination

30 of allelic variants.

[0172] insome embodiments of the invention, low allele-specific primer concentiration
unproves selectivity, In certain instances, a reduction in concentration of aliele-specific

primers below 900 aM increases the delta Ot bebween matched and mismatchod sequences,
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5 In some enbodi nents, the bl ocker probes conprise a non-extendabl e bl ocker
noi ety at their 3'-ends. In other enbodi nents, the bl ocker probes further
conpri se woORler3/ami2et i es i ncluding, but not limted to, &duiuszanmbi442

non- ext endabl e bl ocker noieties, quencher noieties, fluorescent noieties,
etc. at their 3 -end, 5'-end and/or any internal position in between. In
;gr tagIOEt Otélt]%”rf’iﬁ ‘:g’gﬁo%{ﬁleéli\ 1’6 Ci} Leiitfatlfﬁ.??ﬂgi ”a%)ﬁﬁi?nfiilffii\?g}“te\ dei'-l’il b}g)%ltl I(? %SUC?]U;I’S]
about 6, a«bmwm suaibmwbo& wﬂabbu;t”% ;ohakbet | EDphon S&badt inbﬂlf Tgcheat4ogdes away

fromthe n i,,_ , e all el e-s eC|f|c bl ocker

b obes whaRk AYSH o SRdC 20! Exer TPgSt LBl atn et LG RPN bt ront s, ¢ he
non- ext endabl e bi ocker nD]eté can_include, without limtation, an

opt i onal | YO&3bsti tiftcedrtiefinens, &= algy rregiloiPrigos o i K ert et 8IcowBaiFicat i on)
an opt isonal y-\;sééhﬁtdutﬂ%t&@ Q@m@?fh&b&%é ¥lindiokt Miel ZnebR41dSalkynyl diol
a m nor groove binder i , an am ne (N1112), 'biotin, PEG P, and

mi xt ur es tsmriédﬁﬁalﬁgti£@|z@éro@s%dn RHEYeineilie HEmgs corD RBNIEX te Heable BF ocker

noi eties SWeN.ASk: Brbher 2B xgmﬁxgﬂgdhﬁ,uﬁgﬂﬁk‘ﬁékﬂﬁgﬁxi@k%h» ?% %&%%hf'c

bl ocker probes can increase the specificity of allele-specif

Suitabl e r?étdhédgmf%rnocomna@aw%@ﬂﬁ@ﬁ@%t@ndh«bg@a ma@@%éﬂdﬁmdémwe@rb@dt
allele-sp | X AL .n the
art For exansfa™ SE4E h%{%‘?%ﬁ%?ﬁ%y@%ﬁféﬁf%?ﬁ%z AL .
hexandalohymdhnmbéﬂabnpagaved fwfmheMQtMu@mdcwﬁaahnakmehew@@@@nmmb blocker
probe via hosphox am di g 019 cts,.. the bl ocker
probe wi t ﬁi?‘hdglxg nbg 11“1 angc %1? : 1r Ingingm 1&1 iI“ gl;;}lii%%w%{l Gn%igfdﬁg“'?%*g“'
phosphoryhﬁ%eamaﬁfhad&hﬁkwbulmmymaﬁﬂiiﬂEuhydnmﬂhebkam&w¢m§suheﬁmarhon chain

allows th ker .10 bridize to its wld-typ mntho t bei ng
Stert cal 1y HiRGoPsd AT HOUGH TRetRtbhE st EE 2R e e B d bl ds to
t he targetoosclidety pe, seqtiente, o-ef fi asenay- waycbeidi [ Misshed’ bystde of

qu| g;s anq %henj ni ¢ nature of the phosphate group. [0197] In certain
enbodi i allp pﬁﬁ @%F%ndable bl ocker noi ety does not conprise or include
a m nor groove bi nder . in certain other enbodinents, the

non- ext end&Jrk b’%@k@?s«%ﬁéw 68 h BLEH NG BEREPE PHE A8 HPBRVYr oup. i N

further erﬁb»@xdz'nﬁ%m}@zf i b]@, »Qi?ﬁ@;i?s 3pextendablig. Al 0ckel 0P e&ﬂhﬁﬁﬁ@ ?Lé’m
essentially of or consists of an optionally substituted

(e.g., a IJuipskamedoplar iyl PEdadison) g ?étm W@Inépﬂ %;ewsu@s@ﬁf’e &t éop @Am 4
al kenyl d'{%, AR of:m %EJII»QMJ%M Eﬁfnutt &&ép?al Mnbﬁkui‘% gifgm[g%%] I'n

£
some enbodi nents, ocker pro a dl eoxycytl noi et y,
whi ch 20s &3 T/ éh@uTn Tttarni nHtior it hate prieviantns, 8 t:eexfmémvhyn ﬁb’yﬂ ENAe be

pol ymer ases, . 91991, J 0cSQTe; aRHOCL 1Bt 5, 11 he. AL Lgl & sRee 1 hlogker probe

can conpri se one or nore nodi i &d nucleobases or nu0|eos c base
dlffgrent(@ﬁ@ﬁbfhﬁ&Hdbﬂmaﬁkynmﬁcunfth&baSE$c@U&xaﬂﬁad@ﬂlDEIHwybasnﬂe
S are
&

guani ne, 0 d

still able ?% ‘@tﬁﬁvgfyi%?%§1 i“é“ ggﬁuéi Eki%%ﬁiﬂmnffﬁ {ﬁgi’conFaln

adeni ne, @Mﬁﬁmﬁﬁp}Gyb@ﬁi@ﬁﬂﬂumﬁﬂdhi@ﬁth&Hiﬂ&lﬂ@k&bh@ﬁﬂmuﬁgﬁmﬂmﬁ&ﬂv

enbodi ent.s, g. fied. base S) C(ea e g |fference in the Tm

botwedn el EHEH TRl B ORaE T oot “AOGUSREES TG P det e it h

prim ng efhi/ct @ncysis:herabysi MprovbRE-aS8aYyns PEchl 8iutds ARG Hekeatdl vity.
spectiic portion at the 37 end of the allele specific primer when detecting and/or quantifving

(/G SNPs,

[0175] insome emwboduncenis, the allcle-specific privaer can comprise a target-spocific

30  portion that is speeific 1o the polynuckeotide sequence {or locus) of interest. In other
embodiments, the target-specific portion is about 73-85%, 85-95%, 95-99%, or 100%
complementary to the target pelymucicotide sequonce of mterest. Tn some embodiments, the
target-specific portion of the allele-specific primer can comprise the allele-specific nuckeotide
portion. in other embodiments, the target-specific portion s focated 57 {o the allele-specific
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10[ 0200] It is appreciated by those in the art that the m smatch
discrimnation ability of a probe relies upon the difference in nelting

t enper at IWO0(3AE6)27bet ween mat ched and m smat ched pr obePCamgee120s34exes.
ATm typically increases when the probe size descreases because the m smatch
has a nore destabilizing effect on the duplex. In general, allele-specific
P e o r Bl BEkLer 1Al L SSLLl DAkl 00 T 6hea and. 1 & $ERLENED. spduences
aIIeIe spebidii’et 5, @hﬁﬁh&iﬂpn@bﬁh@%utheghré&@ﬂi‘hﬂU@ﬂLh@ﬂw@@ﬂ@ﬁﬂsﬂ& ;at | east

one, i bases.. Non-Jimting exa f dified bases
Phe ude | oRiEiD diler b LI ey ah AR s BB aE Shyeasa: do
(ppC. i), 2bmedeo¥yidseudaicsns v idiangs: (hesBic@G)ion Dt fk UBEIOs R crBeEXY Fandésne

ggg%lﬁétlgﬁﬁiﬁﬁé?ﬁb?‘”T% pQEPErTéhggﬁg\gﬁ%L%%gtggkgw%gg?ffggigzgéaggesent

on the al l:ehesspegidic Phockerprabs:eompri ses one or nore LNA
nmodi fications. In certain enbodinments, the nodified base is |ocated (a) at

the 3'- en 017(5?) L m&hﬁ%ﬂé‘m W#{Qdm&(ﬁl) caxtpvt.e}ﬂ, fﬂlﬂ{‘i@g n}%'uﬁ&@%"tﬂ: OhLspQk At any
conmbi nation o within the allele-specific blocker probe. In

some pref &Hied o éﬁtﬁ&ﬁt @spwtiﬁemn@dimﬁté@lwmgéﬂaeféwg@iﬁc*uszwhzsm@qi @bdide) is
| ocat ed at%LQ§4 AL th@gﬁghthgih%ﬁkﬁghkqat orti.on.of .the allele-specific

bl ocker pr nucl eosi de conpri ses the nucleobase used

fghfjlm tﬁglrgbﬁ? “’““f““h}“%%* “’Lk@‘rv {Io%rl“ [f”“és%”]’“é‘“??ﬁ“ ‘m‘rr?%“ “‘f““ fh‘}‘{] tﬁ‘ocker
pr obe |ncmea&&&MxEEpmﬁﬂ*ﬂgJ@m»mhéwamﬁhmwmnmmhﬁ%n&pmNAgbmcthe”bﬁ@mker, t he
Tm 30 can increase by 1- 54:

ase_ | K n et a Tetrahedr.an,
3607- 3630 {'TY8B T n%?“ g2\ 1““C*Hate‘ipgﬁ%‘d‘r%ﬁ‘)df%ﬁﬁ th"é@‘“ﬁ%“lt@’f?‘%iﬁi‘ Yi'1998) ,
Vang et alabic 1Bh@RFigly Madidi-Che micidietdid uniQithal Idlain 1db0ie(2098) )eytolinbl ocker

with higher Tmcan. remgin apnealed to the | d-type a | el e, durin
extenS|on““%ﬂéf@ﬁ?““ﬁﬁﬁﬁﬁﬁ ‘“8%%?@P@ﬁ%n¥{¥; Hﬁfrgpﬁafi@ﬁfuﬁ?ﬁ%fgt st udi es
of duplkex gt Lon: ﬁ'@z\/&ﬁ%@@%t&ﬁﬂﬁindk%@{@i%&hfﬂttréqu@h% duphexesadlave a

sl ower dissociation rate conpared to dupl exes of native DNA. It has al so

been showditREE! PHRIDEPGICHSt hFetH Faror R RIE>AFFECE LY it i6CtivHY éPhct i ons with

Tag DNA poly. f@&@sﬁﬁw (i']-‘{a.[}@lt E%b&hm@m sMphge 1%@@@“94»%&&9«[, &l i ehes, 17:
253- 259 Zd 5[0203] I'n sonme aspects of the present i nvention, the

bl ocker pﬁﬁb@ﬁ@éﬁﬁGB@S@@@ﬁEﬁ%mﬁf“&ﬂﬁﬁu%apmfwﬁﬁwﬁbﬁﬁﬂﬁﬁﬂﬁ$icatlons In some
enbodi ments, LNA is placed at the m d-position of the bl ocker sequence, the
penul ti rrat[@z17§bsiht el hebBlirend, thdiiTfdeerpentic piteropalpssoft khe ol oeker

S equer}%e 4@9 é}%fim% ﬂbx'na”aé «!dl ib OP ﬁo&%n% b&&%ﬁgﬂe fde; 1tg9ut @?mmis on {}Iﬁ, 1 1%&9){ aced at

the variant nuc § U& conpl erren
enbodlnenm&ﬁ{BNbbQem&hnpdmbemﬁ@PNAEﬁnm@bnmﬂﬂtamm(ﬁﬁﬁse@umcMeahm%zNAD0204]

| n enbodi nent s Il el e-s eC|f|c blocker rob are ysed, the first
aIIeIe-sp@%@%ﬁ%&gﬁ%ﬁkéﬁg%ﬁgbid%ﬁﬁ S S R YﬁﬁgadW‘ée Gence as the
first all ab@w@pﬁemj@ﬁm& ferdC ;V\zhﬂh@ot*hai«seﬁ@mdmaidmI“e-(sp’eclcfmmbl ocker
probe binds .to the. op |te stran ment ary sequence as the first
aIIeIe-sng?%?%nb?Fﬁﬁ ¥§féﬁﬁ5F“ ﬁ“@ﬁﬁﬁpgﬁgﬁﬁ?nents the allele-specific
prinmer and the bl ocker probe both conprise LNA. The presence of the

nodi fi28d BR8] o otaruiyeivgpiine Al tREC BrEekeEmipE sbetodniant €54he

speci fi ci tyy 0f 7the 0@§§(§¥ RBlirkhgupLesent 1@%@9&51@& balds 0RS; LR, Shown i n
kinetic studies of duplex formation that the slower dissociation rate of

LNA- cont aisibgy T@@F’ﬂi&ib exes sty o vl RN &r ehickestidw fot exclyebi inglozighi on
perfor MANGE AR %R0PAT ?gi}otdg of Jl%m@ém HIQ’EI i858 %10}1_9&(111”;5 affinity of these
smodified bases can be used in hybridization assays that vequive high specificity, selectivity

30 and/or reproducibility,

[0180] in some embodiments, the modified base presont on the allele-specific primer
comprises one or move LNA modifications. In these embodiments, LNA modifications are

not placed in consecutlive positions on the allele-specific primer. In cortain embodiments, the
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20 rigid structure of LNA nolecule could alter the way it interacts with
Taqg DNA pol ynerase (Larotta et al., Ml. Cell. Probes, 17: 253-259 (2003)).
D. Det ect oWORPmR26027 [ 0206] I n sonme aspects, the met hodsPoff/ush& 2882t
invention require the use of a short detector probe length with a high
nmelting tenmperature. Shorter length probes with hi gh Tm 25are necessary for
good aIIeIrc dr 3c\r| spec eal ‘ C
mut at i ons suched%q ”@\OC‘% gﬁpllt?e? ?ﬁdaglef X“m? eﬁ?o egéi a?%{gfngg N%mf jé?te not
limted topy odonstgnove), tqi»mmgw(mmy iam ebres;f“ icdemepr abese (Ahlﬁ)'ﬁirmﬁﬂﬂ akvi | | e,
lA), zip nuc l rabes, ro nucl ei ¢ acl r obes.
02071 | n e B menr e Riatdat bEror R B ote BB Gl kil B

ol i goner s al&nghdagic30hromuabautihdoN 30uauek &Qbh@ﬁ&\ fsuthicaisisabeute 16, about
18, abqut 22, abouyt 24, out .30, or any nunber in between. In sone

enmbodi t%‘”“f‘ﬁ‘é?#’rﬂ“é”fmf‘ &€ JBEEE or probe ranges from about 60C to 70C,
about 61C to 69C, about 62C to 68C, about 63C to 67C, about 64C to 66C, or
any tenperd®&i e It wrebarheshe ipoReg]-  hiiseive ol tiuht s ¥ ke detedidr probe

is a |locugpgpecifis dekect onaRr @B8HLLS ) an: LN, OtNRY T@%Qgh%&{pz%mut‘he
det ect or probe Is a5 nuclease probe I'n some embodi nent’s he 5det ect or

pr obe can {EGnPribsdsiampcNVOBH By, (Epdy renpgl drycicatgy of BARFRY CTETT" 4
JQIiT™ VlﬁgM %ﬁt é@ﬁ%ﬁ o d@%@a’ e ‘«Cﬁlrllgﬁ'h(:hr‘? ]raﬂﬂlne&e)’ec%? zgmﬂrfgot%i%{ 'ﬂ!%l €

Quencher Tm o Jor a passive referen ! sone
exenpllfry &Bﬁbodr 1iye n@rsuactnrre adethectar 1%&&@@%@@@@.@:1@?@% cortdiznin ooet he

met hods and rin d |n 3p6,..t he
di scl osur &8 C%ht% ““‘%m %% gra dzhé? m‘ b( refglol”7’ﬁj(*f\e7”‘|tr19“rtés/3 entirety for

10al | pur @;ﬁﬁﬁ&aduﬁ@&@ﬁr}dd&& pﬁrhr GUbER ;ﬁﬁh@dla%ﬁ;taﬁherﬁﬂi&nd@ti&@ﬁn@ﬁw‘nm‘ gbe is a
TagMan™ probe %@?I i ed Biosystens, Foster Gty agan pr obes are
desi gned Wit Y ri’ﬁ‘é‘ﬁa%“‘( %‘eéi‘}“’em@ PrOXRIS T *a“é“ﬂ ‘%a‘i‘““‘ 3 NRre 878 d Res.

25: 2657- 2@@&@'«11(#1:9%7\)’3)p(tif?m@ﬁ‘lt:gvtéh@v PGAkS, band RidB, BURREis Bl RbZ 89 3de@t exes
wthits con&ferrentar DNA target. The increased stability of the

dupl edés ils8@8%bti ated with a higher Tm For exanple, the Tm (650 of a
12-mer Tagman probe with MOB is al nost identical to the TM (66C) of 27-ner
DNA pr obe [(§82holn sawieB:mbotlinieats, deleralisho N Asteat presenhingheoprinesr apd abesacedVOB
contri but t ral y..0f. th een shown
Chat | 3 - e AT Bt T BARE roBafithiso il PRuBEGRG:, g BRAIE 1 £ ng
( Kut yavi n cettaiall, 2 KN T B é;t 8A@| 1@ dreld. LN:%;pﬁ&B-aﬁﬁﬂl(ez@lﬁﬁﬁx)/éenZ\/ﬂBl probes %f the

20pr esent nt i r ct a m c,. uence .eit her
speci fic t BWE 40?‘8%? ? QOtheéﬁn 81631151 aglﬁl{rl‘g “%P?P?g%ﬁ?n 5 BPSIURRSY 3% 1 om t he
al | el i20 valid atiltime@pokinst ﬁ[hﬁee totthe3 mopmelpﬁneeet teseaid, ithee S engnmdof the

amplificatio r od eneated cling using an.allel e-specific
p:rlpmar &Olgglﬁﬁt&lﬁg‘]ﬁ ofydaese t:mbmymenu F_(I:\}/‘x B nausonx %e iyprcaliy not plawf %1

consecutive positions of the prumer sequence.
[0183] iIMNA modifications in the oligomicleotide increases the binding atfinity towards the
complementary DNA farget. The higher atfindty is affiliated 0 the reduced conformationsl
25 {flenibility of the locked 3 -endo conformation of the ribose. Like DNA bases, LNA bases are
Hnked in by the same phosphate backbone allowing the LNA-DMA privoer to bind efficiently
10 its coraplementary DNA, thus resulting in 8 higher T ot the duplex. The discriminatory
effect dependents on the ability of primer binding to the genomic DNA and staying bound
during PCR cveling, This s achieved due to the high binding affinity of the LNA-DNA
30 primer. The higher Tm ot the EMA-DNA duplex correlates to s better binding athfinity,
Allele-specific primers with LNA allow for higher reaction temperatures during PCR eveling,
which enhances the specificity of the genotvping assay, compared o non-LNA primers with a

Iower T,
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[0210] In other enbodi nents, the detector probe is a Zen probe (IDT,
Coralville, 1A). A 25 ZEN doubl e-quenched probe conprise an ol igonucl eoti de
probe, a 80 2pM2602a0r ophore, a 3' | BFg quencher and an PATASR@ER/0ZEHM
guencher. The ZEN quencher | owers background and generates hi gher signal
conpared to traditional dye quencher probes (e g., 5 FAM 3 TAIVRA 5'

FAM 3’ | BF& 4 Ir|1: s'%l\%ehemlﬂo eﬁ%ﬁ 1%16 llele S etcﬁ?c’: p cfmer bi]e)&ker lE)ro%e aﬂa/e 1{ cge"tiegmr

quencher &ecr ases encher y 9 base
pai rs whi @kobB@omplgses PNAancbd@canenkud)eeA inamlﬁga*tm)umh dd ajkarewe@ﬁcpzrnaﬂd)ffersow des

nmore thor uenchi ng. Th ensitvit t.he ZEN e in asthe
endpoi nt Srgnariog il st R TR Hridh SRt B P T BERF I " cycre
nunber wher eNRAl ifRFatgemeéfitifCndagesduaidbilite td thembmb&ﬁdb@drd)):d yates red uc e.
[0211] In yet other enbodinents, the detector probe conprises one or a

pluralisty (@fsspi B iQMGHr&idtcds tﬂosé%ﬂﬁéd ANKY 81 thRePEN ALDNW ah8é:CoiRd Wit PNA)
nodi fications. Due to the increase stability of the cationic charges of a

ZNA pr obe 2resist pEagthohigheystapiliss aere quigkbnndgpore apscitisip eonareradie pONfral - | abel ed

ZNA pr Obeﬁ)N,fZ%le abes hays SN_BEEHic&5880n B86RE1IPNAORrand FEBRAr
sensitivity, high specificity, and increased Tm over standard detector

probes. | ntragiotIfhe greatepesehi hg iy reﬂ@qﬁei kyet lghes A npopd BNAsduplepnasprtbbe. Short PNA
r obes of cause a PNA
P th%og e&gn ’%‘*‘g’%tﬂ PR @oq}p@%gtese&e g sReal bask b RE

nodi fication Iscrimnation at the single base
| evel .10[ 02aRpptible to drgradatibotly meditasss, prwaste tekpeptidgsesodehag been sbbivydntibb eot i des

P, " Tad " ONAZE NS BRIl Bof S SRR RERRALE. Mol o0 bases

exhi b| t t kebndilnests aahlaﬂlelbypécdimnhseramlmﬂémmraobemhﬂaBNd cRINBind ek hadieial | ows
for excell e@ n i n nethods %?Cglflrg ssent i nventi on.

L r%tsrg%l sal enai?ei t§ re SeCon e . :
[0213] | n26FREECdRS4 Sr?%‘f‘?t SPTOCUR™EHEEY e (qaer?'é ob&% s desi gned
accor di ng N1asetnhE ElﬁmlrEghcinpImscwmdammmmemru, Bedod (1199@, Gﬁ’ﬁbﬁlrw ak,No.
6, 727. cl osur s, ] ncor por at ed reference in
Tt e et r drge vt i Foy oot P e B B Bo et EoprehEe T be
pr epar ed \MﬂU};Eﬁ«ﬁi&%ﬁl@dﬂﬁl’ths'i;tenhhﬁe&uﬁf@ﬁ[ﬂu’ﬁbb%x of a single DNA strand and a
fl uorophore at the 5 tenninus. In such an exanple, the 5'.-4-3uclease

activity qéisg) - %7@%19@%099&)’;{(9&1 §§<, L3R FhSRUL: J?z%erMm%toF 20 ear ;tnh@;f,%by
separating the | uor ophore fromthe quencher 20and rel easi ng-

f | uor escemteis grid K< N fhogopEce fb SYbmEnts hat ipaced E8n oY ffmf@)@eep eiiﬂe”*h'ybn di zed
to the tenplatg, §%§@M§u% é@&tﬁ@e%’@{@%& geaa@& @ R 0L o K FJ;' #ifei cati on

(e.g., at 60c--65 er enbo I's cova attached to
t he q@@ncmwmmpem;r ofz phiydity oCds ”‘xSﬁpeidﬁCﬁiilw%d?etﬂe@cd oke- \pmibxeeﬁ(ne g mctehrcough a

linker). the T 1[ %lﬂ’}‘ %1113;%1]&‘ ?gp Q(dzg §r§x \,Wﬁ@{iae EMHIQ%LSQ& g 7,1}19550(9%1% ﬁ'r* &n iused

the first and secoid detec bes are he sane an conpri se the
sane sequencei®r are the sane sequence.
[0187] insome embodiments, the ailele-specific primer coraprises one or a plurality of {37~
27y a-E-threose nucleic acids (TNAs). TNA can hybridize strongly with DNA and is a good
25 wimic of the A-form of DNA and of RMA. Due o the fnereased stability of a THNA-DNA
dupley compared 10 analogous DNA-DINA complexes, using g THNA allele-specific primer in

methods of the present invention can improve mismatch discrimination of allehic variants.

[0188] In other embodiments, the allele-specific primer comprises one or a plurality of
triazole linked DNA (TzDNA) molecules. Since TzDNA has increase thermal stability

30  towards matched itsDNA target compared to analogous DNA primer, TzDNA allele-specific
primers can be used in methods of the present invention for improved allelic variant

discrimination.
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E. Locus-Specific Priners [0215] In sonme enbodi nents, the | ocus-specific
primer is designed as a short oligoner ranging fromabout 15-30

nucl eot i Awe,208u2M02as about 16, about 18, about 22, abouPCZAS2@RO6t4480, or
any nunber in between. In some enbodi nents, the Tin of the |ocus-specific
prinmer 30 ranges from about 60C to 70 C about 61C to 69C, about 62'C to
68C, about to 67C, .or 4 ) n etween WO
2013/ 02003, UsETruRlaRaR s Ty rdSa e AT £ 0P e D EREG: 1 e
prinmers awrd:iused] uc,tihm,frq cms(tpﬂkmg 14S < mqb&ahé b G lomel nﬁhd{nmmtahee, secard

| ocus- spe |f| c.pri ner, ¢ se th sanme sequence or..are the sane sequence.
E A ity Rt ST bS T A R ee AL 8T Egs et 8 ChBres PR
practice of:hihe qarﬂaSEn&man@ﬂtir ﬂ“ial’bﬁ.cmwrnﬂ@ﬂoﬂdﬂsﬂhdﬂ itshecar o aili‘idx can be

derived froma number of sources abl e Mer ases bt ai ned,
i MATUR B A e ST R AT R it Ry
aval | abl e ségfcﬁfc ;ﬁ?ﬁ@ﬂ?fpl:ﬁ@mf ram»an@m qantfﬂys%o@ﬂwtwa a6l ek OmouRockvi | | e,

) usw&g0 hods that are |1 -known to one of ordinary skill in the

art See /Ogaboutﬁ‘s%‘“ﬁ»ézf e N‘@‘” Wm%@n Bk ergehre fé@r!iwgﬂ%a\ymbécagr own

accor di ng .t qustanganse @}n%@alaal, Q&! GRbkad RCHDLAUES 5 diSh Qag,uwbbtm@mrmh a and
i ncubation conditions suitab grow ng active cultures of the

par ti cul artepécieshophad 5. ar é“‘WéMmk‘H shideondnetof 6¢Tdt AErSEIERIN. Pt Bhe art .
See, 6109 1(1(8{199@&579111pk ';r! 0 nBat@)w%'fj!ngmtb(l%g(&Q bgét%n&%Z\&}%&%@)l of %m fm et al .

