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tgaled

cove wan by Hgated to an adapier by gonvraly s sdapier-

e

ifod tarost s
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HHISE] A ved heredn, “lgase™ and 1ts devivatives, refer

catalyzing the Ngation of two subsirats nwdes

engyme capable of catalyring the odning of moks bebvasy

SORTRE m‘nin‘.}iﬁis‘i}&:;?si:s:x,; the Husse inclodes su srevme capabh of crtalyaing

Bongd hetwsana §°

{ mokouls e 3 3?'5}9'@&_".
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.
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hi
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foed May 27, 2010, Insomee ~ended Bgation
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HMISS] As delined he up’ gemerail

babs @ puckeie sohd Can be oo

sdey sppropriate condiions, Fov exaraple, a ok
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104 VHISS
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e seddd reoleonkes undorgn base paiving idorsotivus, Two

3

saded to he hovheridized when any portian of oo suclsic aoid

mickeio soid molasuls molscuies are

modveuls i bave paired with any portice of the other nuelels se

vequired that the o nucleie acid molecules be hvbndized across thelr entive vespective feneths and
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of the disclosure 3 38 or lower, More Depicall
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end van ineludy sbout 18 nucleotides sdiasont b the nucleotide inchuding the
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sefection moludes v
0681 As
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S J FniTHEn tonperatire roquired proventing hybridization of sy nuclsie aeid
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&
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WO 2014/012107 PCT/US2013/050531

peciiic prinmr ooy largst

nyieing vorditions car bacdude comnstitions B snnealing of @ ey

o aod sxvtension of the peios o erophete dependent mamner i e prasssoe o s
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ty of wvoles where the steps of anasaling,
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deoxyribonuclentides (sucleio aoid) and ribonucteotides (RNAY linked by internucleotide
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siranched amypified §

S

gronp that can i bsigueno, dosving s niek batseoon the
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he repeated may thivtes (Lo, denaturation, annealing snd extension constitoe o

e vurmerous Mopehes™) v obtain g Bgh concentration of an amplifind segr

Ly

¢ od fedonest, The fengh ol the wuplifiod segemont of the dex

@ treed polymmdeide of

~

termirend by the relative positions of the privers with respect 0 each other,

W g‘sm amwster. By virtus of repeating the provess, the method
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o they are saild o be “PUR amplHied”. &s delinad heman, target

pachon: sobd molecides withir g sang tuching o plurality of arge saclels acih molecnies e
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oy Weniifioation of a v *p»\g& chromosone, position, divection, ste., for sxsmple, or any other ype of

ae {708,

.\

inforvnation that could be related to 3 genomic region or tag

A hntereat, and w gda

which may oehude primer-relsted dag such sx g meht st CPmbos chromosne, g

3

pasition, & direoting, and SNF ov

rlagy infoemniion, S, o esample, Or sy oiler fype of

informution tha could be refated to primers. The seatem may be implomented In or asing one or

5 gnddor servers nsing one or morg sofbware components, which may sot be gecessible

e

or rodeased W cusiomers who may be ordering castor primers or sssays et may be destgned using

et 1:E§,s'm1g;‘n.: 3 wehe

steh oo systion, Customens may onder gustom ek

-

acvessible dats poartal by pra

formvtal, b an exemplary embodiment, e d

dated with modules PO

providing %, SR g

privers saddor amplooms, reporting vesadis sod que

E}

TR S FIG, 4 flustrates o syatam for dedigning primers or assays seeording 1o an sxamplary

contindiment. The system includes a target generstor modale, whic 3 QN OF THE

o

b genonnie )

siones or targeds of tierest and w

Prfosrnation o an annolaion detabase Ovhnch oy tnchile

AN Perelatesd data, or sther genetic diva such as identifications ol a repost, chromesong,