M. |I. Syst. Bacterial 102-112 Sui tabl e for use as sources
of t her nmostébl @Opmﬁy%r/fas@% T &%, Wéwmhfé?r%phBircauc‘fibw/emi WoPSPhEPS

aquaticus,, ;. hermt s thernophilus, Thermococcus litoralis, Pyrococcus
furiosus, .leyrococcus woosi i and ot her speC| es of the Pyrococcus genus,

Baci |l | us SO-.bl ob- us a al dar.i us, .The

aci dophi | Ewﬁll' ?Fn{f@'gﬁ%i ‘U?}é SPFHEHEST (BE ﬁ}( L“i‘ﬁgﬁ“gu%dﬁ Bk gig?iéﬂnﬁ'her not oga
neapol i t arays, Therdmt bgacninitdd i andsatheryispagitesaotesddres Theéskmipga genus,
and t hanabact erlumt@? autotro h| cum and nutants of each of 20 -these

speci €s. PrEFerapire” th EF bt O YiET asEs AR PRetldR ? PHEET St

limted t@rudhaq ANACROIWIRY agepicTne WENACRAlYBRASE: prkhd@aDINArgRk Yy ase, or
mutants, derivatives, or fragments thereof. G Quantitation of Alelic
Variants [FOPESPoMAYCERERH" ag pEET S RS HGHESTST CYeiairiof ALTHYHATEl | el i c
variant ofyig.t arget sequence 25 in a nucleic acid sanple conprise

determ ni ng an anount and/or a percent age of the allelic variant present in

Lhe samp! Soms| o anslandacd. curyeealablished, (rama aeldy Linegpost Live for

the allelic variant. In particular e nts, the anount (e.0.,
anmount20of zHeiekrdcdicacingr edl hy inig! thecani elif @\ﬁﬁamcarmryef pregenticisknt he sanpl e

is calcul at ln.nanod m (ng) or any other unit of weight) fromthe
st andard gu(&g%“(i’us%r%fh“[ﬁieﬁéfq (%ue In sone instances, the 30standard curve

0,
:?] based on th% ceIAllele pea cﬁ% kegParloblech/o nmut ati on for the allelic variant.

[0192] In some embodiments, the allele-specific blocker probe of the present invention is
specifically designed to hybridize to the a first allele and inhibit the amplification of the first
25  allele efficiently and selectively, without affecting the amplification of the second variant. In
some aspects of the present invention, the blocker probe is specifically designed to hybridize
to the wild-type allele and inhibit its amplification, without affecting the amplification of the

mutant allele.

[0193] Allele-specific blocker probes may be designed as short oligomers that are single-
30 stranded and have a length of about 100 nucleotides or less, about 50 nucleotides or less,

about 30 nucleotides or igss, about 20 nucleotides or less, or about 5-2{ nucleotides.
[0194] insome embodiments, the Tm of the blocker probes range from 538°C o 70°C, 61°C
to 69°C, 62°C 10 68°C, 63°C 1o 67°C, 64°C 10 667C, oy about 60°C to about 63, oy any
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ot her instances, the anmpbunt of DNA derived fromthe standard curve (e.g.,
anmount of nucleic acid carrying the allelic variant in the sanple) is
convert edwbaos/qae2¢cent nutation of the allelic variant pasas2an/o5tie2 cel |
line. [0219] The assays of the present invention have high selectivity and
can differentiate and quantitate a rare variant allele fromthe wld-type
glulaﬁ![ Iet a;rr\e/é,g?‘r;[ avé%%%iﬁﬁbngofn%f%}{be A& tsa!theoféitt_ utgﬁf aile?nd e&%% bpg} \%'Igﬁeo e«:[ 2 derive
deternlneab@ﬁEGaKOUFaﬁﬂmtmmt&ﬁmmﬂh uweamemnagaamEPFRegah@ehnmnmarlant
present in a sagg ‘£?€‘ﬁ$ In sone aspects, a standard curve is generated
for an al FBPIE“APTEH PP IGH ) cell line positive for the variant. In some
enbodi ments, a standard curve is 9enerated for KRAS allehlc variants from
the fol | oWI9§] pastEicreiwaren)s Has ol PIvFT R T s Tae RER aoiY ifigaiorg 2
fromtRe NCL;dR3uceldentd BEL o@;&%nfhreomrt;b@ehﬁof;Lth&taalf idokRSici&al gRudir om t he
PSNL cell line; GI2S fromthe A5 cell line; GL2V fromthe SW403 cell
line; GL3G Frbmit HEemiodmsAs e Pioriméfdeisieﬂt%mnf A ot pogErt FRtigs and/ or
QB1H fromythe, Hm‘ﬂtG&)tocgddlztulm MR- Jxﬂn@lbﬂe&mc@qukg%nﬁtﬁnctﬁ’: sh.andapd,curye is
generated for PIK3CA allelic variants fromthe follow ng positive cel

| i nes: ES54REtHr.ofn tHecisipas Lepf. 4uinesnyE54 5B tﬁ*ﬁét*?fitim@“&qﬁ ‘mmfem otfdrne;
ESASK T omdbhe ME il Geld pdhibess 0flon HIOATR fLomd e KRbg,celd uidne. In
yet other enbo a 'standard curve i s generate elic

vari anfs Ft%nhhhélfakwbwﬁﬁ@ mﬁtpmemmt®e®@elldkmn%sbmW?QQWWd@dMLgﬁﬁR from
t he H1975 I ne..an 7 E7 he H1650
cell line. E%Ftuél At{dc thsé%u n{) @e;’?f 11593,&@% g&L gmn oﬁ@m Ok 12 sgaéﬁi?rbga “?%f for the
BRAF VGOOEuﬁaxnaﬂﬂwmndmwiheh¢ﬂhﬂﬁt%ﬂﬂamdu me@nknmgmﬂmkmnsmanmeeam@a@tandard

curve is ted fronl S ti-on.on .a,series of
di | ution %”ENﬁﬂtgwéﬁ“ %’ gimuﬁnfldﬁﬁﬁﬁg bb“%f“ﬁﬁ§9ftoﬁ$9ﬁé “bosi ti ve
cell IinetegO£®2ﬁihmﬂn>amhéﬁmasmaebsmmmhemnembmds.QL4QMa@twbakmng¢an

alleli t tar S nan eic ac .S, Ie conpri se
PRI 18 T L e R TR S T v e e
t he sanpl exsifngs ais€adcaikb@t0nchasethoan an&hbandakd: GUENS s@ﬁltaam &shed froma

cell line posltlve for the allelic variant. In certain embodinents, a

per cent miPHEPEH BAlIEHARGP AUPeshorite ok aier 810 80P ety e st abl i shed
fromthe stigRdad-chicaunyes gl hesabl #k tyathafte o IRQani2Bcsial aulatog. can be
used to cal cul ate the anount of nutatlon in a nucleic acid sanple fromthe
O val ue ébtiarpredicrii it He BIHGEYT 6 CERE TN bR, 1 HE STWeXqm¥ednces, the
per ceny mtt&ttr%blat ctrtaﬁrlatgae&'emﬂ(fyl @bt %a'ﬂe;!%‘ﬁecﬁélb e RicSRiuBASEd 1Ryt he
assunption t positive cel i ne as a percent nutation of 100% f or
the all el iegd v%maélnte spfom@czlzyclqem‘ﬂpaﬂlﬂetrh%@ph@nm@tw helags., the anount or
percentage of an allelic variant present in 30 a sanple can be quantitated
by det er m[0i9%y &n Cmevapace, mbt)hjckmqutﬂaetrithtﬂemangéinbrtlycﬁﬁwgioassagrmdbstcetri bed
herein is performed on, ta| d f st andard
curve for " gnglpﬁph%m ]?Bl C@?ﬁkﬁlq (fﬁ 2 r%§%%55¥8ﬁﬁ?ﬁnb?hémﬂenotyp|ng
assay desetlbwetie bckr hm)namsefntsainlcdtybutalrgmwﬁﬁomt;elhgstermd:ly dinglesagdl e from a
cell Ljne S e for he aII ic Vv The st. ndard curve_.can then be
doed 05 aelBpi e REed 8 Selfund e G ROY AR r SHERIcr esent
in the poswdyibédisi@Rhddty tﬁebtgkmes@ahd the 1) naba&pf e piphasd @o@ar d curve can
al so be used to determine the line slope and/or line intercept val ues when
Q val ues | @i@bﬁ Aechh Ol enl8inRABI kil WS coRLLOL b§@t@@t&§aaa&c pbatt.ed:as a
function of the quantity of DNA per positive control reaction. [0223]

Fi gures 321%@51@&1@9?10&@)%@rbﬂtdprm“ftq b fexaipl ebooimbstiawdar @ eoredoskioes (e. g.
for the 5»&fgalntdk\e@,ﬁa@tt&lmp'%antt B3 hae A ng dbigapl Ko %t@ma Gre ,mtor
unknown (test d’ positive control sa and cal cul ators

quant i30at |antgn<tahe‘ ia@ﬁéuntloiatﬁd%%e Cpemeeiht of(ce “@Mmpé RiC epitonmilit stétﬁ)?d bf the

al l el ei c varjant £se n.oh; d from
The st andir i andior Bt 7 e VR MR L R BB B b VT

per cent nﬂﬁannemwpmxm&temuamedftL@nxt@@laﬂbunt of nutatlon with respect to
the starting anmount of nucleic acid (e.g., DNA) in the 10sanple. The
starting anmount of nucleic acid (e.g., DNA) in the sanple can be expressed
as a logio value (e.g., in nanograns). |In other enbodinents, the cal cul ator
guantitates the amount and/or the percent (e.g., percent nutation) of the
alleleic variant present in a sanple b4ed upon information such as Ct

val ues, line slope values, and/or line intercept values that are obtained
fromthe standard and/or anplification curves generated using the
genotypi ng assay 15descri bed herein. In further enbodi nents, the percent
nutatlon calculated for an aIIeIelc varlant present in an unknomn (test)

o o, . o b ) o Y e . o



| V. Exenplary Enbodi nents [0224] In one aspect, the present invention
provides a nethod for detecting or quantitating 20a first allelic variant
of a targ¥D28BgueNncte in a nucleic acid sanpl e suspect edPofi/usamfogi4azr | east
a second allelic variant of the target sequence, said nethod conprising:
(a) formng a reaction nixture by conbining: (i) the nucleic acid sanple;

(i) _an al[b@ﬁg %18(%' fd I Bk t’h %’poclge?l robe ﬂas acilgeox?/e}}?%ﬁ%eg nu%lttﬁgv;[l I1(91(3

portion of e SpeCI I'c pr irst
allelic vasaﬁnﬁamﬂmﬁh@mﬂam®pmvemquenemymaMﬁDNqugumxuhe aIIeIe specific
primer conprises at |east one nucleic acid nodification (e.g., one or a

plurality [@foopuct airg: @cidinimdl fi eRdid-OnS) blkkdsproRRaakd:ghRe Spegidde bl ocker
probe that is conplenentary to a region of the target sequence conprising
t he secondn“ér‘ﬁ‘élnl“bk‘\i??‘i‘a?hP“‘vi%féﬁcéiai‘f’“tdﬁéla"l‘ el SHEErHT €°bT 6EREY 3Gpr obe

conpri ses ;a.Roncexhandable Al acken) Mgt ¥ and alnciRasi. apenHeh 8lg. aci d
nodi fi cation g bg one or a plurality of nucleic acid npodifications);
HeEr

(iv) a det®ct ORECEEHA A0 PediisdbeEi R il Hmateop Haguapge,

conpl e”entc,@tﬁ%n Qmé:lro?g]'w Ofu0hoithe LA gﬁturﬁl@@%ﬂﬁefh 91%&1%1‘&1@@(»; F: M the first
allelic variant and on’th e OEP05|te strand; and ( b) carrying out an

anpl i fi cationss dadtiiconcon whenteacts @wcmmnamua@pmg 1@ sheress epledti fi c
pri mer an(i'l %Dﬁc ‘B!}T&!&% @%ﬁﬂlf I:‘{l{igh, ] ﬁEﬂbe %;E]r%ﬂ) 9&5.1‘, g}gl li‘lgigyn.b dQDlgumltw (c)

detecting t I CcO Hetectlng a c ange Tn a tectabl e prop erty of

t he d ect t here et ec fi.rst of t he

o g0 otoop” fiae a@n?fcﬁtedb% (%% Gk A e e e fﬁ%scnmmaﬂg AabEBiad . "the
nucl ei c a@nﬁemﬂdsﬁpﬁah¢mﬂ&ﬁ$cdmrmmﬁgahhmﬁﬂuﬁpe@mﬂanmmnﬂmmhusﬁmre | ocat ed
at the allele- i C nuc ot|d or e 5' -

o1 el'e. apatnpi R e e e AR sk b D pGtase Vel APy SR pr i rer
I'n certai beitodé Mmatch Hahi matd @ht@blﬁ@lﬁgbﬁféo@omﬂlbldﬁpleﬁoﬂi’ﬂfgl’ehe&ﬂ§altem or nore
non-consecutHy q¥cle|c cid dIfIC&tlonSh(£ 10enbodi ments, the

nucl ei ¢ acPE PR 84t EREILY 2f disqripunagng gagehe @&mlﬁl@mﬁlﬁdﬁs@eﬁ%ﬂﬁ&w sel ect ed
from tige grQwpAganalgti ng of |ocked nucleic acids (1..1",1A)" peptide

nucl eic acids (RNA), threose nucleic acids (TNA), zip nuclelc acids (ZNA),

triazole rfﬁﬁ)'l]a' &n ﬁcﬁ'{ngﬁdi QT%Mﬁ}mmé‘RQe ﬁ%f@gp@@%@ A Bz%rbaegf the present Imvention

comprises at least oneg, two, or more modified bases. Non-limiting examples of modified
bases inchude locked mucletc acid (LMNAY, 8-aza-7-deara-dA (ppA), Baza-T-deaza-dG (pp),
2 -decxypeeudosocyiidine (iso 40), S-flaore-2 -deoxyuridine (13N, 27-0.47-Cothyiene

20 brudged nucleic acid (ENA) bases, and combinations thergof, In preferred ernboduments, the
modified base present on the allele-specific blocker probe comprises one or more LNA
modifications. In cortain embodiments, the modified basc s located (a) at the 3-ond, (yy at
the 57-end, {c) at an internal position, or at any cormbination of {3}, (b or (¢} within the allele-
specific blocker probe. In some preferred embodiments, the modified base {eg, LNA

25 wucleoside) is tocated at the allele-specific nucleotide portion of the allele-specific blocker
probe, such that the LNA vucleoside corpprises the nuocleobase used 1o discriminate between

allelic variants.

[0202] In some embodiments, the inhibitory effect of the blocker probe increases as the Tm
of the blocker probe increases. Depending on the position of the LNA in the blocker, the Tm
30  can increase by 1-8°C (see, e.g., Koshkin et al., Tetrahedron, 54: 3607-3630 (1998), Obika et
al., Tetrahedron Lett., 39: 5401-5404 (1998), Wang et al., Bioorg. Med. Chem. Lett., 9: 1147-
1150 (1999)). A blocker with higher Tm can remain annealed to the wild-type allele during

extension, thereby inhibiting efficient PCR amplification. Kinetic studies of duplex
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[0226] In other enbodi ments, the nucleic acid nodification(s) in the

all el e-specific blocker 15probe is/are located at the allele-specific

nucl eot i wopRor}G26027and/ or at an internal position in thecCalusetienspazific
bl ocker probe. In certain enbodinents, the allele-specific blocker probe
conprises two or nore non-consecutive nucleic acid nDdifications in sone
et anees Bl S ShSo P TRUTASAL RO Bl BB B0 B G aRERL b, O ook
(LNA) , peptingechtvclupicgesad inaitSve([HM) It hahxlﬁdmn Siw&lrﬁhal tlamgi& stﬁﬁ(uTeNﬁ)LNAl p

nucl ei ¢ aci ZNA), .tria | e j.¢ ac 177 i ons
Chereof [ G959 M AekisHimaRBObRRNE eSiviaSh e b B & i GEREF P oty
conpri ses Prolwedi7t 2338259q00039). t he 3e-end of the allele-specific blocker probe
whi ch prevents the addition of further bases to the 3' -end by a

pol ynerasgg2ok @Iﬁotlﬂecddb&& EZMRQAEERN A ®ntibil) ek IroRdaR b s &k 0fk&Ta MDi ety is
sel ected fromthe group consisting of an optionally substituted Cl-C24

al kyl di olPlurgiy o ingnEficponsy s tone by diosnispiN 4 liglpged agthe mid-gesitgpdfonal |y

subst i t ut gl fockeRuAb& Y en @itk pBNHoLE AX RAE, lfRFent BRECAS of thdbiBcRf €F erred
enbodi ment, the non-extendabl e bl ocker 'moiety conprises a 3'-hexanediol
modi f i cat iSeHeRas, %ﬂé@rapm@m@l@pé@reﬁ clnspe R@bOférm@ln% LNAoppdiced #f tecoyariantn
enbodi nmen I i C i ncl ude
i mor g e R S PP e B b P froBt
non- eﬂ@endabhwtaﬂnﬁmO@R@mnwmlﬁﬁy does not conprise or include a PO4 group.
hi further enbodi nents, the non extendabl e bl ocker npiety consists
essent i al [[§20df O edlonlshaitswindre awp diptelspoafid lyloeimbﬁftobéswtreuhed;l the ﬁrsedlle;eL di ol
(e.g,, a 3 -1liexanedi ol i.fi catlo an o tiona t|tu ed . C2-(7.17,4
b keny! b e GiE st GRE YR StmeMba RS by KR PR Prgshty i ¢
sonme enbodyhire fiteSecdnld allaetslmtmrbmkaﬁﬁotféaﬂmrs it&®S oppokAGNAA{ b) caipdigentadrin
certain enbodi nents, nucI%lc acid sanple is selected front the group
onS|st|n§“B?mﬁﬁégﬁfh§€1 MSPHHEINETf i ne needl e aspirate, tunor tissue, and
conbi nati ons thereof. In other enbodinents, the first allelic variant is a
mut ant!Sal 184081 afrisanendhodivieatsathp allglespegiic Rimer anditheblggherpiohpkoth | el e. 51 n
part'CU'a%oﬁﬂﬂ%@)ﬂ@nTﬁnx&QﬁxﬂﬁhﬂﬂﬂmﬁE&H&ﬁ@o&ﬁ&h@@%KE&PMQHhéMS&é{m%B the
second allelic variant during the anplification reaction. [O In certain
enbodi menteshanedsehd spegifici ¢fehd assayanf iherresent inveatiomariglas bg@rﬁélowam lbeetlc
quantitat I
change 1 n CAGY gERLENT Ml fint A0 GR iR o 0F LI KAl SofilhElhe o
det ect abl eluatmoilﬁ’erandaamkgrlwhmﬁzatlev ebrformnncs@sreoremwtiuorﬂmhbél;latﬂzaal\@t afgar d
curve Jfor th n formng. the
nmet ho& rllgh Sy nt\l}%n i&\fﬁA %1911%%‘}1 u%]%lte?%l “UtP on n%te nuc\(iil ch'}@lg rélfcr% e froma
cell i ne(pa:rsntaa:twé, Mok berll(?ralbds,elﬁ. 253259 (2003)). | n sone i nstances, the first
allelic variant is quantitated by conparing the C val ue obtained for the
sanple with Ctpyal up&edtboPrdbee Standard curve. In particul ar enbodi nents,
the standard curve is used to determ ne one or nore & values (e.g.,

rel ative tozoshe s dsp@ts]hamuinls of thopiescat Bivatiod rdqiirt the ukostiadshwe cont r ol
e ha ot s R b SRR S SR BITERRY, . oot o
25  are necessary for good allelic discrimination, especially when dealing with difficult mutations
such as G—A or G—T. Examples of detector probes include, but are not limited to, minor
grove binding (MGB) probes, Zen probes (IDT, Coralville, IA), zip nucleic acid (ZNA)
probes, and protein nucleic acid (PNA) probes.

[0207] Tusome cmbodiments, the detector probe s designed as short oligomers ranging
30 from about 15-30 nucleotides, such as about 16, about 18, about 22, about 24, about 34, or

any pumber in betwesn, In somg ernbodiments, the Tm of the detector probe ranges from
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sanple froma cell line positive for the allelic variant. In other

enbodi nents, the anount and/or percent (e.g., percent nutation) of the
first al IwDi2013vas2ant present in the sanple is cal cul at @iThsgs@d/osen at

| east one, two, three, or four of the follow ng: starting anount of 20
nucleic acid in the sanple (e. g , DNA per reaction, which can be expressed
as a Iogro3 l.1e- 1 I ‘ 2 o) hght value; |ine slope
val ue (e tmﬂfﬂr:u juﬁﬂrd cur ’( f6 Eg“@ grc%k%g%él o ?é.gf? fromthe
standard @uﬁVEM%=@ndanomhmmaum@mSmthfneof [0231] In another aspect, the
present invention provides a reaction mxture conprising: (a) a nucleic

aci d nol eqedos8] 25{(): @toalutaleds paeddid wolRril MRus-Yhereknean @bibalerspeci fic
nucl eotide portion of the allele-specific primer is conplementary to a
first alldpPEeacaogincnss iy d@tart@rérw@éqaérf@@ CEETIOh &7 &I THEUHIIOE Especi fi ¢
primer 500@%&@@@0@4cah%a&rm@m@ﬁ nual ghenaghkgonndhdibGal L onstevgrgTione or a
plurality of nucleic acid_, nodi fications); (c) an allel e- specrfrc bl ocker
probe t hat'CFs".coRpl-erenbar yitd) & wegher ot he. Phry8oldossguEicd conpri si ng
a second aldsek hon VAl anheswierLiR I he alhehe-speeh bl l-ockersREabe.

conpri ses a non- ext endabl e blocker nmoi ety and at | east one nucleic acid
modi fi cat idetctgentgbs is 6préeref seroplitir @it yetphlsnod petelacios oy éalf?it@m) (d)
a det ect ok pr.ab J . % c ntary to
2 Tegi on of Tre LA BE LB g ol SRR LR A& ReTol e L PP € e P
and or0t hellgpposiit e strand [0232] In some enbodi nents, the nucleic acid
nmodi fication(s) in the allele-specific priner is/are |ocated at the

al | el e- spgelobdj c impetiedtricehecportd ah; dalctd peobb'is endhof“ phee ahbeleg- speci fi ¢

Spri ner, d/ or the 3'-end of the allele-specifigc,. rrge In certain
enbod mente. M RB&IET G ST MR R OB Sl Vol B o

nonI conseo*ut»irm;egra;?cmri@{ agl Gedroxh: f{]ﬂﬂcatwdlwﬁ){}lsﬁ’?‘uﬁ» RO erbodi menter t heI .
nucl el ¢ aci nodil cation In the all el e-spe reseecte
fromthe g%ﬁg&!ﬁ»%%* FE Vg %HW%&%&%H&%&!@% iaém(ttlﬁw) ”?r%@prf & nucleic
aci ds 16PNA)pictNnense el @l Chigkd 4%, (FINA amd, Biaug k@F €y @G BSmlZNAnan t i azol e
nucleic acids (TzNA), and 10comnbi nations thereof %9233 I n, ot her

embodi mentEletRE MUBIIRHECHITRIN M BF dat PBH{SY 2Tt R Al witkpeditGh

bl ocker probe s/ @5\@11 I 199@411@@11;?{@1 AR He s@l u%n SREE! fn'nf:f Dy }%erﬁ!l danpardd on
and/ or at an internal posr ion in the allele-specific blocker prdbe. In

certain ersddPifentlys dehveshalvp Bred é\@%&f?%rbrr@fcik@r*mepﬁbﬁéﬂi@oﬁ%r%‘éﬁuﬂ% or
mor e non- %@g@%gﬁd Y& AE! ?51) NElg /08?&1![{%1 Cv%tdx%%rr*baﬁbrz B gg%eéeﬁﬁsy the 15

nucl ei ¢ aci Fication inth el'e-specific probe is/are
sel ect?8d fromithengrouptoansi ts;tcﬁe‘rtrgt eafairrr@@wedaemwoﬂirérr@rban‘il@@ d Ny pepti de

nucl el ¢ aci ds,, (ENVA, L%j? ﬂ{gﬂ%ﬁr HG! dev ou‘? %ﬁrwm, EE;‘ &M‘f}‘ Ll gt ds (ZNA),

triazol e nucl€ic aci |na ions t
probe can detect the 37 end of thc ampimcamon product generated by P{ R cveling using an

allele-specific primer and a blocker probe.

[0210] in other embodiments, the delector probe is a Zen probe (3D, Coralville, [A). A

25  ZEN double-quenched probe comprise an oligonucleotide probe, a 5> FAM fluorophore, a 3’
IBFq quencher and an internal ZEN quencher. The ZEN quencher lowers background and
generates higher signal compared to traditional dye-quencher probes (e.g., 5’ FAM-3’
TAMRA, 5° FAM-3" IBFQ, 5 FAM-3’ Eclipse, 5 FAM- 3° BHQ-1). The internal ZEN
quencher decreases the length between the dye and quencher to only 9 base pairs which

30  significantly reduces background fluorescence and provides more thorough quenching. The
sensitivity of the ZEN probe increases as the endpoint signal increases and the Ct (threshold
cycle; the fractional cycle number where fluorescence increases above the threshold) values

reduce.
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[0234] In sone enbodi nents, the non-extendabl e bl ocker noiety conprises a
nodi fication to the 3'-end of the allele-specific bl ocker probe which
prevent s wWheosdds@27on of further bases 20to the 3'end byCa/gsetniersase. |n
particul ar enbodi ments, the non-extendabl e bl ocker noiety is selected from
the group consisting of an optionally substituted C 1-C 4 al kyl diol, an
(égt |C(2)2a| ! ﬁOZSllfP n}re er en‘lbo r‘r‘bl er{lé Iﬂlg r%lgte%(tﬁg?roge} Colmﬂonsespotng 8 epluy d? ZEPLI;[ ﬁéﬁ?

t he non- emhéadahheZNApmwﬁnpmmubmydaoapﬂKE@ﬁ)mo@ﬂeMQnﬁnmdnoﬂwnmdmﬁecat|on to

the all el e- c | ack 25 0235 n rtai n .enbadi nents, the
e 8t enaBiE oS %ﬁ?nlﬁﬁfaé%%? B EA AR O Bl el T el GRS For” or bove
S (e ot e g 1
e ot s S BT et RS B e L e R nt i AP Oiro S Bonar ot o of
an opt i onahbiMersHBsUindeht ﬁﬁdae&aﬂ% rabkiy k P@hpplbrols@ Short PAASHoP@ARRGr&knt

nodi fication), an oFtlona y substituted C7-C2.4 al kenyl 30diol or an
opt i onal | yOEhERYGap qiferchigh spesifioisy bagatsg p Palnomodlﬁw%rff@rﬁs%Blr%hleé(ﬁldzfdu ment s,

the det ectyperiRn@ahéh 4Pl ZShs@lcladMan(r) probe. In certain enbodi ments, the
nucl eic acid nDIecuIe is obtained froma sanple selected fromthe group

consi stin by b I sue,

and conblgat h@Q) ereo ﬁ#ngfﬁ§ﬁ&an%ggﬁﬁgﬁ%ﬂh%Oﬂﬁﬂ???%smgV%&?ﬁ%ﬂ%%%|ant IS
a nut dft ar h@ﬂ@c m«l:iartalhgs senpmdgd fodl iINAy BNAantNAs ZNfe aniribdsetnyplefical | el e.
L023T] 10 pieitip 0L Al ARRERLY Ll N R AR IR LRI OGS By GRS L1 on
conpri si ng: f ar an a e- gbeC|f|c

nucl eot i dengpBNAI, wihwhfalld)xhsafoﬁe;tclehaérmnsqmmahfdmcnpnnanem in isetb@iypl depntsarty to a
first aIIellc vari ant of a target sequence, and wherein the allele-specific
primer N%FFéé% at Ieast one nuclelc acid nodification (e g., one or a

pIurallty f nucle | nodi ations and a | e- speC|f|c
bl ocker pd é]tﬁ’éﬁ’t ‘%"é’“ ’8 1CE el % A 116‘"%% riﬁg%fri”ﬂ%w‘ R‘e‘“’&“as FeriidEdtidice

conpr iigi Ngridcisesondnahdeliberivarhant  pawhengigrthes ahd @h8ospegildi bl ocker
10probe conprises a non-extendabl e bl ocker noiety and at |east one nucleic
aci d nodi FICHETSH EEHDY obrechr & PRI tyPeposuctwiceads-dRBErTT cat i ons) .
[0238] In ﬁ%@?uﬁ@% ‘prﬁ%ﬂk‘.s?iii A RE: S0P ORIt 'id?ﬂmfl upthes IQQW 288 L£) a

det ect or probe; ocus-speci f pri mer % is conplenentary to

a regi on oK %ﬁiem@afrf@et‘ f@@@j&!@né@bf{»haﬁ»wmw ﬂf&r‘bmut‘ pree fi@tnsttf ok Ifed PlAvari ant
and on the, R?P?ﬁl Iﬁ E>% \wkt%§9(%r1£& 2 H%&@@gﬁd}ﬁfb of frdy Q%L%& cghc acid
nodi fication e e-specific pr Sis/ar ocat e

al | el @0speai fd Q;ﬁ!ngltiﬂeébmﬁde?ﬁb@mta dingont engtlpdingntsethd dgfctpheotagk kﬁ@‘lhei‘isqbef@ fic

primer, and/o . d he lel.e-speglf ) o o RalElo ain

enbodi man{?%{m Euh%& it Q%Ingx %tﬁglm ? nw}; o r%ln?r!élp § )??&I %esn'pﬁf\, a‘im;”P e&@(‘% &4 E?

non- consedmbmWEmnwdmﬁma adM&Emmdmhkmdyammsmimmmsnmmﬂmmmaﬂinénugunnhe

nucl ei ¢ acid.no % { 5 s) %hq §Ilele specific priner is/are selected
speciic deteciof pru s (8.5 ihﬁmg, 4 Hnfier)

[0214] in embodiments where two detector probes are used, the first and second detector

25  probes are the saroe and/or comprise the same SSquence oF are the 531 sequence.
E. Locus-Specific Primers

[0215] in some embodiments, the focus-specific primer s designed as a short oligomer

ranging from about 15-38 nucleotides, such as about 16, about 1§, about 22, about 24, about

38, or any number in bebtween. o some embodiments, the Tro of the locus-specific primer
30 yanges from about 60°C 1o 70°C, sbout 61°C 10 69°C, ghout 6270 to 68°C, abow 63°C 1o

67°C, or abowt 64°C 10 66°C, or any range in between,
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20from t he group consisting of |ocked nucleic acids (LNA), peptide nucleic
acids (PNA), threose nucleic acids (TNA), zip nucleic acids (ZNA), triazole
nucl ei ¢ aW0OA8130g0dA) , and conbi nati ons thereof. [0240] POTASRER/051442

enbodi nents, the nucleic acid nodification(s) in the allele-specific

bl ocker probe i s/ are located at the allele-specific nucleotide portion
22?4 grn er@ﬂg’ %m d{'ﬁ %I t#}@f evms Osgtgt glzsgéﬂ ‘biief‘!’ieﬁ\ gl eu(c:t!‘d];) e imta?cu\er‘;segtti\?\geo In
nore non- mnseamftqr\ze: mumkiém@aamadmrmdmf mmhneﬁsma' e eosone of astiances, the
nucleic acid nodification(s) in the allele-specific blocker probe i s/are
sel ect ed fF8Mthe group consisting of |ocked nucleic acids (LNA), peptide
nucl eic acids (PNA), threaose nucleic acids (TNA), zip nucleic acids (ZNA),
triazol e nucl efc acrdditioRd] GRMPORERSS conbi nati ons t her eof 30[0241] In sonme
enbodi ms\nt@z t he &on ext endabl e hl (f)cker noj et% conprises a nodification to
the 3'° 13t PRymarrereyessRiieble f5hsdreticopiBerimrnt Y piiey 8tttk he

addi tion @hodMmtthesrt RRASAS bt Qertvd frdnr HGtRY o BoRRbY NMEASR tablehoRAlckdseu| ar
enbodi nents, the non-extendabl e bl ocker noi etﬁ is selected fromthe gr oup
H

consi st nga3e sHEBEE- fHraRTystits five i sl BUrTpRilia PRy B witesEtvonal |y

subst it ut ed,:GRrCR4 *@Jnl&ﬁ\ny:maTﬂAfﬁ%medﬁﬁ"P@&h apabl s ubstb bt edrClim- C24
al kynyl diol, and conbi nations theréof In a prel 7erred enbodi ment, the

non- ext endiBlogs BRbEKEE! Lkpiet i wonprityey ik tvexanedicol WbdT A9 BRI on to the
al l el qosp§C44f; 5§ bﬂzﬁ%ﬁf odRb 99\?1:@ E;Q;%%lu rc@n‘?@! &al iéhi‘?ﬂgggw[?%gkﬁmﬁlﬂﬁ

non- ext en a"bl e | ocker noi et does not I’I se or groove
bi nder ( MBB)z C¢1hlr@@ertﬂ!awm mctﬁﬁeﬁorecrméﬁnmtt@ e tmemom axvendablk et hkocker

moi ety do%?zmgl %E?qg th ﬁ%m?&d H%,'v}ﬁq o& FQesitha L OURy sk lnf %%t her pebodi ment s,

t he non-e Si sts esse nt|a oF consi sts of an
opti onal | y. sUBsLWmt%ﬁih@Z%&]’ Myb%di)sﬂm@ efcg jntal § sf-ﬂwexanemfid} P02-112

nodi fi cati gn) i_onal sub a

optional | )}926%)8 uttdﬂ? (3 u(,c.ris %umcﬁzﬁﬁ]‘ir minksm Lt fiIe) Tmsuié%/.é}&ﬁ@rnioﬁp} rJiuhurm
enbodilgentiserntheqgfdicst Talrkel th@rm@:ﬁlli@‘lﬁh¢1310a3cmll~ti&mﬁ;haﬁ’hﬁk&x&ﬂﬂﬂbhﬁ, second
allelic V%I’I ant | § t he gn l.d-ty gca[ e. %‘924}_4 _'Ig Cﬁﬁm her Fe@tl“ t he
present i nvehtT"on"priovi 8%‘11%“?’1%‘[1?@ TSN g Ao or® F’é‘%%’ﬂ‘t‘f s>

conpri si n@11tihia};1mkidowm@ucqnﬁp@;ﬂ@ms@d kAdepandedyadishs itbuted rigrone of the
two or nor contalners 5(0 an aIIeIeéemflcErlrrer ereln?g

al | el e- spe@FFe B ST, BEES FEROIGR% hBTBP[O8E 8@ B%‘&F“? EHFEPIREP Of §°

conpl ementigkYadQadohisl 51 vabdi@lobt iR AnRhtfofhahgtn SOGURNGEscRDE Wher ei n
the allele-specific primer conprises at |east one nucleic acid nodification

(e. g. ,2Oonéresr sogcipt UialeTopl toF Rt e ey Eerss AUE ndabiigrhs)ot lgrgd to. Tag

DNA polyrserase, Tne DMNA polymerase, Troa DNA polymerase, or sustants, derivatives, or

fragmenis thergof,
G. Quantitation of Allelic Variants

[0218] In certain aspects, the methods of quantitating an allelic variant of a target sequence
25  inanucleic acid sample comprise determining an amount and/or a percentage of the allelic
variant present in the sample using a standard curve established from a cell line positive for
the allelic variant. In particular embodiments, the amount of DNA (e.g., amount of nucleic
acid carrying the allelic variant) present in the sample is calculated (e.g., in nanogram (ng) or
any other unit of weight) from the standard curve using the Ct value. In some instances, the
30  standard curve is based on the cell line carrying a 100% mutation for the allelic variant. In
other instances, the amount of DNA derived from the standard curve (e.g., amount of nucleic
acid carrying the allelic variant in the sample) is converted to a percent mutation of the allelic

variant based on the cell line.
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(b) an allele-specific blocker probe that is conplenentary to a region of
the target 20sequence conprising a second allelic variant, wherein the

al | el e- speoi2bisgn220cker probe conpri ses a non-ext endabl @Cihluseke/srgt ety and
at |l east one nucleic acid nodification (e.g., one or a plurality of nucleic

acid nodificati ons) [ 0245] In sonme enbodi nents, the Kki t further
conpri ses tect pr.ob eci f rimer that is
corrpl enen t[aérl?ﬂ t g"h% assaéys O?Ehe CP'FGS?II}'I 1nven)[d onq}avé 91)51& 8?%%031\7#%31% Gati differ nf_t)%tﬁ] aﬁé th

first all guamgitatas raamaramt(hllele ftoh’rethe p/pidsyﬁeallslbr dhddatd ﬂ@pﬁ@l}e dssrys emrlso

o oo T okt S SRS R 0 E bR ohlbe i Ve PR A Py O

t he al | el @empgia, for Calpateele amdaet 0@ perdéntida@f Gic-aB6ld \afiattpessaltlied engieci fi c
prinmer. In certain enbodinents, the allele-specific primer conprises two or

nore Ngn- GENYLC U oA RApeteh @ta@@tcﬁcumds ifeAliddI0San IRISAIRnIRMRed] RNt s, the
nucl eic acid nodification(s) in the al el e-specific primer is/are sel ected

fromthe gPBtF fbihsivaianhgingpmp seReHMAYD2standaie Peye b ERyratchEBERAS nucl ei ¢
aci ds ( PNAJelictAFSRS Bom Wi B11GwiRS bolStive tdMlines? '@2@%&&% SW! 198 {iEY) . triazole

nucl eic acids (TzNA), and conmbinations thereof [0247] In other

enbodi ne nthl2thﬁ>@fl tha N@ite23zell dinerddi2Pi fean the dSsl74T welt hl@ 81 PR Ifiemsthe BPNI ¢
bl ocker pr.gbg,d. ?f 13§ ?rohﬁﬁé”‘f%%% Ay ﬂ&eﬁ%gﬁoﬁ HOSH oGl ng}; gﬁ%bqﬁ)npﬁéﬁ on

and/or at an internal position in t e-specific cker probe
certailfi eriﬁb‘blq:erhlémtﬁwrfeanalhle&l %@bém fahd%ObQ@kfkéomplna)Bé%miﬁtﬂesélsothwo or

fror e nhon- %&g%&gﬁﬁ;lacsé &sz%hl)% Y rfé g% <{ ﬁ%é&'&ﬁel*c'\}&n% Ih"t?etfé c@?ﬁ%st he 5

nucl ei ¢ ac e Speci [ are
sel ect ed fpogtivaded hgesoEMZi@frsms]na Sf@%ﬁ cellldmk;eEiMﬁDdTom t’neSup afi; célLM&) pepti de

i azol o Auererend MR TDa PP Rt MR Rl pashef) W come

enbodi manteﬁlbomhemﬁwmmmdﬁbIwgebbl@tekﬁdr BO¥Redl¢lic oarfanis S@on e MBiviigcat i on to

of 1 ur'® e BT 1By T RBER it jod ohy RsRRT e kg B B R dpa e T Oon

enbodi mentyB746tdee ffbﬂﬂﬂl@lqtlefmlllhﬁhe blrogk stherBRiRUncns, $@hREiEAriOfntAtIgr oup
consi sti ng%rt%?an opt i onal | ubstituted Cl -C24 al kyl di ol Ean optionally

substi t ut BRA Eéf%?ogmrém rogithy HTé%Cﬂbleqeoﬁ%W 1§%IH§F? fteadargeurypis

al kynyl  dicRlated #d¢h sepithindtHe@Bayd baneRbentibl of a RERE 6F digfios BPOMIANRRE 106,he
non- ext endabl e bl ocker noiety conprises a 3' -hexanedi ol nodificati on to the

al | el e- spdi k-0d. prdagr ket ng) Gp@.therspraggll ing- cert ai n enbodi ment's, the
non- ext endabl e bl ocker noi ety does not conprise or include a mnor groove
bi nder20( MEBR1] | fn eteertaapastsothh arcthodboidivaeiatag anhlclivonrien vénthadst ecqbéroek er

noi ety do nts,
the non - ot BREERIPES T Qimd SE U410 Ly B B ] bR o RGN S,
an opti onahtiant prelsit intth¢ gopClusing2icaluleydr bekicd bn ¢ stagdardc@vdh@rahedil flom a

opti onal 1y UisIRvEP b RS bl R b SRS eSS Bl
the first spécifﬁ:l tb @n widdlic amtiant & eatahlwsﬂaahfromltﬁeesltaadaﬂduﬁvbef sealuid vatidrel The var i ant

is th e allele. r enbodinents, .the ki.t further.conprises
Dot r st GHEU B s Sttt kel Blea R PR PR b ok b B WBpec 11 o
bl ocker prmkeué otaided £6h kRgn@Rodd Waik itvahtidhg I kend instsiced kleqet@nimithtgsnt  of
the tar get ﬁleaﬁelpccv%lrl!anq cgn tr)]euc%llc%iated%ase% on the assumption that the positive cell line has a

percent mutation of 100% for the allelic variant.

[0222] In particular embodiments, the amount or percentage of an allelic variant present in
30  asample can be quantitated by determining a Ct value obtained when the genotyping assay
described herein is performed on nucleic acid obtained from the sample. A standard curve
for the allelic variant can be generated by performing the genotyping assay described herein
on a serial dilution of nucleic acid sample from a cell line positive for the allelic variant. The

standard curve can then be used to determine a Ct value for a specific amount of nucleic acid
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25sanpl e suspected of having the second allelic variant of the target
sequence. V. Exanpl es [0251] The present invention will be described in
great er depDanis/dy2ray of specific exanples. The fol | ow RgTAKa0MRIOER4Ar €
offered for illustrative purposes, and are not intended to limt the
invention in any manner. Those of skill in the art will readily recognize a
variety 300f nongritical met er, b hanaed or dified to
yield esséjnets?nglIf&lep?lseltwseacr?gtaorlzsﬁl %elﬁm\l\%flmr?pﬁ aﬁ’f % &ar(? &V nalsm%gﬁlse qnot ypi ng
Assay Met hletdnhmg;he 1in® AR ankdiog Mn@mﬂer@ppvaﬁlles wdimeCevdhwd lobmmbd 6 thehp@sisioerat i C

mut at i on detetlo ass f the inve . |f|c

ot mer and i aTRR e LR e o BsBR SRR p B S DL g Y o PeGefotRRgre

nucl eoti de_pal ynor phism (SNP) to be analyzed in a sanple such as a bI ood or
5 fine neéQﬂD 28] a&uFesBé-30 PRy eg@ﬁﬂun@tmgm@maleﬁ &f %a@ﬁ@ﬁufve@l%sr fereriordin

conpri ge ol Mﬂtr&%@ﬂnﬁle@ ﬁﬁplﬁicﬁﬁd%r@% (& heroBumk@b@n A} anldpofiReLidnirel for a

variant (e.g., nmutant) alle whereas the allele-specific bl ocker probe
can conpr |S§1@p155)h?élfé&ﬁlé@af@rs fall %R@ﬁtl%th‘éwow apdhiBe BETCeh (- S rigTeaNt INERtEAN) g

posi tion Qﬂh‘é’%ﬁ&el@t}%nt Eregeﬁt ﬁtbcslaﬁ"@fe'bqg'eﬁ u%on B&‘orﬁlgﬁorpétﬁﬁﬁéﬁrfrdm{h%tsﬁén(ﬁa?d g., in
the mddle of the oligonucl eotide sequence) that i1s specific for

wi | d-t ype aad/peqreplificgtiqnepsay. Misertais sahodimenis diee mrceﬂmutpm@@émlcqlwbﬁ@mon can
be per forgRd, dtiof 3 thllstiRidg beid aniARy type
of real t?%en%?ﬁr@?rtbongﬁt ng?(%[né)%gsonle gﬁlog{gﬁfwéllﬁgt %Pﬂgazl eé/used
Exenpllfr y speplet Tonstoonglimounn st nualsiordal (blge DNV 1mvliersgnp1510agl@ ckpre@Bd@C: f or

10: 00 mm St a Re eat s 0,:.95. 0C f oF and Qr 0: 45 mm
[ 0254] Asl%‘?éb%‘t‘e% ‘PP-*‘“O ?38“4)1 I S T Tt ?nésn%gfaltcﬁator IRIRS lggéftec e

bl ocker praoder t@epgcent (b, peBiennkﬂandnl)lAftﬂalexlaﬁi@dwnian@re@onmalsmpled’}eée)i to the

hybr i patPoh RS ot 21 Bt ot vy 9obn il REy BhebhEt 7 ¢ LNa

primer") tobtainde fmttamtaraibidelne/oemﬁplifeﬁmmﬁwwtgamateai dsﬁig&hd gbnb@pﬁlglaﬁayl vel y
anplified wt and | ow background rticul a

enbodil ﬁentdﬁscrlp?fjgﬁegg‘ésﬁ‘?ﬁ‘h%k\éﬂiﬂé”élﬁ‘gf dResPereept \}tggoqqf}gcugfe& o an elﬁ’(ﬁl se ratio

and subst aatidndpleyenk ﬁ%ﬁﬁﬁndvﬂﬁ(té@dﬂsﬁbﬁlﬂb&elﬁﬁ@&g&l@{jﬁtl% &bl (e20 chrparpd e 2.
Exenpl ary Somati ¢ Miutati on CGenoty says for Detection of SNPs. [0255]

Thi s exams@@gququeHélp%wlﬁ@?rC%rﬁéwgl@nﬁf1 " & hegfels Yarentr i mers and

al l el e-specific blocker probes containing nodified bases inproves the

di scri m ndVi onEg¢mplaneFmbodigrentsnt s. [ 0256] In particular, Figure 2 shows
that the use of an allele-specific primer conprising a LNA nodification at
the 3' - end0224}Aln pig asiGER SheABRERNIVONtighef Oridesed Methed @pé@@q’fﬁng opllusakierin®5 probe

CO”p“zé' ngfﬂstlah%r E!ﬂ{t O‘Pﬂalr%yf'an er%@?n &wlcead(jsa ﬂegt%@ldf:llla% 'ag%'@s??guence

("+G' In er-L exane fication
"G125 bl o@kegonil NAelic viangt ol/ids targes sgiusise Smdrmetthmomprlalhg elic variants at the

KRAS G125 pol y@p” %Sﬂeﬁc‘ﬁ nﬁ,‘& Jlgg)-y%&%gfb dgc real tinme PCR perforned using

al | el e-specifi probes wi t hout LNA nodifications
incorrectly det e¢t)dcbﬂuhb1cmcel$empke of the KRAS G125 nut ant aI lele in all 308

of the cell lines..ne ve r the ant 7% 93,
CBTMG, Aa7S,  PCa i RSTNG Torsl i I Ran Ao Bl oftequlf g SHRC
al I el esspecific réak-spdcifee frRr patohplemdtatisioniy: fakd ke et ffite tpigetmer s and
bl ocker probes of the i nvenﬁ ion CONR. i Si LNA and hexanedi ol
sequence, and wherein the allele-specitic primer comprises at least one nucleic
acid modification (e.g., one or a plurality of nucleic acid modifications);
(iii) an allele-specific blocker probe that is complementary to a region of the target
sequence comprising the second allelic variant, wherein the allele-specific blocker
30 probe comprises a non-extendable blocker moiety and at least one nucleic acid
modification (e.g., one or a plurality of nucleic acid modifications);
(iv) a detector probe; and

(v) a locus-specific primer that is complementary to a region of the target

sequence that is 3° from the first allelic variant and on the opposite strand; and
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nodi fications correctly identified these cell lines as negative for the
KRAS G12S nutation. Although the allele-specific prinmer and bl ocker probe
wi t hout LWB2aBdi2b02¢at i ons identified the KRAS G12S nut aPCoOUSRI208E4KRAS
GL2S positive A549 cell line, the A value was 9 (conpare the "Ct" val ues
for 429 versus A549) V\hi ch was si gnifi cantly | ower than the A 5 -val ue
of 12 Observed a outan m ptdcagonre qon onthe reactu 1:?911 ﬁrlerlrlel Sthe'focugr obes
descri bed here IW’"tl%out hePng “bound to any parti cular H%ory, an i ncrease
in ACt val ues spmdnﬁc@heermalthmrem@mﬁt pn1nne1ttbe§ord1 aaniphicorabndn of allelic
variants durin addltlon of the dfled riers and
brobes of the ThgERYPERLEURR Wy Biubes s RREbE s bBkor ound
signal, even |ﬂm&ﬁ@ﬁh@ﬁ thenrbrdadtdigg ar fabundanadaaibf the earvdtlcehetiy e al | el e.
10[0257] Simla 3 shows that the use of an allel e-speci fic

pri mer “conpri sP‘r‘Fﬂ;g%laq_qk&“’rPgedl fication at the 3'-end ("+C' in "GL2R ASP-LNA")
and an allel e-specific blocker probe conprising a LNA nodification in the
m ddl e of 9381 oll} gEeuEtweicdE. ‘$equdtie acid ﬂméﬁcwwn@@m’@ Bl kReFIIE RAMPT and a
3' - hexanedi;gl i ndi gt'tﬁ@"i 6@ i 80 hudi D LR D PRk 6T er{dl\é%tﬁe AIRRLS Eé’c@ﬁc the
discrinmnation of allelic variants at the KRAS d 2R pol ynorphic site.