N

tiow, oo, Tor exsmple, as well sa nformation regaeding primers ora

d SOROmIC T i 1 OF lrge

=

ef of irterestl & destgidog s

rleoors s sasays sl dotermine andior apply vartous seoring and flering

procedures for the primors or assaes and which msy porform varioss quslily control ;:srm;miuma;. 2

wy oo the primens or assays andfor refated nfornmtion {such as gquals

sontead mesubis, e example) 1o g primer database (ehich may b i coramenication with or

srererolated dutn soch @

comprised within the annotation database and which oy inelade
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NE overfap informsiion, st

tod o paeimers s g SMP cverlyyropaat

erbap moslideyg o driver modube; 8 tiler modide, which may determine o subset of amplivons o tiles

<

& voversge of & genonHe reghn

v o neeresy; a pooker nwdule, sehivh may
determine 3 pooling of the amplicons or tiles fnto one or mars pools of amplivons; and 4 report
erk srmkior

sinertor nuadule. The sest

any ey be dvpdenentad Ju o using one or mord o

cleased to

S

custonmiors who mmy Be ordUring CRstom prines or sssays that Cstvoh 8 avstam,

\

CAmvers may oeder Custom primers OF Sasays

lenst in part theough g web-povessible data povigd

b

cols of Interest i oy sutable formgt ban

esenvpdary stnbadiroest, there is peovided & mathesd perfovming stepy including S gaver

sextoiated with these o
LU R R P, §

patir of primers designed seoonding Gy an oxeropley embodiment, The amp?im‘m sy irelnde o

Frwestd priver and & reversy primer surnmssling the s

¥ P g
sy togethe

Foren an dsaiy., which ma he customized and aedored, The prinsey companest of an amp o may

b & vopy of 8 5 e, rather than te underying sample, and sue o mors Inserts may be

selected to gover the g

s {ohibedy say by welireed

< x

y dhesignad scoonding o an

exemplary ambodiment. Shows are denatiration, ot mﬁima, angd elongation steps uitimately kes

& -~

o sxponential growth of the mzpigum

U0 §

cohoraricmesne Y i dis

. There are 112 condidate m’n;ﬁimus for ﬁ{}m‘ef'ésﬁ;'

ot regérm i this example, but the

o

2

s sould of pourse be ditferent, Inchading rouch Towey se wnah hivher,

and vy b selouad by raking o siconnt o8 L the Yength ot
svut any other relevant facdor,
s Aveording o various »:-x&mpim}: embodintesty, thers ane ga::"iaf

v

wning priv

dex b allows desiga of thigonwelen

pROREE A o areas of Interest whil B
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b

sicdiration, and SNF averlap of the

% soveral

metiona! modules that ey be
caded s discussed nest,

3 TOITIOVE

sequencs retrovel module may

e alve aperif whather o ine

{81 18] The invention may alio g

e usang @ design engine, whinh may s public tool sush ss Primerd or asothr prisoer design

td
&

%

sovfbware that o generate privoer pairs across the sotive seguene

vetrieval module, for example, The primers pairs sy by

nuclontide oo T e prioer desige may be basad on vimous pasamstens, imim&ing: i1ythe

priner Dwhaoh mgy Yo calealatad uang the uemas wither sud

forth by Johin Seetalascis, Ben 78 unifiod viow of pad

+3

iier, dinbded], and (‘}3igiii’i'mi:{g{?{?‘l.§f;§c TINA

searest-nelyhbor thormodyamios.” Froo, Nl Aoad, Scb US& v {1998}, the

coents of which is ncomerstad by reforsnce herein n v @

e ;:ﬁ.:rimﬁzs‘ compositin {e.g.,

=

hrothby vomnpa as U tpenshized by the
software, as ¢ privoer bairpin Rwmation, composdtion of the GO content i the 37 ead of putner,
and specific parameters that may be evalusted ave stretebes of homopolymeric nuckeatides, hairpin