Al l el e- 1Dsipesiand/er at w3’ endref thoallgheseoifimpumars i Thgeredin enbodipents. fhicallpled mer s
and bl ocke r ct; e
presence. opeetlid RRASBSH it e LA ERR e RGhodEART Pk

negat ilfe fobodihenmihamicled ¢ced wodificationy makb 3llektdpeditic pppoiif/ire seleciéd ti me PCT
per { or ed (1P b ELBARES PGy RLIELS. 04 cker, Blobgay bk be Hvention
conpr|5|ng exane Tieat s dor Pified all of

t hese cel |lhrb®xﬂ@5€1ﬁ8 aﬂégsét\i v;eafa ofrc @E)a¢;ﬁza7KRASr:@&QR1mmmcmbmhw1®25183

Li kew se, Lgur 4s oxvsthat the use of an aIIeIe-specific pri mer

conpri si né”rg jlr_‘fiwnrrﬁﬁfkf cation at the 3 -end ("+G' in H1047R ASP- LNA") and

an allele-specific blo probe ¢ ri.sin LNA rodi ation ip the

mi ddl e of I6HET of @B?fué‘ﬁ’é‘gfffi‘fﬁe‘g Efieﬁg %S C?twn@m?otg “ER. P%@R}xef) and a
3' - hexaneghide 1@@”{:&?@@&?&%’11({)‘1&9@9\1ﬁ@nm‘?ﬁﬂéﬁ7 yrdon Diaskedr ikfdAa) pdsih@yes the
discrimnation of allelic variants at the Pl K3CA H1047‘Nﬁtpol ynorphic site.

The al | el dhesllalerspralinblpehst Pighd BIceitain PR thrithterrbighe-spegaligIpnker krabs ons
identifiedof eE{vb@&/%néﬂéQAz?ermﬁiaw ﬁﬂlél&ctmofh&%% H{#%?%%M ifye KPL4

cell Iine. wever, the use of NA and hexanedi ol - nodi f primers and
probes of nu¢leic geid srodificRtinréntn tha aH@b@meamqbéﬁcw nroherigars seloact fr% theesoupas ed
upon a co val.ues af, o TR !

upon a c¢ Ifégl?]sgénl__ﬁgﬂf%{:k Qlﬁaﬁggaea s (L(rNe %;?!gir}ﬁghgtﬁ:iélh SS[NRC 5&&4&.’ tnfaee& LN

nmodi f i20at i{6HS,). f:%hewﬁwam@(mﬁaluueglemﬂew@alkieﬁ“lzéft‘édiﬁwmghmw‘metthenf@it he d

val ues of the KPIA cell line fromthe C values of any of the H1975, H1993,
US7TMG, A3T®R27PCHy sodb3IhNS1indt28, thehm#@@eﬂ@bbbldch&sn;oméﬁ cdi;;seassaddiheaehn, an

increase in AQX valu di cares an |nth dis tion of

o en o v Panee Gt BorRths o daPEPe R T RE e 6 r S e O Btpr e s
and probesc ot 3t-bei &Wﬁn&mﬁﬁms ubﬁdramlarahlbyd1frleﬂlsmﬁ§ndnl't&tamdzBﬂc syper backgr ound
signal, even in sanp gs cont ai ni ng a bundanc TﬁﬁE’ the E E)g ?I | el e.
[0259] Fi giii'es 1"3”%& o T inToE® ‘8&5’& PR EP G 8{}@&1 Fe*l?i}c* Aritant

di scrixgi ng umz 1tk heEGER, TAROM @od. dzE&fl-?Rnh%%szLgymmmmnsu di@Sand
respective usi n%bt he LNA-nodified 5all el e- speci fi c primers and probes of

t he preseht‘“‘f"ﬁ@“éﬁ‘f’ ot Al g Eeg e Eoy e dhe 1’{‘?‘1‘%“?@? DErFET Hedusi ng
al | el e- spegiyfiiGs BB H@Jﬁm@ﬂ%@h&%%%&h% &&MBCI& Naopodi fications
incorrectly detected the presence of R nutations in all 7 of the
cell line Q. Jutan Gtk by 935 YR 5, PGC3,
400, w31 10280, ZE %I“ v b%ﬁ%‘s“)% ?nh&‘g%}’!’“&aigitig bl ng?s? docs Mgl P
per f or ned iusideg rakielress pecif (MUPT iTmersivamils rbﬁlﬁé@&ﬁenm‘« 1< p@ie@etsuielﬂf t he

| nventj,on ﬁ m()S!L?D%mL%T 5’},; Q%%Q%‘? °'1ch“’ H}]‘%Eéﬁ%”&; du%%tul,, d%”“ fied
all 77of t ve of * Bot |ons
correctly artdmbi“fhifeﬁiaitlh{eaﬁ@ﬁim?ﬁ@jmamdsﬂf@@x5858E&l pmmilaidWaeitHﬂt‘@tE‘cﬂif eell line

as cont ai n t h, nut t a es the ef f ect
o o e e AR RS R T s B A R i rt or once
of det ect ighg, @ auentitaldoebecol ntenestdisiuich as the Pl K3CA H1047R
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15 variant allele in H1O047R-positive KPL4 cells. Figure 8 illustrates the
ef fect of an abundant anount of wild-type DNA from whol e bl ood on the

i nt erf er anoeoBfo2derecti ng a nutant allele of interest sRCH/UBI0IRIE14KRAS Gl2R
variant allele in GlL2R-positive PSNl1 cells. As shown in Figure 8, the GIL2R

signal is still detectable with as | ow as 100 GlZR—positive PSN1 cells in
t he spi ke glgg bl ood i.ch represent.s 0..019% of e V\/nol e bl ood
boont " 50102380 B RfORuBATRL & Ik ERo FRIERNS LR oS A, P

Mut at i on 6&1b0d1yqentsgha&&3ch adit faoghiel i@gﬁd;{dﬁﬁﬁﬂ}]m{hﬁ@ x,ema«lmpi, e*s bd}d ustmat es the

screeni ngﬁ gorec . qncer (t 3 Za é ,{ r‘T ﬁ)gsence of the
Pl K3CA HLOA7R*VAFIPSRt® 4PTEe e h@“*t f%f-‘“ ﬂ e ‘HB et & ?‘fr?B sHEha™

al | el e- spelw firktaliblioekeiit ips ahhest dfclddne twse&mﬂtalla:lrmeﬁint@“theozﬁltlaypalange nodi fi ed
bases i_ncludi ng .25 LNA nodifica Fi gure 9 screeni ng
of 130 50e TG cemece: el b satererse sae o AR arseet B1EE  obser vad
fromthe rRegakdvie amhlﬁﬁicmrub@bndet ection of a weak signal can be

val idated by titration. The H1047R-positive sanples #532 and #528 were

val i dat ed MOLl LR @clrﬂaf?irbmb%fn{eﬁtst e ﬁ}ﬂ- Ql‘fglgvﬁll%@gf tH@ta?&'ErEén%%aﬁ# Qéquaﬁ:@t%d and #96

had undetectabl e [evels of 30the HL047R variant allel
concent r atoy gpisrpiane s, thl[eei@BBqYCIGrpr %mluq i vehidyaehange ig éhmh?ﬂahlte eoretiaef t he

somatic mytatdan, gRBOTY AR b1Es PSSR 1L ERLLAR ARGuLAD! Y

Pb&gm@:ﬁ§
sensitive, very specl y selective ust and can be Used to
test dbi nlacsalmdagémmveﬁrtﬂw fdettaélcluc anditern brigatiated by patfdralingthe aeihadosthen genes

such as K I Mt ati on
Genot ypi ngﬁﬁ, Ersmd?l Jﬁl\%%algﬂﬁtl&%ﬁuflgé%ggrsgmﬁﬁ frgﬁl? %EA%?EOS%Aggg@E hlge[hggM] Thi s
exanpl es ivhtianst Inesbe& ntstamcm;ptae ﬂss@mllethemmmstqlumtsmdaby @npatisg theﬁit gdnot ypi ng
assay of the.present in n i,on from Qj agen or the
ety el oy S Al oS o R O S
W th varyitmtalﬂmﬂmhﬁe@fus%m&nﬁﬁézﬁe @asort IOV eglusek. Jgsrela{tiﬁ)a&a}le Faguge 10
shows that the n Scor pi on asa n,.only detect 1000 cells in
ot he I e E ST iOY BT BE e B R et O b e e &irey

( GL2A- posivhiuvedbtdifdd by pefbigniB@Ms infekhokd toy the Snve@Sdn diya sbﬁﬁl wlatibisof nhlénefza@amr ast,
with the use of t he otypi n ? %éﬂ()f theeroresent wvention ("l nventive
Assay"), tHarlgiom asqegffﬂaf: p?%ﬂvgt p1 the pfielie vprpsf- enpithen cglod Wt%.éheﬂ?@loﬂ%t 100 of

t he S\M-11@n&¥@§petrdeﬂﬁ%%e|pkl%eﬂt%1ﬁam%n h&ritd ARM: MarvhUsr&senti@heGeMbR if EPr esent
0.01% of the whol e bl ood count ven at 1000 cells, the C curve vvas not

tight for chlgates bisel mpparit kBgo8e sVerihigs ©ajour phe Elloping: serine ewofa seri al
di I ut '2@” (ﬁ{lclﬁgla@idgmgéglﬁgle (%%A%@éﬁotloﬁ%lm% b@%@se&ﬁl |1§%SQ/hllﬁ§91 in

whol e bl ood (\B) 0 and 0 cells. I nostics
BEAM ng aglg@yarrmhermhléoi“ W@lghtb €& tvalpg line aloge valesfeist. |ﬁ@¢:n tms rdofurves; lingt ant

sanpl es as twcépggg%gg é;mg@ sohdlud 86t WS hARRKIRRAGRAY only detected the

mut ati on were prese and di spl ayed no
sensi tivi t[823ﬁ ? n ano er !clspec th!: Sr%gent 1nven(%10n prov1c¥es a reaction mixture comprising:
(a) a nucleic acid molecule;

25 (b) an allele-specific primer, wherein an allele-specific nucleotide portion of the
allele-specific primer is complementary to a first allelic variant of a target sequence,
and wherein the allele-specific primer comprises at least one nucleic acid
modification (e.g., one or a plurality of nucleic acid modifications);

(c) an allele-specific blocker probe that is complementary to a region of the target

30 sequence comprising a second allelic variant, wherein the allele-specific blocker
probe comprises a non-extendable blocker moiety and at least one nucleic acid
modification (e.g., one or a plurality of nucleic acid modifications);

(d) a detector probe; and
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Figure 12 shows that the somatic nutati on genotypi ng assay of the present
invention ("lnventive Assay") had a detectable signal as low as 50 to 100
positive wol2bs/a2002rhe WB m xture. 100 cel ls represent 0POTIAGSed12t0hE4Nh0l €
bl ood count. [0267] In sum this exanple denonstrates that the somatic

mut at i on genot ypi ng assay of 25 the present invention dramatically

i nproves the a c ared to.the Scorpi from Q agen
and the BEAM n£5sé°scus > erfaanPH%rs |€§C°‘Tl%ement%r¥§° ar, é)?\{}lég*t{g&%e‘i%w?cecan be
val i dat ed by t thariasi Somandittuchssaiyst anfl ohltleapp@saasur:mﬂ. can det ect as | ow as
0.01% of cells with a nutant allele in a background of whole blood with
abundant l[28e| s Iofonteniivindnisype nadidiebd@d mdgifRatdi(s) ih@e ARISeifiogyindescr i bed
herein is superior to the Scorpion and BEAM ng assays, 30i n sarrpl es such as
whol e bl oGt “EX &I '8° lo syt t &Mt 'at P'oH-esh ?%?Wgyff&s%aélﬁ *NRERHdol ogy

Usi ng Buclygiver, Acd/6r Magi I lcg@bf MO 8lc1d-GREBE phikks 18%adM embddidshy, ale@fcipul tiple
enbodi rrents of the somatic mutation detection assays of the present

i nvent i on SPIEHC RTHICE CRRRIGT B0 QrROTKIRAS GIFAT wsNEpiagEY reebitons tafrms

exenpl ary .ass@ahefQrthd hlcHsd 4t ﬁl@@ﬁ&ﬁi‘%n@‘ﬁﬁlhﬁéﬂaﬁlefg spbdific hImMENL/ARReledifl
particular, the experinments describ erein address the foll ow ng
conmponent dropf the peup seipting dfilogiof apdeis padd f0E prapHes Sl 49idntNAL t hout LNA;
(2) 3" en i bl. ( L 5 WM,

i P or ent o Oy B s ety Preana \w Thatt "R “Bharre) MHhe

conbi &t i @nmbrﬁwainb@ixemfs,pe0| fic prinmers and bl ocker probes with LNA and

w t hout LNA. 10[ 0269] The nethods described in this exanple are based on
real tine [e23B¢l énstha(ﬂnfbbdmﬁﬁﬁ ﬁhanmbém&di@tﬂodﬂﬁicwdht‘s)mth@@lllﬁ&ﬁjaaﬁbblocke@ri nmer,

an all el e-specifi det ect or probe. .The
ot varbegui Gt TEh R e bl e R A e PR i
di ff er ent itiatdll0R-spedificblagket prdbt. Mg ctien phBsRMERs, Gfc aaleléu;baﬂﬂic Bbdket grobs om a

wild type allele. In particular, the exenp]ar assa erforred usi ng
GTXpr essTﬁPWB%steéFW‘?r\f?r%n‘?rF G- Sﬂiﬁb*ﬁ“éb‘ 11‘?%1‘0%%[;5?’ Ca(“ﬁ tié““r pyreneaythe For Tt he

real - tjisme nRERc heid GldddRatidl® if Bk hDMk-BgcEYBIdRG ﬁ@d&dé/&ﬂe@éled’b@eﬁfr&ﬁﬁﬁ redipage 1:
95.0C for 10:00 mm and Stage 2: Repeats: 40 . tines, 95.0C for 20 m n and

60. OC f or consisgingphiochegspgfic E&iﬁ@rh%nffcwiw %%&A%%ﬁ%@‘if‘%éhimgu@@Aﬂé@say of

the presenptig \éi%ﬂﬁddéﬂ: LOAPFA8h NeL.AR n@zl Lel.8 i§ﬂ3&'§ 'cﬁaél% DR W ‘%%h;JwNA
successfully anplified the mut'ant allele wth 20hi gh selectivity and

sensitivit . € .y t

nucl eot i d Uz(s'ﬂ h% anﬁe g??% (“gggﬁlgclj Eﬂgmir&irinéﬁ %\%é&\{g?g Ikﬂéi‘““‘ 8 %‘?E(E:lt%gl d
(LNA) and twks 31-oshitia: aslteletdpemﬂc bleclgr plfobt weicppienerts thThédibdmdkent wpbobe had a
LNA angd a hex aned) 0 di f. ga a The det.ect r, [obe was a
Taq mangpr of)gi CLT dL ‘I‘le%nﬁerh%‘fm tIn §)am°f}tl'|ar em%ogiﬁel% q?e %%e”xr“gig%?tt Cl&fDCR assay
show t hat sthey bl sekakteai irpm@}l&afhgqba’dndmgdsi‘momthﬁai\m hutlsttiype Callleliie! and ao

sl oot velY SR e TRt BHOLIRL D) By rhuSDeehy PP ) © °

[0271] EXpembirefins #2rShoms: fdtatod éiﬁocﬁhd&ng Qlﬂﬂio&mjxfbgg .aﬁﬂaycl/@if mbfe present
i nvention has.inproved sel ectiyvi [

) ect, gé/ r|i e Sltl IIeI|c
di scri mi naf"inﬁ“r‘r"%ﬁe PREc PerldiapadP tieells ‘SPrEﬁl T%rB ‘a | ocked nucl eic
aci d (2LNA) gure 14 shows that a KRAS GL2A assa wi t hout
[0235] ?n certain embodiments, the nov-extendable blocker moiuw does not comprise or
melnde g munor groove binder (MGB), In certain other embodiments, the nou-exiendable
bloacker moiety does not conywise or inciude a POy group, In further embodiments, the non-
extendable blocker motety consists essentially of or consists of an optionally substituted Cy-
Cog alloyt diol (e g, a 3 -hexanediol modification), an optionally substituted Cr-Cyy allenyl

30 diok, or an optionally substituted {)-Cyy alkynyl diol

[0236] In some embodiments, the detector probe comprises a TagMan® probe. In certain
embodiments, the nucleic acid molecule is obtained from a sample selected from the group

consisting of blood, serum, plasma, fine needle aspirate, himor tiasue, and combinations
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30 LNA on the allele-specific primer and bl ocker probe generated
anplification products fromthe positive control (nutant allele) and

negat i ve wonnrgl2e2ni | d-type all el e) sanples. This enbodiPeEAiS2@i/os13e2 pr esent
invention did not show sufficient selectivity for the allelic variants.
Yet, a KRAS Gl2A assay LNA nodifications on the allele-specific prinmer and
bl ocker probe was able. to selectively.anplify th Ktive contraol sanpl e
and not LS nboart e Eandrar T i Purug Rkl « PRE IR G oA RE Tha
at the vawnaamt isnbcwddtypdell{ld) anplified the mutant allele with high
sensitivity. [0272] Experinent #3 shows that the presence of two LNAs on a
al | el e- spgeisf| c IpydtaRsthdrAsfect he pRNEht GeRBHRIrHGdR SSaMpbInRadritihe
performance of the assay.. In this enbodinent of the present invention, the
desi gn of two & pPRpielsyieifiePEmh heiew apelglesprmyic Bigleotdraromianiithenad a LNA
at thesvari ant yiued R fRmeTk coﬁliﬁl_@m@ﬁtﬁ?rto RIikBIe1iD ki SLaRd: ehidntd)

| ocated 5' of the variant nucleotide. The assay conprising the

al | el e- speci fi endowharep thgiailple specificarggr sampisepitdesstoncagleisigied bet t er
anplification angifRaddaWeL., Ge #alprgalkoIMicRidald mbi¥c£dRs)Pmalopl aced at the
3'end of the allele-specrfic primer and at 2, 3, 4, 5 or 6 bases fromthe
3' end. LNA cafb)bealidlegneeifigiblockes probsieht dregmpleancgtaryetad region ¢fdhe target

altele speci fi GuRblcBbmph el brtRRLARR A SARIR diBRLGAASAGYL ve LNAS on
an al |l el e-speci fic pri mer t he present 1nvention di hot generate

anpl i fl0cat i on probelcmumistye ndvecxgmdahfe bipckyumeictiGandepleatt onanwldicdoad speci fi ¢

Chove. that i1 TarigegnoR A B G iR AFAKRIRY, £ Gur o 16 a1 so

depi ct | el e- ific pri ith. si ti L Tof th
DRI o R AR AR e S A €L P

t he Irrut antgn@/bﬂ @ &)ocuslipesifip [){iﬂiféﬂ’thitai &cﬁ‘ﬂblérﬁ)edn‘tfe@y e regibﬁ ot &iddet @é[qha{ce] in ht he
sanpl e an enerate 0 ification products in the assay. [0274] This
exanpl e sﬂ&igr]jt ﬁ@n’é}q? g’fsb@algﬁ‘éﬁ?rfainﬁanﬁqunr‘r&O,ppB?lt?éF{%‘i'd'pr obe and detector probe
of 20t he present invention can conprise nodified base(s), such as | ocked
nucl eilé ad?Z9] LAmyompepriisenhuer andeigaqid mepiaytiong) in thi plécksepepifie PEMET aci d
(TNA),  Zi ppuelebe Al didANDnanekilkiiazalie, BlNfe 6TadNMne a*ﬁ'e%g@ciﬂg shows an
exenpl ary LNA nol ecul e and ot her nodi &f'l ed LNAs. Figure 18 shows an

exenpl ar y PRNAE, BiEoitai pieeix-cd ef thy altaledspeeifie peippt. dn gergdin ethleodgpents. flicgllplei mer
with PNA ' i our s ol Logur.e. 19 ;
25cont ai ni(S %ﬁ%l IF%%ES@P‘%‘%F i {ﬁeog&lﬁoer? 5%19%1%6“&%% %ﬁlg}r%%l agiraylﬁgﬁfﬂé:ngﬁ%ggglﬁﬁ c
primer w thbThNke{d, theanuelaguacal hodificdtights) in the gleteesp20iic promer isiarcexlestpl ary ZNA
ol i gonucl eot | | eft).and an.e L. QAN Jodi .1 ed allele-specific priner
(ri onel 7 &7 g o e e S SRR N e S P IR e f Ecul & (1 ert)
and an exempbamyclab kelie idpectip heclpe bergr (2MA hridzDNAcfeld ghts {TANANnakd gure 21).
30[ 0275] Ex%g.rjtrr_entu#%shovvs that a bl ocker probe with a hexanedi ol

modi i cat iFOn At PREFend i nproves the sel ectivity of the assay of the
present invention. Wien the assay was perfornmed without a bl ocker probe,
both wi | d{03A8k Ahefheripamt T e BUGkes e GRBITFHA(S s 319G SPeRdC ROFE unabl e
to be di seiduriinat @dslParihe dlictdRpBMUREE ndPdiad PortibiCa NP Qi BRInaPhostdE in

25  the allele-specific blocker probe. In certain embodiments, the allele-specific blocker probe

comprises two or more non-consecutive nucleic acid modifications. ¥n some instances, the
nucleic acid modification(s) in the allele-specific blocker probe is/are selected from the group
consisting of locked nucleic acids (LNA}, peptide nucleic acids (PNA), threose nucleic acids
(TNAY, zip mucleic acids (ZNA), triazele nucleie acids (TzNA), and corsbinations thereof

30 [0241] Insome emboduncnis, the non-exicndable blocker moiety coroprises a modification
to the 3 -ond of the allele-specific blocker probe which prevenis the addition of further bases
to the 37-end by a polymerase. In particular embodiments, the non-extendable blocker

moeiety s selected from the group consisting of an optionally substituted C-Cyy alkyvi diol, an
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present invention with a bl ocker probe, the bl ocker hexanedi ol probe
hybridi zed to the wild-type allele of KRAS GL2A SNP and hi ndered real -ti ne
PCR anpl iwpcaty@m2¢part 11, Figure 22). In this assay tRETrse@n05E4L el e was
selectively anplified (part 11, Figure 22). [0276] Experinment #6 shows
that the KRAS Gl2A assay of the present invention 5 corrpri sing an

S‘lr l)gleeaﬁgeﬂngnlaﬁ pubx%{tsd\e'j, (éhclffyéa‘nt/ L?Updl! Op 10 m?; sup%xtu ea P 7cfu dll Poli’ %migq{rg‘nt he
mut ant al |u6ihiélil(i‘3]&0¥$l€ﬁc,lw>® haontmeﬂrc)d aamdvdnmint ttige ztme,xmmdidﬁd yp&»azkﬂneive Part 1,

Figure 23 shows t t al e cifl rimer rrpllfled both the
wild-type “aiﬁ*af‘%f’g t‘“ﬁ (fdéfqu Ua#} ‘“t“flf & ﬁ@%%f %i\‘gmkﬁﬁl?rto Fi gure 23 shows
that the nutant allel]e-sp eC|f|c priner Wthﬁg singl.e NA at the 10vari ant
nucl eot | daVIGkat P Al e S nirEd 7o PHepr *fifvamﬂiﬁr wd PPHE TR RTT al | el e

and not t b Wil dnit¥i08:0 k0244 (EXPE L DRAL, #F . derRnsihal @8 & -bl:aekar probe
w th a hexanedi ol (06) nmodi fication at the 3' end of the oligonucleotide

per f or med PBEEEEFORTHAR S AOpTEBE Wt FelaieR Ephasphdl EUGOUPCEPTIYS i TATKRAS

GL2A assa}{xt"u‘?&abkﬁ@uo@ 6388 LAventLon, @DM LSIRG 20, %tku%'ai‘% speghthe priner
15 with LNA a he variant nucl eotide Figure 24 shows that the assay W th

t he bl ockérs ﬁ@)%aihééﬁ 2l 2 privhacpiet forifedicb et eptaw i hsRsfiowe £ Cr: Avanl t he
assay w th.t hk? CLPL@%&‘?{ ) P%u r.obe %{k»%‘ii £8 4 vs. & of 3L 2) The

flexibility o hy ropho | CI ty “the carbon chain allows the hexanedi ol

BngEﬁgt t ?%ﬂ%ﬁr I?rgl’ufﬁ%t hunbé;dumm lﬂt ﬁfsh ?%FStr%{nlt Fs% nlng[anq er ga:[%le gélctﬂrp ?%2 the

wi | d-type aaélloelaﬁanthshtﬁeazﬁléftipecalllellcy of bi ndi ng nay be d| m ni shed by the
bul ki ness and the ionic nature of the phosphate group. [0278] Experinent #8

dermonst r atj@sa} hat adtilRl epkerthopRiat ivediok NAvRRE b it BBEp @it @b ok okhe assay of
the present invention corrpared to a bl ocker probe w thout LNA Figure 25

i |1 ustrat €8ntpiRgE compisiadbe follpingcomaonsat depeineptyatistibyterinonaaf e Brocker
probe W t horlrdd¥hraindR; The nmet hods of the present invention conprising a
bl ocker probe with LNA and hexanedi ol nodification can produce efficient

and sdPective &nprpidlceerida pames Mhateincanadelegpgcsfic ruglepadpyportigraditiong al l el i c
di scrim nati Onalle[lé)%)%glhc gﬁg@{ hg&ﬂ%le#@nt%qg\@ ﬁI’slf'Qﬂehk N’fﬁan‘t r M&d@é&@éﬁ%e

al I el e-specific primer ocker “probe of the present” invention
resulted in hi gmf whesgie dicfalleleapgsificirmaar comprases ttHeashancameleiglatidl e of 30 t he

KRAS G127 SNP. Bl GHIEn30, S DV il DEn RS P ATLRSNAGPT | mor and LNA

bl ocker anpli fle ant al ositive con not the
wild-type allelte a(l akgdatpevidic bekerpirgbe tha[t 6280plchcpeni memtgidlef tbhowst t hat LNA

can b% strat egl cal céﬁfgngcfs?d aosre]:grsotnt G l1CO\$:alr(1gnt whe 91% t}%seea(i]lgl%née 1ttlcob10 [ove the

performance of “thé’ resent ‘1nven A shows the
conmponent s of plkbbe asHAILSs aﬁshecmbndaibletbieclexpere'tynmdtat leAs odeemlodmeazhd n Figure

27B, Bl ocker. l\l? nd Bl ocker.4. L ve the bl ocker sequence, but
the | ocati ons 81Pd 1ﬁa’[10n (e.g., one or'a plura 1ty0 nucleic acm? m%ﬁca‘uo ls

[0245] In some emboduncnis, the kit further comprises: (c) a detector probe; and/or (d) a
locus-specific primer that is complementary to a region of the target sequence that is 3” from

25  the first allelic variant and on the opposite strand.