ﬁ)rmmiur\‘n GO content, and amplicon sire), {u

b soores of forward peiner, reverse primer and

cretleat how

s oof 5 priveer fwve n
priviaT av

I 19

g rodude sy be confipurad 10w & mappiog

rms&sk}-‘ stal, A web strver fue portiaaming chicinmic

{2004}, anud Schaler, “Seguenee Mapping by
U which are both incorporated by
offwane) i mae primen o s genvme. The prumers

i

S, 3 Poriedh

in sy b
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od primwers may reveive g seore of proater than 8. The

st of the wdsensetod and the restere of the mdssastet ingo seeount, Foraxam

w of & particulor motif {eg, A&

Ul O G, T AL S, G and ST wkiere o

wairatoh i may 8

SECAG, OA O O, GAL GG

denotes an ambigeees bage or gap ticular position (2.0, base @ 37 end second base from
L i base S 37 e, 1hing - seoond base fvan 8 o

han

N

evd sl oy tharefore be “;mmi'aiiy farger, The nusmated soores for ol with ay ambignons bass

of oo modds cong

et Hherewith ez, A- may be

nay B

oo wverage of the suoves oF AN, ,A{ﬁ?s argd AU Bassd o the pumber of By with s covtsdn
scre threshodd, anoomplives cont may be edonlated,

LA RALH In another embodiment. s SNP modiele may be configured s determaine underlying

SNPy and ropat regionsy SNPr muy be maspped 1o the primers and based on the distance of o SNP

Frew the 37 ool privmers ma

v he hered ax potential cadidatos. Sivaheele, W poimer overlaps to g

cortabin porentags with 8 rop i, e i might be Sitesed.

E R R 3 Ackdittonally, i embeshment, ¢ pooler mwhede way be configured fooase o pooling

algorithm thag pr@-v‘vf&iﬂs smplicon vverlaps, and ensures thie the averses nunther of priveers in 2 poad

3y

does ot deviste by sut value,

{8122} ‘E*"EG‘ 8 1 soconding B an exomgdey cmbodiment, T step 3304+
module or other kardware andfor soflwere component regsives one oF MONS gSnamic regions o

ardware andior software component

sequences of interest, n step 2302, & meduls or other |

QL

TOTES 43T NEKPROIEY

£

i

sofhwEre

KR RESRE {“‘;Wi(ﬁi\ {HW Y

VROTS prHvier peirs s largel sopaey it step 23, aowadule

oy osther hardware sradfor softsare component scores the one or e primey pates, scheretn the

scooring cumprises 3 penaliy bhased on the performancs of in silies POR for the one o nory peimer

sis oU NP ov

sabes, sl wherela the sen S the ong oF o
gk, sunl whovels the s gpr fer the ong oF 1o

priver pairs. In step 2205, 8 modade or other handware aadfor sofwars component (THers the one o

N . . ~

wsare primer paies based on a plavality of factors, including ot feast the penalty mud the analyals of

1Y R

AN overlap, o Wentify @m?ﬁ;t‘»mmiing 11 one or mwee caondidaie

o interest,
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N

d, comprising: {1}

I3 Acvording Loy exemplary anbodiment, there Iy provided a me

TSIV IR GRS OF SMMC QUNGHITHC PORIs o segpenees of Hlerest |

g e O o farget

seguences R e vooeived e or MONS gereamie regions or sequences of fntereats (3 Hug one

QR OF ore Ly & ::'*omw the one or

more primer paivs, wherein the scoving comprises a peaalty ‘Mmi on the performance of in silico

PUR G the one or more pebmser paies, aadd whorsdn the scoriag Bether covopeizes sy salysisoof SN

H8 “C:ﬁ’iﬁﬂ% LE ROLEITH

88 varions orobodEnsnty, FeSeiviE QRS OF So0S gRuOuHe SRRIoRs oF sequeices of

fovest may comprise recelving 1 st of one ov nwes gene symbods or identifiers

&

B 55._ G OF

TRORS genonHe regions o seqaences of intorest may vomprise reogiving a lst of ong or wmore gonanng

e = b=}

.,

catton estifers, Recobving one oy e

A

copvdiates or ather g

Ei‘iﬁh TRy

sevpsmees of RIeTeRl By CoTnprise recuiving e BED

.'Ii‘ ONe -0 W et

{8125 i various cnbaadiments, deten

detergvaing one o e oxons o codiog reptons that corresponsd 1o sach of the ove o mers genomic

regions or sequences of interest. Deterniining one o o 1arges se

o thevein of

an amphonn or siher genentde segpmoe database for o pry

regions or sequences of ntenssd sud nfrmation relaed thergto,
1826} iy vartows embodinents, providing one or more primey pairs may comprise designin