[0246] In some cmbodiments, the nucleic acid modification(s) in the allele-specific primer
is/are located gt the allele-specific nucleotide portion, at the 57-end of the allele-specific
primer, and/or at the 3’-end of the allele-specific primer. In certain embodiments, the allele-
specific primer comprises two or more nen-consecutive nucleic acid modifications. [n some
30  emboditeents, the nucleic acid modification(s) in the allele-specific primer is/are selected
from the group consisting of lxcked nucieis acids {LNA), peptide nucleic acids (PNAY,
threose nucleic acids (TNA), zip nucleic acids (ZNA), triazole nucleic acids (T2NA), and

combinations thereof,

58



5LNA nodi fications are different. Blocker.l.LNA has LNAs at the 5 end and
at the allelic variant nucleotide, while Blocker.4.LNA has LNAs at the 5
end and awotbhs/@602¢nd of the sequence. The assay w th BIPOTRESR012D514MA

di spl ayed better allelic discrimnation and a |ower C conpared to the
assay with Blocker 4. LNA (Figure 27C). [0281] Figure 28A shows the

i nfl uence t he .bl.ock on,th rf f 10t issay.
Bl ocker. 6)%@0\ ré%th%{ rlni %‘fﬁﬁgg t&gn %lca dmo lﬁl??e\‘l}g ﬁgmge %lle?e ?peggﬁg% gure 28B

al so showgprdbaes/dt fcerenae: il Jﬁmahdnﬁﬂu%&&ueﬁhEmmﬁeatanbknmkpmnmmhmout LNA
and one with .t n ass of .the es v ntlo ocker probe
o RO R R p b b1city BRBE VR Blail BRRRERRTT i ¥Rty RogkelSORL | Br
better sersinpfiseh twa orante afif- t@i&ﬁﬂthd infeieid dcidomodificdtiogs. ih koind mpzenacarthant

15[ 0282] Ex Reri shows th t con on a b r obe of
AN T M e IS el SR SRy S
t her eby Slcgllﬂshsftlhg?@ﬂ%l%d@@&h@@&ﬁ@@ mh)ep@aﬁi &r\w&%cﬂwmheﬂmw\ sElgur e 29
shows t hat the pl acenent of consecuti (cytaosine (C conplenentary
to the wi [(G¥eyF® %icffawtdb(fé‘)méﬁ@?s bla%iéfs aaiﬁ‘% éé%ﬁ*eﬁ&émﬂé?w%wiww Id type
aIIeIe) on the bl ocker probe conpletely arrested 20anplification during PCR
cycling. [[Q%QB] 11F$®@1¢r@®9ms€ﬁbv®etlﬁaﬁht@miébm@tvdvalim‘» gampibes usedipyion

determ ne 5&'{@ ﬁ%z%}dlfe){e &EClﬁpﬁloéﬁ?%b@@g}ch}ﬂ%‘« §1§| ﬁ';gta!i {1$ryoi tglhferg quer At

val ue obtalne contai ni primers and es in
i ncr ed9ed tf Basi bnul st ypadnderss| dcpdrtigulay embOdlmentasbawmaf\mﬁéﬁ prledent

I nventi on. peiy jé‘ggrﬁ ﬁg’tld %Q%Vt\é &Q&‘ﬁé w@%aﬁé@% di\{%tkl)%g Ll%bt%i% J%’Ei” gt;f%@i i 1?? a¢ t h

val ues from 25 vari ous somnat
figure t ha;pnmraﬁv eiﬁfsmgmed W1 dikagi diaNAam:omt malnl *mg\apmtectréfu( am&vb}l&ﬁkeamd

perfornmed bett ] cont ain I’I(\ S nd probes
Bt h consstarroit Maet{ Bagi Tral SR Tyl el R PalEhole PR efhe Doe o
nucl ei ¢ a@bﬁmmm@aflBﬁ@h@msnﬁﬂﬁhﬂaﬁnﬂﬂdumbﬁdphm&ﬂﬁoﬂergwbaLhMQ in

al l el e-specific primers and bl ocker probes inproves the 30perfornance of

the gaRot y@i49y &ssAMinQintlneRReSeAtn-LRNERbE ONckdinkeW: 88« nbhengelestivity
and sensitivity for allelic variant discrimnation i ncreases. Exanple 6.

Quant i t at iIGHHISE HRY PRPEOHICYE OF - AP PRI N PRRTIPRESER T AU EHEP nknown

Sampl e UsiyngiSommtd, QUJ\AJL@MMJ?“ G@ﬂ%i%ﬁﬂ cﬂ}éh {A‘sr&‘?{y Sn i1[1*@12‘5:5411x;ﬁml%iaeﬁ@mlb
illustrates the use of the allele-specif prinmers, allele-specific blocker

probes, aﬁafcaé@é@tiwvfpﬁ@bfésfw*ﬁaamw@ Wfoﬁrv‘fﬂbé@ A as esione hgwantirate t he

allelic variapt o 9y B40K of ; X akh ene,
E746- A750a’de%§”tiﬁ%%p”o? ﬁg Rhe %Eg{éﬁﬁgﬁ E‘glr@%} S ! %%Qg%&aggnelg@% e

exanpl28 aldsg, drkh usittmamesﬂﬁ»ihaw hé€méltshipb&clof the invention are highly
selective in differentiating and quantitating the nutant variant fromthe
wi | d- type[&Hm]amvmmwkmmﬁmmahlmeﬁhhmkﬁm&mmmemghmmmumhaeamhmeassmys of the

resent in ntlon d be dto antltatlve
P ormat | SHarer s tLfe uh PG o froh e Eoa et Bk TP S MBA oot y pi ng
assays welgtpetonorirrek (bi&hd‘kgleféegpﬁﬁﬂcSplﬁiﬁérCaﬁld Bediibiespicitic Abdket gospRei fi c
priners and allele-s Ilglemflcrfb ogh ErObgﬁ§0f t he present invention
cont ai ni nrgl’etr"rﬁmgfoir aengipdpg the finst alielc vapipng o 1Y SCHRYF AR 2 BYLek & moi et i es
wer e uged s&rﬁplg Qlisp€died of having the second allelic variant of the target sequence.

V. Examples

[0251] The present invention will be described in greater detail by way of specific

examples. The following examples are offered for illustrative purposes, and are not intended

to limit the invention in any manner. Those of skill in the art will readily recognize a variety
30  of noncritical parameters which can be changed or modified to yield essentially the same

results.
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for the presence of the various allelic variants of the Pl K3CA, EG-R KRAS
and BRAF genes. Table 1 lists the nutations on the aforenenti oned genes.
15Tabl e IwoQersa2barrati on Positive Cell Line Source Pl K3SCATES4PEO0SMADA8 ATCC
E545D Sup Ti ATCC E545K MCF 7 ATCC H1047R

Example 1. Somatic Mutation Genotyping Assay Methodology.

[0252] Figure 1 depicts one embodiment of the somatic mutation detection assays of the
present invention. An allele-specific primer and an allele-specific blocker probe are used for
each single nucleotide polymorphism (SNP) to be analyzed in a sample such as a blood or

5 fine needle aspirate (FNA) sample. The allele-specific primer can comprise a locked nucleic
acid (LNA) at the 3’-end that is specific for a variant (e.g., mutant) allele, whereas the allele-
specific blocker probe can comprise a hexanediol blocker moiety at the 3’-end and a LNA at
a position between about 5-15 nucleotides 5 of the blocker moiety (e.g., in the middle of the

oligonucleotide sequence) that is specific for the wild-type allele.

10 [0253] The assay methods of the present invention can be performed on an ABI 7900HT
Real Time PCR Instrument, although any type of real time PCR instrument known to one of

skill in the art can be used. Exemplary reaction conditions include the following: Stage 1:

95.0°C for 10:00 min; Stage 2: Repeats: 40, 95.0°C for 0:20 min and 60.0°C for 0:45 min.

[0254] As depicted in Figure 1, hybridization of the allele-specific blocker probe (e.g.,

15  “Blocker LNA Hexanediol Oligonucleotide™) to the wild-type allele prevents amplification of
the wild-type allele, whereas hybridization of the allele-specific primer (e.g., “Allele specific
LNA primer”) to the mutant allele enables the mutant allele to be selectively amplified with
high sensitivity and low background. In particular embodiments, the use of LNA nucleosides

improves the signal to noise ratio and substantially reduces the wild-type background signal.

20  Example 2. Exemplary Somatic Mutation Genotyping Assays for Detection of SNPs.

[0255] This examples illustrates that the use of allele-specific primers and allele-specific

blocker probes containing modified bases improves the discrimination of allelic variants.

[0256] In particular, Figure 2 shows that the use of an allele-specific primer comprising a
LNA modification at the 3’-end (“+A” in “G12S ASP-LNA”) and an allele-specific blocker
25  probe comprising a LNA modification in the middle of the oligonucleotide sequence (“+G”
in “G12S blocker-LNA™) and a 3’-hexanediol modification (“C6” in “G12S blocker-LNA™)
improves the discrimination of allelic variants at the KRAS G12S polymorphic site. Allele-
specific real time PCR performed using allele-specific primers and blocker probes without
LNA modifications incorrectly detected the presence of the KRAS G12S mutant allele in all
30 8 of the cell lines negative for the mutant allele (i.e., H1975, H1993, US7MG, A375, PC3,
A431INS, #28, and #29 cell lines). In contrast, allele-specific real time PCR performed using

allele-specific primers and blocker probes of the invention comprising LNA and hexanediol
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modifications correctly identified these cell lines as negative for the KRAS G12S mutation.
Although the allele-specific primer and blocker probe without LNA modifications identified
the KRAS G128 mutation in the KRAS G128 positive A549 cell line, the ACt vaine was 9
{compare the “Ct” values for #29 vorsus AS4D), which was significantly lower than the ALY
vaipe of 12 observed with the LNA and hexanediol-modified primers and probes described
herein. Without being bound to any particular theory, an increase i ACE values indicates an
inprovement in the discrimination of allelic varianis during PCRL In addition, the use of the
modified primers and probes of the invention substantially reduces the wild-type background

signal, even in samples containing an abundance of the wild-type allele.

[0257] Similarly, Figure 3 shows that the use of an allele-specific primer comprising a
LNA modification at the 3’-end (“+C” in “G12R ASP-LNA”) and an allele-specific blocker
probe comprising a LNA modification in the middle of the oligonucleotide sequence (“+G”
in “G12R blocker-LNA”) and a 3’-hexanediol modification (“C6” in “G12R blocker-LNA™)
improves the discrimination of allelic variants at the KRAS G12R polymorphic site. Allele-
specific real time PCT performed using allele-specific primers and blocker probes without
LNA modifications incorrectly detected the presence of the KRAS G12R mutant allele in
several of the cell lines negative for the mutant allele. In contrast, allele-specific real time
PCT performed using allele-specific primers and blocker probes of the invention comprising
LNA and hexanediol modifications correctly identified all of these cell lines as negative for

the KRAS G12R mutation.

[0258] Likewise, Figure 4 shows that the use of an allele-specific primer comprising a
LNA modification at the 3’-end (“+G” in “H1047R ASP-LNA”) and an allele-specific
blocker probe comprising a LNA modification in the middle of the oligonucleotide sequence
(“+A” in “H1047R blocker-LNA™) and a 3’-hexanediol modification (“C6” in “H1047R
blocker-LNA”) improves the discrimination of allelic variants at the PIK3CA H1047R
polymorphic site. The allele-specific primer and blocker probe without LNA modifications
identified the PIK3CA H1047R mutation in the PIK3CA H1047R positive KPL4 cell line.
However, the use of the L.MA #nd hexanediol-modified primers and probes of the present
invention substantially increased ACtH values based upon a companison of ACH values of about
-0 for PUR without LNA medifications to ACH values of greater than 1§ for PCR with LNA
modifications, whevein ACE valaes were calculated by subtracting the Tt values of the KPLA4
cell Bne from the Ct values of any of the H1975, H1993, UR7TMG, A375, PC3, A431NS, #28,
or #29 cell fines. As discussed herein, an increase in AC vahios indicates an improvement in

the discrimination of allelic variants during PCR. In addition, the use of the modified primers
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and probes of the invention substantially reduces the wild-type background signal, even in

samples containing an abundance of the wild-type allele.

[0259] Figures 5 and 6 illustrate examples of improved allelic variant discrimination at the
EGFR T790M and EGFR L858R polymorphic sites, respectively, using the LNA-modified
allele-specific primers and probes of the present invention. Allele-specific real time PCR
performed using allele-specific primers and blocker probes without LNA modifications
incorrectly detected the presence of both EGFR mutations in all 7 of the cell lines negative
for the mutant allele (i.e., H1993, US7TMG, A375, PC3, #29, #31, and #32 cell lines). In
contrast, allele-specific real time PCR performed using allele-specific primers and blocker
probes of the invention comprising LNA and hexanediol modifications correctly identified all
7 of these cell lines as negative for both EGFR mutations, and correctly identified the EGFR
T790M and EGFR L858R positive H1975 cell line as containing both mutant alleles.

[0260] Figure 7 illustrates the effect of an abundant amount of wild-type DNA from whole
blood on the interference of detecting a mutant allele of interest such as the PIK3CA H1047R
variant allele in H1047R-positive KPL4 cells. Figure 8 illustrates the effect of an abundant
amount of wild-type DNA from whole blood on the interference of detecting a mutant allele
of interest such as the KRAS G12R variant allele in G12R-positive PSN1 cells. As shown in
Figure 8, the G12R signal is still detectable with as low as 100 G12R-positive PSN1 cells in
the spiked whole blood sample, which represents 0.01% of the whole blood count.

Example 3. Screening Colorectal Cancer Samples With Somatic Mutation Genotyping

Assay Methodology.

[0261] This examples illustrates the screening of colorectal cancer (CRC) tissue samples
for the presence of the PIK3CA H1047R variant allele using the allele-specific primers and
allele-specific blocker probes of the present invention containing modified bases including

LNA modifications.

[0262] Figure 9 shows that screening of 150 CRC tissue samples indicated that there was
no interference observed from the negative samples and that detection of a weak signal can
be validated by titration. The H1047R-positive samples #532 and #528 were validated by

titration, while the H1047R-negative samples #94, #95, and #96 had undetectable levels of

the H1047R variant allele at all concentrations tested.

[0263] In sum, this example demonstrates that the somatic mutation genotyping assays of

the present invention are highly sensitive, very specific, highly selective, and robust and can
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Example 4. Comparison of Somatic Mutation Genotyping Assay Methodology with
Scorpion and BEAMing Assays.

[0264] This examples illustrates a comparison between the somatic mutation genotyping
assay of the present invention and the Scorpion assay from Qiagen or the BEAMing assay
from Inostics on KRAS G12A detection in whole blood spiked with varying amounts of
SWI1116 (G12A-positive) cells.

[0265] Figure 10 shows that the DxS/Qiagen Scorpion assay can only detect 1000 cells in
the mixture of whole blood spiked with a serial dilution of SW1116 (G12A-positive) cells.
The sensitivity is lost by 100 cells. In contrast, with the use of the genotyping assay of the
present invention (“Inventive Assay”), the G12A signal is still detectable with as low as 10 to
100 of the SW1116-positive cells in the whole blood mixture. 100 cells represent 0.01% of
the whole blood count. Even at 1000 cells, the Ct curve was not tight for the DxS/Qiagen

Scorpion assay.

[0266] Figure 11 shows a serial dilution of KPL4 (H1047R), A549 (G12S), and PSN1
(G12R) cells spiked in whole blood (WB) at 10, 50, 100, 250 and 500 cells. Notably, the
Inostics BEAMing assay made the incorrect call and identified 14 out of 15 mutant samples
as wild-type samples. In fact, the Inostics assay only detected the mutation when 1000 cells
were present in whole blood, and displayed no sensitivity at 500 cells or less. In contrast,
Figure 12 shows that the somatic mutation genotyping assay of the present invention
(“Inventive Assay”) had a detectable signal as low as 50 to 100 positive cells in the WB

mixture. 100 cells represent 0.01% of the whole blood count.

[0267] In sum, this example demonstrates that the somatic mutation genotyping assay of
the present invention dramatically improves the allelic PCR assay compared to the Scorpion
assay from Qiagen and the BEAMing assay from Inostics. In particular, a weak signal can be
validated by titration and the assays of the invention can detect as low as 0.01% of cells with
a mutant allele in a background of whole blood with abundant levels of the wild-type allele.
As such, the methodology described herein is superior to the Scorpion and BEAMing assays

in samples such as whole blood.
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extracted using Q agen's DNeasy Blood & Tissue Kit. A series of dilutions
of DNA (e.g., 100, 10, 1, 0.1 and 0.01 ng) fromeach positive cell |ine was
made to cweans/em2al | el e-specific standard curve. |n thiP€TANR2MMRI0S1482 andar d
curves for E545K of PIK3CA, Gl12D of KRAS, E746-A750 del etion of EGFR, and
V600E of BRAF were nade. 5[0288] An allele-specific calculator (e.g.,

mat hemat i gal _a vsi s). was, est ablished fromthe standard rve, ner at ed
and ot he i e/l SRS PGSR PSS ALEARE MR RETE LT on o
100% For Malificofons.he cell lines the % nutati on was determ ned by using an
allele-specific priner that preferentially hybridizes to the wild-type
allele. | . i e . J I . sanpl e,
the sampl aal 10aS TN RS ke SRR SRl 8 b e BB OO
the Ct valasseyf afithd freseal ihednkion. vEritlanexaofpld, He K Ge2 vasapwald ghweoh assnng t he

percent nmutati.on cal cul.ator.tq, determ t.ne anmpunt an rcent. of  the
Darfane p SOUlE 5%, R Bl tnd S58HT ERyiPE R DefRMep B E Bt dar o
curve for dedeeib&d 3EAaddb&S Kiedbll@iing congponamnt ofxhdaskfie (MCHIeR-wpedific piimeas |t was
created usi.p t hods .descrj,bed herein. The standar. rye plot 150f C
Cab e ver UL R SREIAPSIALY Rr e o P L ARER b Jf Bt nale

anpl i fi catdiffstent Ty €5 bl Rkertprébetiivikn aidwBiRsHp L®3\; hifid(F) paicbabihstiom dfallge!l or ect al
cancer (Sanples A and nd the positive control (MCF 7 cell line)

gener at ed Sﬂ@iffe?dmﬂ?és @@E’ﬁﬁ%ﬁi%@36%¥ét§§“NAF?WI@OB?@§hOM the anount and the
percent age (percent nutation) of the nutant variant E545K present in the
sanpl 9. hndhipmetinds deserinsé incidisexpprle abeschonaeal 5y aBele-srpsifig IR inc

vari ant  presebiond@i Dok & pS@iPhSRe A ARLSEIHOFMS ) PR Brobalaguhat or
(Figure 320 . 1n parti gulfgatp, ?ﬁfé peérfceant rr%t atl?gﬁ[‘nv\és c%l_qgfo‘at’ead fromthe
amount of dataetat probe. Wihiematlgp wete degigndddo be bighly ngleetivoand scofititBNA i n t he
sanple. It : 1 . i of. 15% f or
the b keck EEGURRELTAaR A TRRAE ofy MRS R R M e @ 12 LS
per cent mpewicilen thefexdm@styfasvay thae perfmesdwaing &7t prese| aYlhse Mia ftoneApdsilt i ve
contraql.. t abl he tant, allele S detected in 20 ng.of DNA from
Sanpl 458, o995 oS S Pk BebBhe ROmiELRE) HMeRe Bh aosay of
t he pr eserbnditinendsiveal: Sageg U207t 0°Cyfott HeO0pemcarlt Sage 20Repdas: Mudmaeyt 93600 ant
present i 1, unkno | e. .The standard curve plot was linear in logio
scal e andqﬁzwg&%o‘gﬁgﬁqﬁtﬁt@nt he anpunt and percent nutation of the
unknown sanpl es. Figure 33A shows the amgl ification plot. and the standard
30 curve fitq70 hExpgRRsnEt bioys ot Pilig e L4y 2umaokther ey myeptier| | | ne.

Figure 33 B_oﬁﬁﬁ’éﬁg dohatelcap®difid preAdrivah INQkgecbRiullly WRp iAW udaNINRSyifty om
patients with pancreatic cancer (Sanples A and B) and a positive control

(LS 1787 dighiscleptiaty apdhspnsifisite 1§ e pabedimend ohthe REHb dycwfon; e viiads ent

i nventi on., b @ik eT 33 h SRS pthe AR as Aflo NSRRI A) an§ XSRS ReEN t he
nmut ant variant was calculated to be 3.25 ng or 9.6% relative to the

posi tive ebihedofnd JfoRarimar ghe kloder piobeikadracit™4 andhehergeedidl madidicE@EmR

E746- A750 et | ty g I 0] if he

per cent agé&gif %%l 'ce)ﬁhrfcﬁﬁa:eﬁﬁﬁélg)}éle g{gst : Er ngarél%t? @({%éLgﬁY%Eéllgé}/ﬁg)ngér;%F@{.s 0Ellﬁgeur e 34A
shows t he reatiicfPiCRaassayrshpl dtat ta dblskamdae diybudized t6 the wiklety pe7iBleAnB0 del eti on

of th E%Bcg(?d‘l‘?s itk S HERR 158! h ah kil afd FHLE AEBWRL R it AP hmpiRa

anplifTcatio
with high sensitivity by the assay (Figure 13).
[0271] Experiment #2 shows that the SNP genotyping assay of the present invention has
improved selectivity and sensitivity for allelic discrimination when the allele-specific primer
comprises a locked nucleic acid (LNA). Figure 14 shows that a KRAS G12A assay without

30  LNA on the allele-specific primer and blocker probe generated amplification products from

the positive control (mutant allele) and negative control (wild-type allele) samples. This
embodiment of the present invention did not show sufficient selectivity for the allelic

variants. Yet, a KRAS G12A assay LNA modifications on the allele-specific primer and
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pl ot for an unknown sanple (Sanple A) froma patient wwth |ung cancer and a
positive control (H1650 cell line) that were generated using nethods of the
present iwo0entyw@m27Fi gure 34C shows the anmount of DNA i RCBAIsRO1R/081442
expressing the EGFR del etion variant was 10cal cul ated to be 3.25 ng or
9.6% relative to the positive control. [0293] Figure 35 illustrates the
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shows t he caurq:ﬁll anumtlmhlovpé thit thand stvaitdac HN(Z;‘\LH‘[V}E vfanantmhﬂecBiaé\ET)\AﬁQﬂlEeml lelic
variant f t he | i ne. Figure 35B shows that the anplification

pl ot for IHWQIHE&H ?étﬁ’g'fgélsf%sftgé%l e A froma patient with lung cancer and
a positive caontrol (H1650 cell I|ine) that wer ener at ed usi_ng . net hods of
the presen?2?hy EXPITERnt ﬁ@Wét@S@eé’FFé%ePWév Mﬁﬁn Hilletsoresific Bime i A

expr essi nghd 1ep Me0BBBingALdad E}hpr@'ffedBMer%ﬁaﬂé@ betbalsgf hanibemPodi@en@r e 1. 2%
relative to the positive control. 94] This exanple shows that the assays
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del eti on, 120 BRAR MRORESERITY PHIRGIRS SAKSI hah8edohBERA () 1ABHS: SEAk e and
can be used to determne quantitative Information about an allelic variant
in a pati eptiant heciepdide ahlisl assayERanpiiee the ale-encaifigipngemyio P sGpgedlly

Het eroge“ bele¥a L&Q?%ﬂwl OeIkB teer Gt gﬁéaﬁoé]gﬂ&hslrosvglt@tsvaﬁle%p&ﬁﬁl ?} | oA REGTpeen the

| evel of cancer er a e percent nutation for a particul ar
allelil® vaoiacahat thof 3” el Glsodlelispeqgengimdrangast, 8i ¢ Stmﬁbases&nmltb@’ cadhi gh

Lovel of GUOKENALIAS L A0 volEhasler el A, ale@%?eage fiye Enzyme Enhanced

Reactive (¢ y, correspond ercent mut ati on for

t he KRAS Iellcv ant n pancr |ctu ! h CK | evel
correl at er?&’zts’g] aIE BRIt #‘Lﬂ}oﬁ'ﬁiﬂ@ﬁc CCYHYR Pﬁ}ﬁ ?O‘i‘?ﬁa n%ﬁ BJ“BT”I Elt c vari ant.
Thi s exam@k@emhﬂuaﬁtﬁcrnan@ﬁottgh@araté b]ﬁplﬁﬁvmdm @Gmmlﬁme a@sfayathluﬁe51t@&1eplaml e can be

assessed usin enot ypi ng assa esent _invention a CEER
i mmnoasséf) clgs gl?%gﬁ R V4B © UAive i@és @Aa) W[l?seﬁ i %éﬁrﬂanpﬁ‘fﬂlﬁioé‘a‘i ¥h Nos. WO
2008/ 0368QRovANHat ¥ 20 2 APRE 3o KRAS GlinCh@shikase. otlg\m' 16 I‘éls@"d@glagﬁﬁlléle—

i ncor por at ed, by reference in their entirety for pur poses [ 0296]

Tunor ti sSPREificTimea il six onteawivg LA W rOéﬂtsfvaflﬁmﬁPd%m@e Atth? EYAS HPLERINS

(e.g., Dbl QethearthAdAGRMena: giiérfﬁ’émhﬂamgl)e) THIMEMGShiled tb Betéet BRIdaancer
ti ssue sanpl e can be assessed by henatoxylin and eosin (H&E) staining.