IS O o prmee pairs, |

o other genomie seguenes d

sulivoents, the porformames of e sition POR oy sonpeise perforn

genome of any spectes. The porfonmance
o i sition PUR may comprise performimg in silion PUR sgaiast an hg 19 sefvrence gonomsy, Thy

o o G-

sy somprise delors
tavgat hyhridivations for each of the one or more primmer paies. The perfirmanes of i stlico POR

sgaimat @ referenoe genome may conypiss deter mnm: A worst case atiribute or seors for saeh of the
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w ong oF more predivted amplivon sequences Far eaeh of tyy ong o more

prizoer pairs, Vhe performasncs of Yo sticn BUR sy comprise quorsing s amplicon oy other
SEnonie seguenes dyt tee thevein of the ome or moee genomio roglons

of vterest orof i uhio

Fmore primer paiey and fnfermation relited thereto,

0128} In vartous embodiments, the analysis of SNP overlep may comprise determining a

SME class for cach of the sue ov owive privoer pades, The analyas o BME overfap msy comgaise

o ether SenonRe seguenos o

3 or sequences of interest or of SNP overlap rosilts o tho e ¢

aud infoemation relsted thereto.

.

EL B i varios embodivoends, the pluradity of factors may me

prhoation of Porwand SNE owerlap, su bubiostion of & soverse SNEP overlap, s indication of 8

o

froquency o forwied repeata, su bwdivation of 8 frequenty of reverse ropeats, an i

o oof iy o

wrget vbridization of cach of the one or micre primer pairs, and a composttion of each of the one or

primer patrs. The plurslity of oo may ineby

e o or e of 8 Terveard triplet faotor, 8

; i%‘s:(.‘im; q foreard A n factor, g rovarse & sug faddor, s Rsvand € raes Bactor, & roverse

g *’i‘

oand & an

568 vy Taotor, 8 Fowwaed T ron §8

o p urality of fctors roay isehede one or wore of an indication of an extent to whach

-

gach of the s oF moese primer pairs includes one or more homopolymers. The phurality of fag

3

1
Tk

el paltrs moludes one o

e wan By mwg §

FENEY

TR FRPRN ol factors may Uelode s longth of the one o more primee

patrs, whevein g s ¢ the 0ng OF more primer pairs deereases as the fength pets shovter thas s

F

mininad length theeshold and devrenses 3o the length gots longer than » maxims lerygth throshnld.

i B

The plurality of Hotors mwy elade s maximel mowberof s g

re for the one o mor

Sty gs:sm Iy

sods g vyl base inclusiont thrashedd, The plur

her of contiguous st fa given base, whereln g soore for the one or o primey

S

pratey devresses @ the menber of contigiony instances of the giver bate exesedy § ywmaximal

pontiguous base ehesion theeshiok

180813404 The plorahiiy of faciors may inehude & maximad percentage o g set of twn given
huses, wherein g sooee Sw the one or wiove pritmer pairs decresses as the percentage of the two ghv

;&ﬁii&i[fix of factors may mclwle an

o
s

g ol G

UG O Y *}mm g2 oy deores
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The plurality of §

seions may include o deviiion of a prodicted smhiing e

GHR OF THOVG PHEET g dabive foomindoosd sad orovimad soelting tomperstire thin

ctors msay inchude 3 nunder of primer-divner inchsions for thie sie o more s Py

srality of'f

for the one ov maore

vaies, The pluralny af comyplementarity i

primer pairs. The plurahily of frclors may include an Wndication of a complexit

WSS PIIHDE painR

U R Iy virrous enbadimaents, te method sy

e eaehidate amplivon seg s th tmﬁm\smaiﬁy 0

ssguences of interest while mintmizing § funeiion assms

sounenees. Mbnineng the cost fy

ROUFOE VEriey, ome or moes asplicon vertices, and 2 sink vertex.