Fi gure 36 ad¢lestheigampde wdr%l‘!erﬂtﬁ@)%ﬁn@é@@ilwo@fcwan ferissbal | cel | 1ung cancer
(NSCLC) tunor sanple. Figure 36A shows a section with a high 5percentage of
t unor cel [[827@1 h&hstekareplastroow theaickaipestic pnvoer, ldleties prob&agulcec®6Bobhofvs a

20  the present invention can comprise modified base(s), such as locked nucleic acid (LNA),

peptide nucleic acid (PNA), a-L-threose nucleic acid (TNA), zip nucleic acid (ZNA) and

Ny

triazole DNA (TzDNA). Figure 17 shows an exemplary LNA molecule and other modified
LNAs. Figure 18 shows an exemplary PNA-DNA duplex (left) and an exemplary allele-
specific primer with PNA (T in Figure 18; right). Figure 19 shows an exemplary TNA

25  containing oligonucleotides (left) and an exemplary allele-specific primer with TNA (T in
Figure 19; right). Figure 20 shows an exemplary ZNA oligonucleotide (left) and an
exemplary ZNA modified allele-specific primer (right; T in Figure 20). Figure 21 shows an
exemplary TzDNA molecule (left) and an exemplary allele-specific primer with TZDNA
(right; T in Figure 21).

30 [0275] Experiment #5 shows that a blocker probe with a hexanediol modification at the 3’
end improves the selectivity of the assay of the present invention. When the assay was
performed without a blocker probe, both wild-type and mutant alleles were amplified

similarly and were unable to be discriminated (part I, Figure 22). In the embodiment of the
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section conposed of a mxture of tunor cells (white arrow), stroma with

bl ood vessels (black arrow), inflanmatory cells (e.g., |ynphocytes; red
arrow); awo2a1duas7al veolus filled with rmacrophages (gr ®Em/Gsee10iy1443 0297
Cytokeratins were used as a biomarker to detect tunor cells. H gh CK |levels
wer e loobserved in tunor sanples, while I ower |evels were detected in

adj acent DL tehtsltzoali\%th a}/ﬁacqﬁf‘ ‘%é%& ellﬁloh erl 1%‘){%1'(3310? rogKhrP/ rrllqlzeg & BEY

nut ation & P VAT ant vartous gas r|c and
pancr eat i eypewitele oﬁﬁRﬁlS@lMNﬂEhr&ﬂnm@eedWeﬂttmmdﬁ ghdificalion (pwellsFigarr el at es

to a high ercent tat art| ul a a I eI [ 0298] Figure
S9AT 1 s ePhadis e Bh Al o v BBl AR I e & 1 over and a

| ow 15 percent nutatlon for t he EGFR T790 KRAS Gl2V, IGV&SCBlH or PI K3CA
E545K var il%0] i Fapieeat hshows dhat the KRGS ¢ hat agimnet thepeseniingentipRel y to carry

the SNB. Fbﬁ%ﬁn%ll@ie%@eémnér%{h A ol provekithdxBnadidll BRm$RAS G13D

percent mutation (e.g., 90% indicated that nost of the tumor cells in the
sanpl e ar @rqbejRBy (EVerse @ratltrtget%e%m epldisatiqni pjedust pyafis toghs mptaataligleni gh | evel

of | OK_cor rikaheSohohfn o OMeRRILER! B AHAIFCHAOInd Rk iR iR G12D

20variant in a pancreatic tumor sanple. [0299] "In sum this exanple shows
t hat the g&ﬁ@tswifwgorla@salpshﬁﬂﬂ boHethpwdd-évie andparnt dlgles ahthp KRised 144

cal cul at e d\fpe pRRNEC @@h@%tsﬁ% W Ofatthe AR dll%f%tsgﬁmfg’%’ﬁt%er%{ﬁpi stgle P}lﬁﬁ 2FHRP! €

further iI ustrat és at the percent nutati specific el1c variant
of an 16ncogemnit oudetide artedet thod’ reaﬂaf@@lptlmelt*n@@ﬂqbﬂemtmalﬂ@@/@idr@ttha cancer
bi omar ker . 1% anple 8. Sensitivity of the Somatic Miutati on Genotypi ng

Assay in Iﬂlscy m nating Tunor Cells in Wole Blood Sanples. [0300] In this

exanpl e, e ItIVI f the somatic tation enot ays of the
ot osent 1 NOEAE  daporat e el P o HE SR RO hAEREISN | s
mﬁt ation afe ml lf@tlns oﬂg@t@ld@h@@@:r@aﬁw &aeﬂmﬂ@ﬂd lotlcm Tzithwnpl{ofs@atd g,lﬁro@sl’l’yl ngb

the mutati Alle 30speci rimers and allele-s I C ocker probes
of the prég(g‘ﬁtl Wé%t‘?b%% Rl &PFE SHOUVFTIOE CARBRENSHH CESPERPAC primer

nodi f ijgat Ix@miwteaﬁhwaﬁﬁntIﬁtcttaﬁ&ctmgt@é 24 HRwRiRsMBeRaPlvith AR tifRe GL2A or Gl2S
variant allele. This exanple al so conpares the SenSItIVIti/ of the somatic

Op

nut ati on Gexeedipl m@bwsfawd&leﬂtrw@hm leweifet thaptBaessynwihbre Plocker &L RIBE ogi es!
cast PCRTMdudrakion, Asstay 2). [%Q‘Jekmﬁh 0§@1@§$/(§rb[¥ﬂobiéll\t/ﬁgf thR kR R fFldibw@ssay of

the pr esent invention (e.qg., nvenfl ve tation Genot%/pl ng Assay")

was test edhedxﬁw@ti@t blogticty f @dlﬁt welhirithevbeing steficalip bgidened.eAtthangh theel | s
(e.g., ?x&s@h&ﬁ gtlou{é d % 3“% ARG 9108%} gxg?t)e %1@%46%&6@%38 't}gﬁ A1Be athé’\ho' e

bl ood sa st sarrp es conpris With cells
of th&0s5Wefi®ianey bf bindieg fay be dimaiishied by teGuaess 4d,tEoOnic 12QBMT t@oo, 250; 100;
50; 10 or pﬂ tpHﬂQ Gigl I's per sanple). Genomic DNA fromthe test sanples were
extracted usrng ag'en' s DNeasy Bl ood & Tissue Kit. The assays of the

present | T?fzefgf %pr\:lylenge%t Qfagn%rnstrges%ﬁat a%locper pm“abe w1’91$LNA performed better in the
assay of the present invention compared to a blocker probe without LNA. Figure 25
illustrates that a blocker LNA probe had a lower Ct value than a blocker probe without LNA.
25  The methods of the present invention comprising a blocker probe with LNA and hexanediol
modification can produce efficient and selective amplification of allelic variants, thereby

improving allelic discrimination.

[0279] Experiment #9 shows that LNAs in the mutant allele-specific primer and the blocker

probe of the present invention resulted in highly specific amplification of the mutant allele of
30  the KRAS G12A SNP. Figure 26 shows that the assay with the LNA primer and LNA

blocker amplified the mutant allele (positive control) and not the wild-type allele (negative

control).
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10 indicated herein. Figure 38A illustrates the anplification curves
generated fromthe KRAS GL2A assay of the present invention. Figure 38B

i 11 ustratwe 20ts@02e02pl i fi cati on curves fromLife Technol ogCeAS2¢c12a85RERTM

Mut ati on Assays perforned on the sane test sanples. [0302] As shown in

Fi gure 38C, the genotyping assay of the present inventi on det ected the Gl2A

nmut at i on t he test aple Y& nor cells.
By 15 conﬁgﬁas Xp%{lmn%nﬁgnum 0 ﬁ’fﬂgg%c?nbeﬁmeg [F's ]i)la 8 eblo erl?/\g?e needed
for the casjuPREdMmesaythe fdréormesodlof the SINPvastaly aff tmm&smwnMn ch@quz)Z’eﬁsent

i nvention

ater sensitivit an .t he cast ay_for tecting
e GLoA KRG FEESHaATS 1 b il ah 5 iR EBRh, GRosp RR LGSR the Kias
G125 assa)BlmikeﬁhENpraﬁsemckerWMAlhmthm&uﬁleeoléﬂkaméqma@beahmwloapbﬂ«ﬁd with

56100: S50 LNPpmagTcg s e st Sk Ea i pi LN R et BT IR Al o o

bl ood) . Usmgu fhAQEine, SyhRiEAskerd. DIQﬂh&sLNA§utethé<5’tendgﬁd19tr{h@3 QM%mﬁethe test
sanpl es were extract ed. The presence of the KRAS GLl25 vari ant was detected

usi ng t he Sei&ase- dhe pyiay mﬂé%}%eﬁlﬁm#waﬁye&ﬁaﬂm allglierdipgimynasign aad 2 loxgt PCRTM

assay. Th@t%@rﬁﬁdr&dﬁé'tlﬁé’as?!y&1&@31@@1&@&@%@@7WEd Figure 39A shows the
anplification curves of the test sanples using the assay of the present

i nvention. i |

Technol oglle%ﬂ: : ugec%'% I%ihigl g‘g}%.lﬂ%ﬁ%ﬁ? T%gﬁgé@g%?g;}[oﬁi@ﬁefh‘%ﬁ) gjg(l)ertr?t%n?eno\fe ntion
det ectl@d ﬁltﬁeaSQyZBlwhtralt .94 hiaa Earqﬁ 58.8°Gai Bllackss 4 .21 kes aTQof @830 r Figetel s
(Figure 33Cp. als%ﬁowsff‘ﬁ?%f%ﬁc Oin% dlt‘%gré&%&w%é& 4 B’l‘c?ckelf- vhvﬁhoa? iﬁ(j« dgtgeted the

mutation in test sa es contal ni nor cell s.
Fi gure 39@1th|tbvusNAat élsasisdt)atoftﬂe@raganmtwpmanga lﬂsckayprotbe WinleLHA@méaﬂngharventl on

KA ot adm REBRt el SRS e ZaTar Gk RV Rt Bk B Se <+2°

denonst r attieswildgbe Viransomat i ¢ nmut ati on genot ypi ng assays of the present
dramatically inprove the allelic PCR assay conpared to the ca5t PCRTM assay

from Lisf e [I@ehnekpdin®si #1 IEReRPIHEt Bnsde¥@AIINKYonSPRBEKEprvbd St thOpredsrnot ypi Ng
Assays for Detection of Allelic Variants and Determ n| ng the Percentage of

the Vari adtveptipneogpigighe blogloapficatignof dhemypnt verigntdherelyesdenificanthet hods of t he
pr esent Irewa@;sh@nhé&efoﬂﬁa@@bfﬂﬂgaaﬁ}y mg&g@@b&waltmk@ﬁma&lagbfée pol ynor phi sm
(SNP) in a sanple and uantltatlnlg percent 5Snutation of the SNP in the
sanpl e. TiePRscainpphNAs4¢ydeinel (Clep ?fé@lt%rhé) the pédryneyaBint §ahgidesbages ug. |

cancer cel i ) the presence of
rare (e. gc,bmhuﬂlg%??qga}{el‘éﬁ# 9%%?{11%{&% h% %%?eﬁy%bﬁégg {%yeari'tseg%%l fic primers
and al2el emppbeitibn dulbiediieeycpnpbes of the present invention containing
nodi fi ed bases. In particular, the allele-specific prinmer conprises a

| ocked nug0283f @ipuet J0LINGYs it thbACBYal@ndart adsed ® depeaintite feoibilithef thar i ant
allele and 10the al] el e-specific bl ocker probe comprises a hexanedi ol

bl ocker n3FeY Prdifs selgstivaty. éfﬁahah%r ACtVRlEe a?taa%‘dgh thed NAROHHBINEPHIFE of the

ol i gonucl ggf }dBesSEAHROGE ifcdh@led fSastRIRE bid é%léccﬁht)lmhé"dské} JrYiR! % r@kiel e. In this
exanple, the allelic variants detected 1 nclude Pl K3CA E542 E545D, E545K

and H1047 RiveEERR Fieo M slm@sawalmdﬁﬂﬁelumreml@ﬂ@ted(mstl@th(Yalu@mRn G12S,

Gl2D, 2 ﬁn?cajs% mat%]l‘? &%%Eotyﬁﬂg ?S%ésn s@aﬁqa gﬁﬁ‘ ﬁ glgt wl{‘%&gﬁ&f‘w g al so

shows can peSuse ari ous sanples
from cancéJNsA -andhitingprimersnd bl @kerlpegasicd batte drapn tixodtir esshgd thatanotemed | ung
tunor, gast.ric ol on tunor, and pancreatic tunor; cell

lines (e. Srlmeisc?lngPfaoi’?sa‘}v{ﬂi:/‘gor?égecﬁg‘ge;rrll\lgf ine) and xenograft tissue.
[0284] In sum, this example shows that the use of nucleic acid modifications such as
modified bases (e.g., LNA) in allele-specific primers and blocker probes improves the
30 performance of the genotyping assay of the present invention. Likewise, the selectivity and

sensitivity for allelic variant discrimination increases.
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[ 0307] The presence of various SNPs was determ ned and the percentage of
the detected variant in the sanple was quantitated using nethods of the
present iwoentywm27such as all el e- 20specific real tinePPTRSaGIZAYEI42
establishing standard curves from assays perforned on cell |ines expressing
the variant, and creating a percent mut ati on cal cul ator for each vari ant .
Briefly, t | A sta curvef naI c.varian

det ecti on Eg%ls ea(’b u%‘ﬁgatfoﬁlvog%ﬂ rcenta%eo ]fe cvar albtslllrﬁsengglrt%aﬁjngfl Wtions of
cell ||ne§aprp$dUSIHQSGmatldMﬁtzaiohfﬂdnotwargAimhys The resul ts of the assays were
used to make a standard curve, and then a percent nutation 25cal cul ator for
theallell r t t I llelic
vari ant pi2o5h TR xR Bk E L N o B R L G T s

obt ai ned fpoabet, Iaed éaeqncbr@rob[eﬁ&ﬁ@mﬁg gmdlﬁeeﬂﬁasshm\manthzae the slitlicsvaoiitafoned by

usi ng re v on 1a.-get r ce or
absence) %§ gtzlﬁanléélgggne é% ,Ohg rE(E:it‘aA tgeﬂflt $A§§6 fl%‘étl%g‘oolflt}%w SNPs in
breast canees, os‘amﬂEeﬁ‘thel}kH&&EgerE&mlﬁ exiahglbBlso Ehuibdtes thﬂt%ﬁﬁethcﬂaBRthW 90M 30

L858R KRAS GI2A, | GL2V, RAF V60O0E.
"t wes detBERTEE FRAY St BIGR GHs A uﬁgngeﬁw%%@%ﬂ &1t %6 ent
per cent agesld-tipd Vieiasa mMeldRi®nalfyQ the ek Sdws s thefAdsagX@tRsse@dntHhOhibh al | el e
at 12% while test #33 expressed. the same SNP at 41% Test #2 expressed the
mut ant | variAeaEnd §95 bersed t%@?f@%ﬁﬂé@%@awsw&rﬁerwn PihSERISKB e, g, E545K)
at 100% which predicts that all cells in the test sanple have the E545K
vari adf. [[9286b] Smngtig mutztonsgeanRPing atsays| wacrerped pgpethodsalegnbedE5 45K and
HLO47R) Wit el ARIAGRERE el dn SRR kaliediobir BRAENE SR iningiast cancer
sanpl es. 45 breast cancer 5 sanples were screene or the Pl K3CA E542K,
E545D, E548Kaiamg nidndRaseh| mikicts agidranalngss andrw@lqyeqercre@i@tiewrmem ysethtogfeteche
vari ant le 6. The
results \Qﬁ% {&E@éﬁ%%@ﬁ%@%?@%@ﬁ?@gﬂ@t a véry I ow p%%‘ggﬁt age
(e.g., O.Z188. dAnkle i hsts theamphteony 3 e efgperagtienkddt0t7R at a hi gh percent age of
100% O her sanples that expressed the E542K variant were sanple #762 at 2%
and sagpl e #767 at 10 3.55% OQther saapleds that expressed the H1047R
vari ant were sanples#746 wi-th 89% mutation, #7775 with 51 8% nutation, #740
with 6.8% nut at i gn_ZeRes#749 wMukatipngoy, | nPﬂfSIFlMﬁCellhmﬁm Sowised 42 shows t hat
lung tunor sanpl ds PERHCHe |scr eBHRH £ or [SNPs SWI948 met Hod@E |t he present
i nvention. In thils_enbodi qent , E39® presence &eiTber cent Afiiat|i on of vari ous
15 SNPs were determined in 25 EYHE t unor sanl@s?  The |[SMEEG ncl uded Pl K3CA
E542K, E545D, E545K and H1047RjI0EGER T790M K®B8R and EAB el etion; KRAS
Gl2C, Gl2R, Gl2S,| GEZBR GI2A, TRV GL3C, GlLBMW7:nd QG1HAT@ENd BRAF V600E.
Sanpl es #352- 355 all exprlessedsRRK3CA |E545KHaD75100% whiAdicd ndi cat es t hat
all cells in these sanpl e§ havastAmgonutiant variant. Sanples #371-375 and
381 all expressed EGFR L848R afelclig®% 20 ThePB#FR E746 d¥i%tilon variant was
detected in two SanpRes (#164 @anda#38I) at &y Y11:0W r at esrd®.|1% and 0. 2%
respectively). The only sanmpledpcthe §et TRl p%pr esseq fidre BRAF VEOOE
vari ant was sanplfe #2I3 which @ﬁgDa motati on Pehgent a er[eru 2% [0311]
Figure 43 illustratesthe lebw(}ﬁRUUL aifed— g USTNg LlAertrEL hods of the
present inventi on—on—an—addi trongg 32 Hruran Wg@ LUIIUI ﬁm S. The SNPs
i ncl uded Pl K3CA 25—E542K—E545 545K-rand—H R M L858R and
E746 de| et| on: K AS C12C P‘I ’)D'C%I;Y 12D sWA'Qg\ P‘I ’)\ A;]@J{"lsD and BRAF
! F this O it atilod (& Js At
V600E. Sanpl e #9 tef—this—4 fhe g:ﬂlg rutatHens—GE25 at 0. 3%
GL2V at 2% and Gl3D-at 0. 3% 8 Pl K3CA E545K
variant at 100% QABBIAJ #25 exModHsed P aKCAHEENSD at 10 A% sanpl e #6
expressed Pl K3CA [HL047R atl 0. 0B980FSamplles #13 T3 19 30 ATKLC KRAS GL2C at
100% whil e sanple #22 had the sane variant at only 2% Sanple #22 al so
expr essed [0283] BRAPdvB0 QEanvitatd tharmaunt 5844 allthe vikRADIGERMN R @hicastmmas: pr esent
in sanple c e 0 e BRAF
V600E var |S§%?ar%usr§%&§ Sre%e§ é\é%?nﬂs?%%%]%g%{’ 4 ang n%? Ar%%%yrfut% n%fg%( 4 CJP
respect i veiny positive for that specific mutation. Because the standard curve is linear, it can be used to

A== A A~ I v i

&
5

20 quantitate the allelic variant in an unknown sample. Table 1 shows the allelic variants and

the positive cell lines used to create the standard curve. DNA from the cell lines were

68



[0312] Figure 44 shows that gastric tunor sanples can be screened using
nmet hods of the present invention. The SNPs included Pl K3CA E542K, E545D,
E545K anawBiR20BAR02EG-FR T790M L858R and E746 del eti on; KRRAFSGU2Q514E12R,
Gl2S, Gl2D, Gl2A, Gl2V, GL3D, and B1H, and BRAF V600E In this enbodi nent,
each assay was run with 40 ng of sanple 5(e.g., O the 17 sanples

assayed, #23 I S | put tlons u 2 at 0.001%
Glov at 28 %‘éféﬁg s %ﬁ\iﬁasypﬁe@c%ﬁ‘@sg%‘ew R s(ﬁ%‘iﬁ?f“?‘ ﬁo‘%&%@* “WRAS GL2C
vari ant wd80,det ecx lechdd@t01"dgp Wompecicenitiagecll ineseasplade #2ekdate arhadlcR§SMAc E542K
all el e was, detected in .sanpl 3 at %.angd, t R 0 l.l.el e was
detected iKY aéﬁf)lfrée‘#]lfg%‘s 8’?5%5’??%%68%?%% ?34%1? ﬂ@é%ﬁ)?@iﬁm{g@%uch as
breast camres-Agn0 déletny of CGFR®MI] VEGOE gfBROENeratiaad.i on of the SNPs in the
gastric tunor sanples tested was not higher than at 100% for any of the
allelig V%Z%Et %nﬁa@lél@%ﬁ&@ﬁc da@3ikdlr (&5 IMbBefiRicaNANE sik N\easl L@ Hlishsd ﬁ)@fh@liened from

using the nethods of the invention wth xenograft sanples. The SNPs
i ncl uded PRR&CACEE gcrapeg agthon the asumpten theghyrsitrerrl | PEISYBR and E746

del eti on; {{RASH Gt 266% %Bom%?t%e cCLRs tHeb? AvutdBb R Was &éerﬁl—r?é@by%ﬁ an and Q61H;
and BRAF V600E. The EGFR E746 del etion was present in sanplés #585-588 and

pr edi ct ed atlgeeecifie provyshet prefeeentdiy hybrigizesie theavipsl-wpe atfede. Pl K3CA H1047R
allele was detected in sanples #581-584 at a percentage nutation of 3.4%
1.2% 1% 49R891. S%deneempedmiamhlyt of pﬁl&lim]l iﬂ%rgmkeomssaiﬁplm%rsameis wahat KRAS,
BRAF and Pl K3 aIIelcv nts. ca ct ated in

col orgc@t al®™&ance usmgthem f'ed us né’retsﬁn mve{nho gﬁlo q?‘?hg ?uél’gge]rﬁ |1Letl/18rvl T0h. The
SNPs i ncl wiéd sEihﬂﬁIB@As EDhZK] uﬁ@ﬁ@perﬁﬁﬂﬁfﬁta&mﬂcd—}&ﬂaﬁaﬂp dkRASn G2 @moG@it2R, GL2S,
Gl2D, Gl2A, ,GL2V d GL3D; an RAF V600E. The data shows that sanple #121
expr essed PHETREA %ﬁgﬁéﬁa@%\@rfgsﬁﬂ%m ©%YPand PI K3CA E545K at 58% Sanpl e #130
expressed the KRAS GL3V variant at 54% and Pl K3CA E542K at 5% 25;0315]

Fi gure 47 [9398b Figuirstathews thabthe dpixtard arygfontha PPLICRS A dlislie verant 2k s™ can

be det ect ggb Mo 7qANhE tRLEHchAc AL hARGEs d6REBEEIEEh. TIRNEANaARONE BBt USI NY
t he met hods of the invention. The data shows that sanple #147 expressed the

KRAS Gf2DohkEvaraons PAF dneuwt wes Hveoy lpshgicelst Figgra&shavs awelificationy t he

sanpl e ar g, REefk R&@ﬂmﬁ%%ﬂdﬁéﬁ‘r&h R WA ST re%%@n@erﬁ%ﬁpl@sxﬁﬁﬁ’@ﬁ)egldt he
KRAS G13D variant at 24% and Pl K3 H1047R at 0.1% | e #163

expr essed tIKRaSt@ omtat (MAEY selbiliR) KICRIESSK tha 2cBOyPNG 35567 lﬁg’g@ BeC48
| | ustrat th
col or ect arTbnng b Elnd HTRGeARES BRAAR RS Ll RS iRl | ARERL SR IR

vari ants usthagarples. rﬂﬁlte}audsnt@fld the@cprggpaitent mugtion)on the BHeiaagetipsesetiows t hat
SOonme %f() t I‘1]1$ the %ﬁ}?ﬂlgsswzg%teﬁnfﬁle ﬁsallrllé ’&IX calculator (Figure 32C). In particular, the percent

mutation was calculated from the amount of mutation with respect to the starting amount of
DNA in the sample. It was determined that Sample A has a percent mutation of 15% for the
PIK3CA E545K variant, relative to the positive control. Sample B has a percent mutation of
7.3% for the same variant, relative to the positive control. Notably, the mutant allele was

25  detected in 20 ng of DNA from Sample B.

[0291] Figure 33 illustrates the use of the KRAS G12D assay of the present invention to
quantify the percentage of the mutant variant present in an unknown sample. The standard
curve plot was linear in logo scale and was used to quantitate the amount and percent
mutation of the unknown samples. Figure 33A shows the amplification plot and the standard
30  curve for the KRAS G12D genotyping assay and the LS 174T cell line. Figure 33B shows
that amplification plots for two unknown samples from patients with pancreatic cancer
(Samples A and B) and a positive control (LS 174T cell line) that were generated using

methods of the present invention. Figure 33C shows the amount of DNA in Sample A
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of SNPs. For instance, Sanples #207 and #208 expressed KRAS GL25 and Pl K3CA
E545K. Usi ng net hods of the present invention, it was al so determ ned that
sanpl e #2280 203pme3ed GL25 at 22% and sanpl e #208 expr ePSEAISLI1R/0SHHE

vari ant at 63% Sanple #207 expressed the E545K variant at 40% and sanpl e
#208 expressed the same variant at 79% Sampl e #215 5 had BRAF V600E at 1%

and Pl K3CA EL45K 5%. Saml e # V60 % K3CA E545K
ot 22 sanpraries i TBIR LRGBS oFT St ot kst R P, Sanp
#217 had KBRABIGL2V at 4% and Pl K3CA 545K at 9% [0317] Figure 49
illustrates that sanples frompatients wth pancreatic cancer can be

screened flex92BNRPguad 3l illhi@raRe f1ReI¢ ofitié BGFRIE78GA 76€ deledarramadayasrairy di ng to
nmet hods of the 10 present invention. In this enbodiment, fine needle

aspirate SHHIIYPHRNLO AHFHHOHE B AR O he FATINE KTRNLRESCR TP @B HBINOWST ng SNP

genot yBi NgaAsis. ay% uidSARThHRANB efplifbatibiNplbhmdRANE € 8L € fof alaeue Sarpl es
tested, various KRAS nutations were detected, but PIK3CA (e.g., E542K,

E545D, E5AlSRionafoacEGER geyeroy e §1650rceddivg: FigmmRy Bahew shattiq anpjificatiggo o)

mut ati ons SYPTD KRAS, vari ant .
The KRAS 8{& E‘/&fggg@gﬁ? gl?/\I/aﬁltsg (%r ese%? frgl%%#iﬁ ﬁaﬁm%&f&gcf and g%t

per cent ag&omtil 8l ] Rsclbiing Zogt worezogeraloq using mefHodsorf th€é>§?§él@tllil\&¢é11®l Feipl es #9
and 11 ex t S al so
RLEIB&L ¢ fngﬁn@g I%%F?n §%‘?ﬂ)l§% )%Ifsglgg%% EGPRS1YAbh @*ﬂian{/@

expressed in sanples 40 at 1.1% 7. 4%
5% 5%) 328kulbted 8 20 AYesglaitteity leyosilivecoBMPls screened wer e not
detected in the other pancreatic tunor sanples in the set. 20[0318] In sum
this exann0293ﬁe|ﬁ‘[gnset35aﬂe§ratehate ushef thoNa0ICBRARatsypbhife pesay mvaftionhe present

i nvention can. used to t.and/or quantitate allelic vari S in genes

e s KEAG AR BERE e T AR R P UG Sh RIS Bt RBA et hods. of

t he preseRhowstHENhplERata plbeint sRaldakdciied RE the BRANUVBOOH llcBf varlahetbt e vari ant s
rom tients.. Furt ernore, t he

i n cancer r tilss

per cent agé{%fg i F@Pﬁeléﬁ@é??wﬁaﬁtﬁe il SRR ROt R kY Plfed. 25[ 0319]
AI t hough t(@@nﬁl@A?ﬂ@ﬂnrﬁg)ahélﬂwllﬁfg daﬁ’cfer RRENpERSE EoRRUH 1656 0Bl tat WelbY Way
of illustration and exan(PQe for rposes of clarity of understanding, one

of skill igAnarHed wine Mgth B&P@&S%témeh%ﬁn Figurai i i%lﬁaﬁ&@sm@ﬁer o4 icat i ons
nmay be pr %ﬁﬁlbﬁque:@késﬁhgt}feh%oéﬁQ%n%fﬁl@&F aRpendede £bdk 088 nkr addj tion, each

reference provided heréin is incorporated by reference in its enfirety to
the same élebistto s pofitiekontrelef er ence was i ndi vi dual |y incorporated by
reference. 30 WHAT IS CLAIMED I'S: 11. A method for detecting or

quant i t at i[0&94h fIihirsgtcaraH)lb ehiave thed thicantay oéf the Iorasregeimvezsieq(@wlﬁKBﬁAdE%QKl eic

acid npl t {%ﬁ e elic va f the
3t arodl Seqpab Rt dRLRs oot SR BRAL SRR kTt SR PR ur e
by conbi nilexg; scale and can be used to determine quantitative information about an allelic variant in a

patient tissue sample.

Example 7. Determining Tumor Genetic Heterogeneity.

[0295] This example illustrates a correlation between the level of a cancer biomarker and
25  the percent mutation for a particular allelic variant of an oncogenic gene. In gastric tumor
samples, a high level of cytokeratins (CK), detected using a Collaborative Enzyme Enhanced
Reactive (CEER) immunoassay, corresponded to a high percent mutation for the KRAS
G13D allelic variant. In pancreatic tumor samples, a high CK level correlated to a percent
mutation of 100% for the KRAS G12D allelic variant. This example illustrates that the tumor
30  content of a tissue sample can be assessed using the genotyping assay of the present invention
and a CEER immunoassay (also known as COPIA; see, e.g., PCT Patent Publication Nos.
WO 2008/036802 and WO 2009/108637, the disclosures of which are herein incorporated by

reference in their entirety for all purposes).
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5(i) the nucleic acid sanple; 6(ii) an allele-specific priner, wherein an
all el e-specific nucleotide portion of the 7allele-specific prinmer is
conpl emrerwaryimoi2ihe first allelic variant of the targePC8dasquensas2 and
wherein the allele-specific primer conprises at |east one nucleic 9acid
nodi fication; 10(iii) an allele-specific blocker probe that is

conpl enent tg a reqion of the target llsequence conpri si the second
ool vtk el bRl aftior8 b d ke SR AR uf Bl Sl bnBoilae
non- ext encabdjgcebl mokemonidsed).y Tamor calls ineastid cavecrnisalecanmplachdbd:Bmashidfbycat i on;

14(iv) a detectqr probe; 5(.v | oqus: s LEic. pri.mer that i

conpl erontargorgnh Gb AR Jabd faup S RAERITKEABIREHORD S5 44 ¢ ne

fi rlst f al | ebh-emyidedlalohg @mdermgscne) QPROSInipte. HigaagoA @lmﬁkzsﬁ%éh)on(vamra%g‘tg OU]E an
anplification reaction on the reaction . m xture using. t ocus- 18specific
oot Sand T e BT G R G G ST ol e 45 o)

det ect i ng stdien 36MpdseOHf DMixeleE BChmBOcRs ARG stofle val bl ecpEIomRidky of

t he 20det ector .probe, thereby detecting the first allelic variant of the

target ged&oWh itflrametorny cellsi(e-Eabimpheaisst td arowkpad pivngslycods e Wil wher ei n
one of theyRtophQAStr@NQrBWE! €ic acid 2nodification in the allele-specific
primer is located at the allele-specific nucleotide portion. 13. The net hod

of claim 3[0%] 2 Cymgfaﬁﬁsr\vé?gﬁseﬁfas Egﬁ)nﬁl:kel E)ac{%{ecptﬂﬁlop&%.eﬁﬁgh CK levels were
10 observed in tumor samples, while lower levels were detected in adjacent normal tissue. We
evaluated the levels of CK and the percent mutation of KRAS, EGFR, and PIK3CA allelic
variants in various gastric and pancreatic tumor samples to determine whether higher CK

levels correlates to a higher percent mutation for a particular mutant allele.

[0298] Figure 37A illustrates that in gastric tumor samples both a high CK level and a low
15  percent mutation for the EGFR T790M, KRAS G12V, KRAS Q61H, or PIK3CA E545K
variant indicate that not all of the tumor cells are likely to carry the SNP. Figure 37A also
shows that a high CK level with a high KRAS G13D percent mutation (e.g., 90%) indicated
that most of the tumor cells in the sample are likely to carry the mutation. Figure 37B shows
that a high level of CK correlates with a high percent mutation (100%) for the KRAS G12D

20  variant in a pancreatic tumor sample.

[0299] In sum, this example shows that the genotyping assays of the present invention can
be used to calculate the percent mutation of a patient’s tumor sample. This example further
illustrates that the percent mutation of a specific allelic variant of an oncogenic gene can be

correlated to the expression level of a cancer biomarker.

25 Example 8. Sensitivity of the Somatic Mutation Genotyping Assay in Discriminating

Tumor Cells in Whole Blood Samples.

[0300] In this example, the sensitivity of the somatic mutation genotyping assays of the
present invention were determined by performing assays for the G12A or G12S mutation of
KRAS on whole blood samples spiked with tumor cells carrying the mutation. Allele-

30  specific primers and allele-specific blocker probes of the present invention containing
modified bases such as LNA modifications were used to detect for the presence of the KRAS

G12A or G12S variant allele. This example also compares the sensitivity of the somatic
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2acid nodification in the allele-specific prinmer is |located at the 5 -end
and/or 3'-end of the 3allele-specific priner. 14. The nethod of any one of
clains 1 WO 2813/02b@rein the allele-specific 2prinmer conpPCIAS20MO5EH2 nOr e
non- consecutive nucleic acid nodifications. 15. The nethod of any one of
claims 1 to 4, wherein the nucleic acid 2nodi fication in the

al | el e-speci fl rimer is se cted fromt he St n ™ ocked WO
2013/ 02003 T e AT okSad 5 85 bR OB P LR Rk AR el caet as
(I'TNA), t Measa Awgl.ei ¢ aci ds (| NA), 2| p nucl ei ¢ 4aci ds (TNA), triazole
nucleic acids (TzN. A), and conbi nati ons thereof 16. The nethod of any one of

clains 1 tjg303] wher®kifivienes tbé KRhg @Al a@@@tofmq)re%&uqﬂl@hﬁo@(@igd “mRehdviecat i on
in the allel e- s& ecific blocker probe is ted . at the allele-specjfic
1Oy

3nucl eot | FEMALET MugHon PonofringAtsAd “aF o ﬁg‘,gzsﬁ%ter&?mleg Hye inimympargou rein one

of thesat p bﬁﬁ%tuﬁh@ﬁceﬂﬁ‘%% esw1 BEdl 1meickiab bt it KRAS alukRbR iSPRRIIET C
bl ocker probe is |ocat at an internal position _3in the all el e-specific

bl ocker prPéisd samgeThie e srBRicoTompryed e hvte Rlood;sptked with colls offferS hlG he

al I el e- spegi flﬁ&(e%meﬁﬁéﬁbo @6(9'@@06(9%0055?)‘6 5300 1Q; s0DI0Rr DML GARRASHHE | ve
nucl ei ¢ aci d nodifications. The nmethod of any one of claims 1 to 8,

wherein t H@nlﬁabl(éqn@médmdAinﬁhﬁ testtamples Mnreteﬁ@acmd wing- QipgonstpNeasy Bkwdr pr obe
i's select %’Tfsgu%rﬁl{. hﬁe%@ﬁ??oﬁﬂ@ﬁﬂe&“ 1rﬂgen(%n were performed using the methods

10 indicated herein. Figure 38A illustrates the amplification curves generated from the KRAS
G12A assay of the present invention. Figure 38B illustrates the amplification curves from

Life Technologies’ castPCR™ Mutation Assays performed on the same test samples.

[0302] As shown in Figure 38C, the genotyping assay of the present invention detected the
G12A mutation when the test sample contained as few as 250 positive tumor cells. By

15  comparison, a minimum of 1,000 tumor cells in the sample were needed for the castPCR™
assay. The results show that the assay of the present invention has greater sensitivity than the

castPCR™ assay for detecting the G12A KRAS mutation in whole blood samples.

[0303] To evaluate the KRAS G128 assay of the present invention, whole blood samples
were spiked with cells of the A549 cell line (e.g., either 100,000; 10,000; 1,000; 500; 250;

20 100; 50; 10; or 0 positive tumor cells in the test sample of whole blood). Using Qiagen’s
DNeasy Blood & Tissue Kit, genomic DNA of the test samples were extracted. The presence
of the KRAS G128 variant was detected using the assay of the present invention and Life
Technologies’ castPCR ™ assay. The sensitivity of the assays was compared. Figure 39A
shows the amplification curves of the test samples using the assay of the present invention.

25  Figure 39B shows the amplification curves for Life Technologies’ castPCR™ Assay.

[0304] The assays of the present invention detected the G12S mutation in samples with as
few as 100 tumor cells (Figure 39C). CastPCR™ was 10-fold less sensitive; the assay

detected the mutation in test samples containing 1,000 or more positive tumor cells. Figure
39C illustrates that the genotyping assay of the present invention has greater sensitivity than

30  castPCR™ for the detection of the G12S KRAS mutation in whole blood samples.

[0305] In sum, this example demonstrates that the somatic mutation genotyping assays of
the present dramatically improve the allelic PCR assay compared to the castPCR™ assay

from Life Technologies.
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3l ocked nucleic acids (LN. A ), peptide nucleic acids (PNA), threose nucleic
acids (TN.A), zip 4nucleic acids (ZNA). triazole nucleic acids (TzNA), and
conbi nat iwe0tIese@of 110. The nmet hod of any one of cl ai MPCI/USe01/051AHET €i n

t he non- ext endabl e 2bl ocker noiety conprises a nodification to the 3 -end
of the allele-specific blocker probe 3which prevents addition of further

bases to the 3,-¢crid by apolv. Se. 11..The t ho any o f clains 1
Daot0, | ondREmicf O ftnibland SRNTREASRon chdocl iR TELDOTor Ber@lin SPRNLLC ©) 2
group conSiastantsgandfDeaerndpingohalérgergagesdfithelVadadtliy h S3ohiptd. , an optional |y

substituted C2-C24 al kenyl diol, an optionally substituted C7,-C24 al kynyl
4di ol , At | f t . cl ai 1t
' 0 a”ﬁoﬁ%ﬂg ARG ee E}lglgt{r)aﬁgs tg%ﬂﬁ(%%lg%%f g ﬂ}?sgntg%\%?%!n P Get 13_% ﬁﬁil s 0

11, wherein t non- ex noi‘e Ses a exanedi ol
nodi f i cat icoepgenc single ah¢ledtrle pplyoiofphsnb(SOPK 6ra pmpleaeand Jidhtifdieg tetpamdntof any

one of .clains. 1 § wWherein the detector prob conpr.i ses a TagMan(r)
ot obe. ST AMTHIE" b e SEmdR UG 1B SEraha TSR T CRERLR SEuBekicl of
aci d 2sanpt.g, tscaetibtihadnd ricne frba pgtiotpwicloamia) fonthepiesbhov ofirars@rgum pl asma,
fine needl e aspirate, 3t r tissue, and conbinations thereof. 1%5.The
met hod of "HRUBHEBRIEFGeg el spiflas TRt A A FEspocii Bpeker OB ant s
a nmut ant aftelpesan thvichionseaRmthgahddEliddbavar hapdrtiduSar! thealdld-chetiyip primkt el e.
116. The met hod of aﬂy one_ of  cl ai s % to 15, wherei.n the net hod reduces
comprises a lockéd nucleic acid (LNA) at the 3’-end that is specific for the variant allele an
10 the allele-specific blocker probe comprises a hexanediol blocker moiety at the 3’-end and a
LNA at a position in the middle of the oligonucleotide sequence that is specific for the wild-
type allele. In this example, the allelic variants detected include PIK3CA E542K, E545D,
E545K and H1047R; EGFR T790M, L858R and E746 deletion; KRAS G12C, G12R, G128,
G12D, G12A, G12V, G13C, G13D, and Q61H; and BRAF V600E. This example also shows
15  that the methods of the invention can be used with various samples from cancers and tumors

such as breast cancer, colorectal cancer, lung tumor, gastric tumor, liver tumor, colon tumor,

and pancreatic tumor; cell lines (e.g., colorectal cancer cell line) and xenograft tissue.

[0307] The presence of various SNPs was determined and the percentage of the detected
variant in the sample was quantitated using methods of the present invention, such as allele-
20  specific real time PCR assays, establishing standard curves from assays performed on cell
lines expressing the variant, and creating a percent mutation calculator for each variant.
Briefly, to establish a standard curve for an allelic variant, SNP detection assays of the
invention were performed using serial dilutions of cell lines positive for the allelic variant.
The results of the assays were used to make a standard curve, and then a percent mutation
25  calculator for the allelic variant was created that can predict the amount of the allelic variant

present in a sample based on data from the SNP detection assay obtained for the sample.

[0308] Figure 40 shows the results obtained by using the methods of the present invention
to detect (e.g., presence or absence) and/or quantitate (e.g., percent mutation) the following
SNPs in breast cancer samples: PIK3CA E542K, E545D, E545K, H1047R; EGFR T790M,
30 L858R; KRAS G12A, G12C, G12D, G12R, G128, G12V, and G13D; and BRAF V600E. It
was determined that the PIK3CA H1047R SNP was expressed at different percentages in the
samples. For instance, test #1 expressed H1047R allele at 12%, while test #33 expressed the
same SNP at 41%. Test #2 expressed the mutant variant at 1%. Test #34 expressed another
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2t he background signal of the second allelic variant during the
anplification reaction. 117. A reaction m xture conprising: 2(a) a nucleic
aci d nol ex0l2013/@602y an all el e-specific primer, wherein &OTAISc@R@®sspECific
nucl eoti de portion of the 4allele-specific priner is conplenentary to a
first allelic variant of a target sequence 5and wherein the

allele-sp at, . eas one ei ¢, aci.d 6 | fication;
7(c) an a%ﬁk%%& SS%I% ée & (E:gﬁ@CL?&ﬁ/fjr i ic [{r%&ufts 5t aquceh 1nCthe ttest samnio(fl%v rtggl on of
t he t ar getE58Sieqardance conpri sing a second aIIellc varlant mhereln t he

al l el e-specific blocker 9probe conprises a non-extendable bl ocker noi ety

and at | e36309pneigatcs 1eihowatiadPIKBURARNPsG 4200 ESA50, d)s48K ded HEOOR) pegbe; and
12(e) a locus-specific prinmer that is conp Ienentagﬁ to a region of the
tar get se&ﬁeﬁetecti%%qﬁiwamgated infangihet sRotbrqascanger ganrtlesy 49 PEA CA¥E" on t he

opposi e sihPBHwerd 1&ecHRe fdr@RatIKODAM MbMI €548, ebAKMnkH 10w hkdIR vaRmiOf the
at |l east one 2nucleic acid nodification in the allele-specific priner is

| ocat ed atThe Rerceqlt puiasion gEkE paiangcqueBiitrige uges mEHads desaibydebove ad fon

m xture ofpyghaie® Ffe %suli!s%how’%'i @dnﬁbl&#‘ﬁm%ﬁpﬁei%@d E§42'I@ﬁ%tve®ﬂ§w%@1léedt§gec acid
nodi fication in the allele-specif prinmer 1s |located at the 5 -end and/ or

3' -end of (@ghe13¥) adghal peraple #&43Fﬁpipf¢@qe_d H1047R at a high percentage of 100%. Other
samples that expressed the ES42K variant were sample #762 at 2% and sample #767 at

10 3.55%. Other samples that expressed the H1047R variant were samples #746 with 89%
mutation, #775 with 51.8% mutation, #740 with 6.8% mutation and #769 with 5.9%

mutation.

[0310] Figure 42 shows that lung tumor samples can be screened for SNPs using methods
of the present invention. In this embodiment, the presence and percent mutation of various

15  SNPs were determined in 25 lung tumor samples. The SNPs included PIK3CA E542K,
E545D, E545K and H1047R; EGFR T790M, L858R and E746 deletion; KRAS G12C, G12R,
G12S, G12D, G12A, G12V, G13C, G13D, and Q61H; and BRAF V600E. Samples #352-
355 all expressed PIK3CA E545K at 100% which indicates that all cells in these samples
have the mutant variant. Samples #371-375 and 381 all expressed EGFR L848R at 100%.

20  The EGFR E746 deletion variant was detected in two samples (#164 and #381) at very low
rates (0.1% and 0.2%, respectively). The only sample in the set that expressed the BRAF
V600E variant was sample #213 which had a mutation percentage of 0.2%.

[0311] Figure 43 illustrates the results obtained from using the methods of the present
invention on an additional 32 human lung tumor samples. The SNPs included PIK3CA

25  E542K, E545D, E545K and H1047R; EGFR T790M, L858R and E746 deletion; KRAS
G12C, GI2R, G128, G12D, G12A, G12V, and G13D; and BRAF V600E. Sample #9 of this
set expressed the KRAS mutations G128 at 0.3%, G12V at 2% and G13D at 0.3%. Samples
#3 and 12 expressed the PIK3CA E545K variant at 100%. Sample #25 expressed PI3KCA
E545D at 0.2% and sample #6 expressed PIK3CA H1047R at 0.06%. Samples #13 and 19

30  had KRAS GI12C at 100%, while sample #22 had the same variant at only 2%. Sample #22
also expressed the BRAF V600E variant at 54%. The KRAS G12V variant was present in
sample #14 at a percentage of 100% and in sample #15 at 0.1%. The BRAF V600E variant
was detected in samples #4 and 31 at 47% and 34%, respectively.
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120. The reaction m xture of any one of clainms 17 to 19, wherein the allele-
2specific primer conprises two or nore non-consecutive nucleic acid

nodi fi catworng13/@g®7The reaction m xture of any one of clParAES2MZ/0513420,
wherein the 2nucleic acid nodification in the allele-specific primer is

sel ected fromthe group consisting of 3locked nucleic acids (LNA), peptide

nucleic a ( BNA reose, nuc! 4nucl | ds (ZNA),
triazole ﬁ?@?bl 3 u%:e %‘sslﬁt)‘fsz gaStrlcgumorn%mdlg (lga(r)lr?g’ %rﬁ%nregu?mg mf%ﬁ af(e%h reaction

m xture ommaayunmmumfTmbaNWSHERmamemﬁmmhﬁmﬁiES@%EEﬁaﬁIhﬁU?HM7ReEGFRone

nucleic a [ fic.b r [ cat ed
at the 3aﬁtg?@pg%§kl h%? @ﬁg E%EAE%#? ﬁ?ﬁié§§§hé9&%3@9&0§R§Y%$54e of any
O”S- ?f cl ahdo6 I, 2?11@ B2e|2s|F WB(EIEEl IIﬂtl@S’l@nf tg)}‘dnhé;ﬁ eRc&iasbba@azsets rmﬂ\el it}ﬂll(gh@d)ﬁlsaﬁhp]'ed

nodi fi gati on e-speci fi oC robe i s cated at an

TPt or ol ©8spRAI B fheuf sSmpPer bl saneres i Sensred st Siedins et f on
M xt ure ofas &NYR @N®OMPs, ¢l 12V8 23%, 503833t 2 WHRT BérBenltdde, aalhl@ﬁﬁ-atasmcnh%l c

bl ocker probe co rises two or nore non-consecutive nucleic

modi f i cat iKSHSS G125 Variat wesetsc5A amlQy upscHtasa Hys2BRls "ol cTh %3% §34284,

wherein thgee Wd%&é&edﬂﬁ kehpogh $3i a@@%"/@dﬁd'tﬁb tder abdoh eHapead Jété‘ctelahﬁ’c ker probe
Is selected fromthe group 3consisting of |ocked nucleic acids (LNA),

pepti de nueMelF &2t 8@9( Ffmwparqdﬁp ethsEtuRE fasindes sughaps bagastrqancer gnddurgcl ei ¢
aci ds 1ZN)mort fh B&LLE nﬂl'tbcﬁloﬁ bEmashes 1n(tﬂ_@ QL@HC ARGk s%ﬁ)lmk Rafeh QRS ndehh ?%h@lo f.

126. The reaction m xture of any one of €lains 17 25, wherein the non -
than at 100% for any of the allelic variants screened.

[0313] Figure 45 shows the results obtained from using the methods of the invention with
xenograft samples. The SNPs included PIK3CA E542K, E545D, E545K and H1047R;
EGFR T790M, L858R and E746 deletion; KRAS G12C, GI2R, G128, G12D, G12A, G12V,

15 GI13C, G13D, and Q61H; and BRAF V600E. The EGFR E746 deletion was present in
samples #585-588 and predicted to be in 100% of the cells in the sample. The PIK3CA
H1047R allele was detected in samples #581-584 at a percentage mutation of 3.4%, 1.2%,
1% and 1.8%, respectively.

[0314] Figure 46 illustrates that KRAS, BRAF and PIK3CA allelic variants can be detected

20 and quantitated in colorectal cancer samples using the methods of the present invention. The
SNPs included PIK3CA E542K, E545D, E545K and H1047R; KRAS G12C, G12R, G128,
GI12D, G12A, G12V, and G13D; and BRAF V600E. The data shows that sample #121
expressed the KRAS G13D variant at 6% and PIK3CA E545K at 58%. Sample #130
expressed the KRAS G13V variant at 54% and PIK3CA E542K at 5%.

25 [0315] Figure 47 also illustrates that KRAS, BRAF and PIK3CA allelic variants can be
detected and quantitated in additional colorectal cancer samples using the methods of the
invention. The data shows that sample #147 expressed the KRAS G12D and PIK3CA
variants at 100%, indicating that all cells in the sample are predicted to express the variants.
Sample #149 expressed the KRAS G13D variant at 24% and PIK3CA H1047R at 0.1%.

30  Sample #163 expressed KRAS G12D at 34% and PIK3CA E542K at 3%.

[0316] Figure 4% illustrates that liver tumor and colon tumor tissues from patients with
colorectal cancer can be screened for KRAS, BRAF and PIK3CA allelic variants using the

methods of the present invention. The results shows that some of the samples had a plurality
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2ext endabl e bl ocker npiety conprises a nodification to the 3 '-end of the

al |l el e-specific 3bl ocker probe which prevents addition of further bases to
t he 3'-eriiolry13g2p@7yner ase. 127. The reacti on m xt ure of PEMyUSRNIR/08f44Z| ai ns

17 to 26, wherein the non- 2extendable blocker noiety is selected fromthe
group consisting of an optionally substituted 3C1-C74 aIkyI diol, an

ot onal | e Stk il S BB gl O, 8 OB OPAL Ly pighol ihed G, 2

4C. , 4 alky hat ons reaction m Xtur
any one ofU suiganerrmod:t 6f tho pRFent wiveriteinnit tvealsodeterddnct] drad sepdpde 4106 ckgessoabi et y

Srobe. 558 anat AR il IR Pty et St Pl e S B2 st dRs oi 1 t ne
2 detecto ][thepEsubE Vaaam ki Malﬁl shag M08 Pxppésediiethe addd. vhient beZ0ot.i Sampte ¥214r € of .
t
From aSs et BRAE 0Ea’1 i PG Batshon ity Sl 216 BrlBRaF St i Fhl asma.
fine needlagq Bﬁ@dﬁ@EﬂSI@dﬂm‘l’/ tsmﬁwzma@r&mm GOPS at P REEPIKBEM 43R
reaction m xture of wherein the first 2allelic

30,
vari ant i €t ¥enapape #al %@Id&%f%l(}tl%\éa%‘bé&*fhp%ﬁceﬁ KA PTant is the wild-type

allele. 132. A conposition conprisi ng 2(a) an allele-specific prinmer,
wher ei n al03[7] elFeusgycilpstigten thel wotpled dropopaticesh wath peisecage Fanserecas peci f i ¢

primer is GORL eSRNMRLNd 1 prelit hiifath L&l bEdeYdhl AR heRfdifh bhH RS SHAMence,

10 present invention. In this embodiment, fine needle aspirate samples were from obtained from
patients and screened using SNP genotyping assays described herein. In the pancreatic
cancer samples tested, various KRAS mutations were detected, but PIK3CA (e.g., E542K,
E545D, E545K, H1047R), EGFR (e.g., T790M, L858R) and BRAF (e.g., V600E) mutations
were not detected. Sample #28 expressed the KRAS G12C variant. The KRAS G12V

15  variant was present in #19, 21, 26, 27 and 35, at percentage mutations of 63%, 0.2%, 4%, 1%
and 3%, respectively. Samples #9 and 11 expressed the KRAS G12D variant at 100%. This
variant was also expressed in samples #2, 6, 12, 23, 24, 37, 39 and 40 at 1.1%, 29%, 7.4%,
5%, 5%, 32%, 5.4% and 0.9%, respectively. The SNPs screened were not detected in the

other pancreatic tumor samples in the set.

20  [0318] In sum, this example demonstrates that the somatic genotyping assays of the present
invention can be used to detect and/or quantitate allelic variants in genes such as KRAS,
PIK3CA, EGFR and BRAF. The examples shows that the methods of the present invention
can be used to detect a plurality of allelic variants in cancer and tumor tissue samples from

patients. Furthermore, the percentage of the allelic variant in the sample can be determined.

25 [0319] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, one of skill in the art will
appreciate that certain changes and modifications may be practiced within the scope of the
appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was individually incorporated by reference.
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4and wherein the allele-specific primer conprises at |east one nucleic acid
5nodi fication; and 6(b) an allele-specific blocker probe that is

conpl emrerwearyi¥@e®7r egi on of the target 7sequence conpr PSITA2@E208Nd
allelic variant, wherein the allele-specific blocker 8probe conprises a
non- ext endabl e bl ocker noiety and at | east one nucleic acid 9nodification.
133. The c R%ﬁétﬁ%l&ﬁﬂfﬁ@ln132 further conprising: (c) a detector probe;
2and/ or ic primer that is conplenentary to a region of

t he target sequence 3that is 3" fromthe first allelic variant and on the
opposi tle strand. 134. ThéA mthpd)ﬁirtdbfoﬂingforqh@iﬁmisgaéirst aB:lic whraame e torget of t he
at | east I ris
Tocat g atPRE el ¢ Bl Rt SBRluaP g Bl SLGUIRARLLEREITE 1
any oné oﬁmgﬁamnsmﬁzwkbnaﬂwimnmnemg one of the at 2l east one nuclelc acid
nDdifl ation |&’#Qe]giipa 1t b Bmkner,is | ocated at the 5'-end and/ or
33'-en of the 3 er'e ébl “BFPer 86 The conposition of any one of
clainms 532 to 35, (wmenmbmuﬂhﬂsambbje- 2specific primer conprises two or nore

non- consecutive nucl eic acid. nodificati.ons. siti.on any one
0 el afre 82 1o 3 eI P T IRICY B S TSI MRS PYHOP fEthe
al I el eqspecific prEeBpecifE ;ﬁﬁteecstc@dlptmmat;h@ gy fsule R edriaht JgheQhrgbtocked

3nucleic acids (I NA), peptide n%> ?IC acids (PNA), thre?se nucl ei ¢ aci ds
(TNA) , 8i p nucl eIsg:quence and wherein t lele-specific prlmer comprlses at least one nucleic

9 acid modification;
10 (iii) an allele-specific blocker probe that is complementary to a region of the target
11 sequence comprising the second allelic variant, wherein the allele-specific blocker
12 probe comprises a non-extendable blocker moiety and at least one nucleic acid
13 modification;
14 (iv) a detector probe; and
15 (v) a locus-specific primer that is complementary to a region of the target
16 sequence that is 3 from the first allelic variant and on the opposite strand; and
17 (b) carrying out an amplification reaction on the reaction mixture using the locus-
18 specific primer and the allele-specific primer to form an amplicon; and
19 (c) detecting the amplicon by detecting a change in a detectable property of the
20 detector probe, thereby detecting the first allelic variant of the target gene in the
21 nucleic acid sample.
1 2. The method of claim 1, wherein one of the at least one nucleic acid

2 modification in the allele-specific primer is iocated at the allele-specific nuclestide portion.

1 3. The method of claim 1 or 2, wherein one of the at least one nucleic
2 acid modification in the allele-specific primer is located at the 5’-end and/or 3’-end of the

3 allele-specific primer.

1 4. The method of any one of claims 1 to 3, wherein the allele-specific

2 primer comprises two or more non-consecutive nucleic acid modifications.

1 5. The method of any one of claims 1 to 4, wherein the nucleic acid

2 modification in the allele-specific primer is selected from the group consisting of iocked
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4acids (ZNA), triazole nucleic acids (TzNA), and conbi nations thereof

138. The conposition of any one of clainms 32 to 37, wherein one of the at

2| east orworotdeb@7aci d nodi fication in the all el e-specipCiraskoionkan2 pr obe
is located at the allele - 3specific nucleotide portion. 139.The reaction

m xture of any one of claims 32 to 38, wherein one of the 2at |east one
ggcgﬁ' 3 ﬁt%lé‘? ﬁlglmsb ES Gt Ioﬁer;mtzﬁen?%:?em ﬁ;%ldg% A g@ﬁ'?ie'n%g?i, s «?JmP{ Oﬂp m@n&o%ﬁt ed
reacti dn ntit mfeﬁ,\)ofriaaaﬁiynmm&, efidgfabAs 282cdahiB88ienwierei n t he aI | el e-

2speci fic bl ocker probe conprises two or nore non-consecutive nucleic acid
nodi figations. 141. The i I erein

t he nugl eic 2acid rrél)—dl fﬁglg?l?e glnotdloggl%ﬁtne%?%ﬁaﬁ&el 8 }% ‘?rel%flggithgaﬁgas is

sel ect éd fnncim:tahd n@rdd”wptlmnm@iilleh@paﬁﬁd%loddeeptomm lekied achdstio(d- Né@if cpeptide
nucl ei aci, 01 ?{d threose nucleic acids (TNA. ), zip 4nucleic acids
(ZNA) . “tri 4761 ”ﬁuclloel c acids (TzNA), and conbi nations thereof 142. The
conposition of any one of clains 32 to 41, wherein the non - 2extendable

bl ockerd noi ety conpt.i ses’ha rrmd‘ebidfOif@la«tcbrmrmftl@irmSHetw wherdinehe phtbe at least one

all el e- »SPec fic .30l be ich ddi t ] f furt bases to
the 3 Zendigye o BP ol RN R ROTIGH Fofi iR b EhRRe °32' To
42, whér eiimthe ielagpecifichéockaratzl e bl ocker noiety is sel ected fromthe group
consisting of an optionally substituted 3G -C7,1 alkyl diol, an optionally

substituted CC al keé.t yl 'Iqlie?ﬁe’tho%%f 91%; én%%?lcllaﬁnsslut%s]t, ivhéjrgi%(?hec\é%fele—speciﬁc

2 Dblocker probe comprises two or more non-consecuiive nucleic acid modifications.

1 9. The method of any one of claims 1 to 8, wherein the nucleic acid

2 modification in the allele-specific blocker probe is selected from the group consisting of

3 locked nuclew acids (LMA), peptide nucleic acids (PNA), throose nucleic acids {TMNA), zip
4 pucleic acids {ZNA), triazole pucheic acids (TZNA), and combinations thereot,

1 10.  The method of any one of claims 1 to 9, wherein the non-extendable
2 blocker motety comprises a modification to the 3°-end of the allele-specific blocker probe

3 which prevents addition of further bases 1o the 37-ond by a polymerase,

1 11. The method of any one of claims 1 to 10, wherein the non-extendable

2 blocker moiety is selected from the group consisting of an optionally substituted C-Cos alioyl
3 diol, an optionally substituted Cy-Cyy alkeny! diod, an optionally substituted C5-Cyy alloynvl
4

diol, and combinations thereof

1 12. The method of any one of claims 1 to 11, wherein the non-exiendable

2 blocker moicty comprises a 3 -hexanediol modification to the allele-specific blocker probe.

1 13.  The method of any one of claims 1 to 12, wherein the detector probe

2 comprises a TagMan® probe.

1 14.  The method of any one of claims 1 to 13, wherein the nucleic acid
2 sample is selecied from the group consisting of blood, serum, plasma, fine needle aspirate,

3 tumor tissue, and combinations thereof
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4C24 allsyn:,,,,1 diol, and conbi nations thereof. 144. The conposition of
any one of clainms 32 to 43, wherein the non- 2extendabl e bl ocker nviety
conpri sesw@.208/eranedi ol nodification to the all el e- sp@€Cirfiseo13lobagker
probe. 145. The conposition of any one of clains 32 to 44, wherein the first
allelic 2variant is a nutant allele and the second allelic variant is the
wld-type allele. 146. A kit conprising two or nore containers conprising

t he foljl ow ng 2conppnents,.i LSt ri i f e two or
nor e céntainers: 3(%? ag%gPﬁgﬁgﬁg%@g%%¥€g%§%%%$?haﬁ%?gPﬁgggggPP£1e-specific
nucl eofi deapant tsiagnuterft atléle abiht edcendglebt fargnpisitheevild-wpedigd. enent ary to a
first allelic variant of a target sequence, 5and wherein the

all el eqspecific priper coEpdiRASraly diR3taARe BUS! ShéciRtdn@iRdtdicaat i on;
and 7(b) an allele-specific blocker probe that is conplenentary to a region
of t he?2t arthpdraciggeundermmel of trepeeanid pfele veuen durizg the pinplificatiprareactionher ei n t he

al |l el e-specific bl ocker 9probe conprises a non-extendabl e bl ocker noiety
and at |l east one nugl ei ¢ G IARRM ddhfpRtin@n.  147. The kit of claim 46,
further conprising: (c) a detector probe; and/or (d) 2a | ocus-specific
priner 2t hat i s(a¢enptleigeeit mojectls; a regi on of the target sequence that is 3

strom ghe Tirspy)ah LRl Gt AMer, 38Rt ME1 PRI hiR1SHEAR T on of the

4 allele-specific primer is complementary to a first allelic variant of a target sequence,
5 and wherein the allele-specific primer comprises at least one nucleic acid
6 modification;
7 (c) an allele-specific blocker probe that is complementary to a region of the target
8 sequence comprising a second allelic variant, wherein the allele-specific blocker
9 probe comprises a non-extendable blocker moiety and at least one nucleic acid
10 modification;
11 (d) a detector probe; and
12 (e) a locus-specific primer that is complementary to a region of the target sequence
13 that is 3’ from the first allelic variant and on the opposite strand.
1 18. The reaction mixture of claim 17, wherein one of the at least one

2 nucleic acid modification in the allele-specific primer iz focaied at the aliele-specific

3 wnueleocude portion,

1 19. The reaction mixture of claim 17 or 18, wherein one of the at least one
2 nucleic acid modification in the allele-specific primer is located at the 5’-end and/or 3’-end of

3 the allele-specific primer.

1 20. The reaction mixture of any one of claims 17 to 19, wherein the allele-

2 specific primer comprises two or more non-consgcutive nucleic acid modifications.

1 21. The reaction mixture of any one of claims 17 to 20, wherein the

2 nucleic acid modification in the allele-specific primer is selected from the group consisting of
3 locked nucleic acids (ENA), peptide nucleic acuds (PNA), threose nucleic acids {TNA), zip

4 wueleic acids {(ZMA), triazole nucleie scids (TzNA), and corsbinations thereof.
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148. The kit of claim46 or 47, wherein one of the at |east one nucleic acid
2nodi fication in the allele-specific priner is |located at the

al | el e- spEOI2bi32602¢] eoti de portion. 149. The kit of any ®a@/uskoielosiss 46 to
48, wherein one of the at |east one 2nucleic acid nodification in the

all el e-specific prinmer is located at the 5 -end and/or 3'-end of 3the

all el e-specific primer. 150.The kit of any one of clains 46 to 49, wherein

the al liel e-speci fi cy,2primnes i £ Q £ 790 £0 tiMerfucl ei c
aci d m%di fications. 151. T éeaﬁfl?(%mg ﬁgﬁ)o/ one %)?mg{lg]iqng%yt(l%@%}oﬁ,dn\g\ﬁergi n the
nucl ei € acei da podinfclegacidomodificatioe irathd ellede-seitic blockqyprabers bstgiedtdst ed from
the grqup gonsistdng. of.locked 3nucleic acids (INA ), peptide nucleic;

aci ds ?PN&?%‘ ?ﬂr’f‘r%g!é’ggm%ﬁ%{gg}i'}!é?}qaci ds (TNA), zip nucleic 4acids (ZNA),
triazole nucleic acids (TzN A), and conahi nationS thereof 152. The kit of
any oné of clains 48t o e rcagheymixtproplangfone pieclaims 1246532, pheremue béihe aci d
nodi fi gat i i - 1fiC er. . i > he

al | el e?s peag{%?glt gnéﬁ%ée@e%ﬁ Igoe(ﬁgga(rhto {l lti)nnt.hp%@egé.(%ﬁg%?? %16 %édr?g%gltrolgaq%q?ét% ainms 46 to
52, whér eiimcroalepostion mehatlleleempstifiohlecmpobei ¢ aci d nodification in the

all el e-specific blocker probe is |located at an internal position 3in the

1 el ific bl - [ f ' 53,
al | el eyspecific bl ogker Feg&g%?n(];ﬁ:%m ng}%lgtonggf(ﬂﬂ%sqa%%bwglﬁéﬁgﬁee AR 0

wherein the allel e-speci cker e conprises two nor ¢
non- coRs ecpxcificelenkel @ple @oipdsespad i wateisonsondS6vTheclit acidfmodifigatome of
clains 46 to 54, wherein the nucleic acid

1 25. The reaction mixture of any one of claims 17 to 24, wherein the

2 nucleic acid modification in the allele-specific blocker probe is selected from the group

3 consisting of focked mucleic acids (LNA), peptide nucleic acids {PNA), threose nucleic acids
4

{TNAY, zip nocleic acids {ZNA), triazole nucleic acids {TzNA), and combinations thereot.

1 26. The reaction mixture of any one of claims 17 to 25, wherein the nosn-
2 extendable blocker moiety comprises a rmodification to the 37-cud of the allele-specific

3 blocker probe which prevents addition of further bases o the 37-ond by 2 polymersse,

1 27. The reaction mixture of any one of claims 17 to 26, wherein the s~
2 extendable blocker motety s selected from the group consisting of an optionally substituted
3 C-Cog allyl diol, an optionally substituted Cr-Cyy atkenyl diol, an optionally substituted Or-
4

Coq alkynyl dicl, and combinations thereof.

1 28. The reaction mixture of any one of claims 17 to 27, wherein the nog-
2 extendable blocker moiety comprises a 3 -hexanediol modification to the allele-specific

3 blocker probe.

1 29. The reaction mixture of any one of claims 17 to 28, wherein the

2 detector probe comprises a TagMan® probe.

1 30. The reaction mixture of any one of claims 17 to 29, wherein the
2 nucleic acid molecule is obtained from a sample seleciod from the group consisting of blood,

3 serusw, plasoa, fine needie aspirate, tumor tissue, and combinations thereof,

1 31. The reaction mixture of any one of claims 17 to 30, wherein the first

2 allelic variant is a mutant allele and the second allelic variant is the wild-type allele.
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2nodification in the allele-specific blocker probe is selected fromthe
group consisting of 3locked nucleic acids (IN A ), peptide nucleic acids
(PNA), thweass/n2zelei ¢ acids (TNA. ), zip 4nucl ei c aci ds PCINAR(1210814aZ 0l e
nucl eic acids (TzNA), and conbi nations thereof 156.The kit of any one of
clainms 46 to 55, wherein the non-extendabl e 2bl ocker noiety conprises a
nodi fication to the 39-end of the allele-specific bl ocker probe 3which

prevents addition of, furg RRSEShMis e 3e-end by a polymerase. 157. The
kit of any one of gféins %gﬁ%o gg,omﬁgr i n the non-extendabl e 2bl ocker

nmoi et y2i s sel et edallalosetifie pymouphewimsinsilelagpesfficaniclsptideqmatidnyf shebst i t ut ed

Cl- C24 ,al kyl 3dh / e} i (4 . i n

opti ongl |y subgl;le?%_stﬁeglgi C%@%n-e %g%é.&%lleﬁlglﬂ%'%g?gs?al%n arclzablt |a{r}é{gie§§r?§&efnﬁér eof .
158. Thd kit of a@mhwhaeie thefallcle-aperific4Binien coiprisahariaisnortcheclnioneidxt endabl e
2b|ockgr nnietxlg%ktrhsgl a. 3' -itexanediol nodification to the
aIIeIe-specific0 SR8 érobe. 159. The kit of any one of clains 46 to 58,
wherei B t he fi (t9tan alldlekpecificdidcRertprots tiZa isroinpleincalalyetb @ ragich déthiee aaeond

allelig variant is the wild-type allele. 160 The kit of an ne of clains
26 to 8o, 't urt HSHIGHTAM LI PROCRIER Biatorbrends Wrlrad s Mae s peci 1 ¢
primer gand t hep@bt edrgprBpeChdn & tddlatKBlockRE AR id adRh@ohd M@l ackhjuant i t ati ng
the first allelic variant of the target sequence in a nucleic acid sanple
suspected 4of RARYIEY MPhe second allelic variant of the target sequence. 1

1 33. The composition of claim 32, further comprising: (¢) a detector probe;

2 and/or (d) a locus-specific primer that is complementary to a region of the target sequence

3 thatis 3° from the first allelic variant and on the opposite strand.

1 34, The composition of claim 32 or 33, wherein one of the at least one
2 nucleic acid modification in the allele-specific primer s located at the allele-specific

3 nucleotide portion.

1 35. The composition of any one of claims 32 to 34, wherein one of the at
2 least one nucleic acid modification in the allele-specific primer is located at the 5’-end and/or

3 3’-end of the allele-specific primer.

1 36. The composition of any one of claims 32 to 35, wherein the allele-

2 specific primer comprises two or more npon-consecutive nucleic acid modifications.

1 37. The composition of any one of claims 32 to 36, wherein the nucleic

2 acid modification in the allele-specific primer is selected from the group consisting of {ocked
3 pucleic acids {LNA), peptide nucleic acids (PNAY, thronse nueleic acids (TNAY), zip nucleic
4

acids {ZNAY, riazole nucleic acids (TeMNA), and combinations thereof

1 38. The composition of any one of claims 32 to 37, wherein one of the at
2 least one nucleic acid modification in the allele-specific blocker probe is located at the alicle-

3 specitfic nucleotide portion.

1 39. The reaction mixture of any one of claims 32 to 38, wherein one of the
2 at least one nucleic acid modification in the allele-specific blocker probe is located at an

3 internal position in the allele-specific blocker probe.
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40. The reaction mixture of any one of claims 32 to 39, wherein the allele-

specific blocker probe comprises two or more non-consecutive nucleic acid modifications.

41. The composition of any one of claims 32 to 40, wherein the nucleic
acid modification in the allele-specific blocker probe is selected from the group consisting of
tocked nucieie acids (LMA), peptide nucleic acids (PNA), threose nucleic acids (TMA)Y, zip

nucleic acids {(ZNA), triazole nucleic acids {TzNAY, and combinations thereof.
. J ) 4

42. The composition of any one of claims 32 to 41, wherein the non-
extendable blocker motety comprises a modification o the 37-end of the allele-specific

blocker probe which prevends addition of further bases 1o the 3"-end by a polymerase.

43. The composition of any one of claims 32 to 42, wherein the -
extendable blocker moiety s selected from the group consisting of an optionally substituted
1Ty alkyl diol, an optionally substituted Co-Chy alkenvl diol, an optionally substituted -

Cyq alkynyl diol, and combinations thereof,

44, The composition of any one of claims 32 to 43, wherein the non-
extendable blocker moicty coraprises a 37 -hexanedio! modification to the allele-specific

blocker probe.

45. The composition of any one of claims 32 to 44, wherein the first allelic

variant is a mutant allele and the second allelic variant is the wild-type allele.

46. A kit comprising two or more containers comprising the following
components independently distributed in one of the two or more containers:

(a) an allele-specific primer, wherein an allele-specific nucleotide portion of the
allele-specific primer is complementary to a first allelic variant of a target sequence,
and wherein the allele-specific primer comprises at least one nucleic acid
modification; and
(b) an allele-specific blocker probe that is complementary to a region of the target
sequence comprising a second allelic variant, wherein the allele-specific blocker
probe comprises a non-extendable blocker moiety and at least one nucleic acid

modification.
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47.  The kit of claim 46, further comprising: (c) a detector probe; and/or (d)
a locus-specific primer that is complementary to a region of the target sequence that is 3’

from the first allelic variant and on the opposite strand.

48. The kit of claim 46 or 47, wherein one of the at least one nucleic acid

modification in the allele-specific primer is iocated at the allcle-specitic nucleotide portion,

49. The kit of any one of claims 46 to 48, wherein one of the at least one
nucleic acid modification in the allele-specific primer is located at the 5’-end and/or 3’-end of

the allele-specific primer.

50. The kit of any one of claims 46 to 49, wherein the allele-specific

primer comprises two or more non-consecutive nucleic acid modifications.

51.  The kit of any one of claims 46 to 50, wherein the nucleic acid
modification in the allele-specific primer is selected from the group consisting of iocked
nucleic acids (LMNA)Y, peptide nucleic acids (PNA), threese nucleie acids (TNA)Y, zip mugcleic

acids (ANAG, triarole nucleic acids (TzNA), and combinations thereof

52. The kit of any one of claims 46 to 51, wherein one of the at least one
nucleic acid modification in the allele-specific blocker probe is located at the sliele-specific

nuclestide portion,

53. The kit of any one of claims 46 to 52, wherein one of the at least one
nucleic acid modification in the allele-specific blocker probe is located at an internal position

in the allele-specific blocker probe.

54.  The kit of any one of claims 46 to 53, wherein the allele-specific

blocker probe comprises two or more non-consecutive nucleic acid modifications.

55. The kit of any one of claims 46 to 54, wherein the nucleic acid
modification in the allele-specific blocker probe is selected from the group consisting of
tocked nucieie acids (LMA), peptide nucleic acids (PNA), threose nucleic acids (TMA)Y, zip

nucleic acids {(ZNA), triazole nucleic acids {TzNAY, and combinations thereof.
. J ) 4

56. The kit of any one of claims 46 to 55, wherein the non-gxicndable
blocker molety comprises a modification to the 37-end of the allele-specific blocker probe

which prevents addition of further bases 1o the 37-end by a polymerase.
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57.  The kit of any one of claims 46 to 56, wherein the non-extendabic
blocker molety s selected from the group consisting of an optionally substituted C-Cyy aliyl
diel, an optionally substituted C-Cyy alkenyl diol, an optionally substituted Cx-Chy alloynyt

diol, and combinations thereof.

58.  The kit of any one of claims 46 to 57, wherein the non-extendable

bloacker motety comprises a 37-hexanediol modification to the allele-specific blocker probe.

59. The kit of any one of claims 46 to 58, wherein the first allelic variant is

a mutant allele and the second allelic variant is the wild-type allele.

60. The kit of any one of claims 46 to 59, further comprising instructions
for use of the allele-specific primer and the allele-specific blocker probe for detecting or
quantitating the first allelic variant of the target sequence in a nucleic acid sample suspected

of having the second allelic variant of the target sequence.
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