33 In varioos embodiments, the method may comprise assembling the primer pairs in the

« e

et aigbset of e one or o carslidate

terad sob of primer pairs Bt correspond with the selee

X

s s s pluvabiny of separaty possde of primer g shedimg U privner pairs

o or more prises pairs iy the ieved

Hing sy il of protimer gy that

cewrpanporit with the seleotod subset of the one or more condidsde amphivon \tm{i\(un\:\‘:\ e given

)

The ointms! hyoshold di iy be botworn shoul § base pabes and sbout 100 basy pa
hetween about 13 hase pates sl shont 90 base painy, or botsveon abonn 25 Base pabry and abeat 75

hase pairs, or botween shout HE buse pairs and abhoat 60 base paies, for snample, In sonse

¥
k
i

eks, the minimarn theesh

%
4
e
5
;’."‘2 :
P
"%
£
e
e
r’l

fd distance between amplicons may include any ing

U one. For esample, o vadue of Toan oo S sy e ampbicons are sllowed 1o

v it say bwo srplicom
fovarbos adaalivoents, sssovishing the fhored sot of peimer paiss bgo s phiradity of

Fprirnes pabes may compwiae splitd

ampiicon vvorkr within soy ghven tube, Assembling the prinsy paers wy inchady Tiniting

o with tha

hory of ouie OF e he filtorosd setof primor padvs ot oo

U

sedevtod subset of the ane or more candidste amplicon sequences o @ ghven pood hased ot leaston g

% 3

prcdetermined amphicon o Asservhding the primer pairy may inchede

Baiting w idusion of one or more prinmer pairy i the Bleved sob of priver paies E‘t-um‘::spmmi

¥

of thie oo o more candidae am
51
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By relating oxize ol

feast an an ey

& product belweon o balanee fator

FEEY i:&\"‘i*" %‘& i

TRINH ¢ of the steos of e separate pools,
R agy I varions smbodinents, the method may comprise providing 8 report reporting on
any oue or o clestent of infirmasion of data used or gonerstod by wey one o move of the

receiving, providing, seoving, filte rmg\s*k&mm and assembling steps.

&

35 Avopwding to an exeroplary coduadi

e iy provided & nos-transiiory |

1, whio essouted By ay

potions wi

reaclable storage mediw vovngwising &

QU

provessor o porform o method comprising {1) we FOT DD SENGINIG TRRIONS OF Atqusnoss

N

PV

‘m;msw QI QF INQES iaii“g‘* ISR R e for the roootved one or nume 5ok

st £3F presviding one of more prisser paies for sach of the determined

£ OF ORGSRt sequienues; (4} seoring the one o e prifeey privs, whers the saong

N R s
>

comprises 9 pendity hassd on the performancs af in silicn FOR fiv the one o mvore primer pairs, and

wherein the sooria

2

fisrther compuises g analysis of SNP overlap for the onie or moes prismer pairs;

&

srd €31 Tileving the one or mwbe priver pairs based on g phrsdity of Hactory, jocluding of least the

Y

prnalty sl the avabys eoverdags, 1o Wdentiy u Glieved sor of primsey paies covsprasding o

» s oo sognenues e he oo oF Mo gonomie reglons

o varions oy @ storage medium

SOROMHD Teginns o sequeneey of nterestwhile minimizing

[
(i3
"t
72
E=2
oy,
Pl
et
g
=3
o
=
=
0
]
A
5
]
&
ot
g
Z
=9
-
P
g
s
=
o
Y
&
b
=
£
fosed
f.o.

i &l‘!p!&.ﬂﬂ SUECPHSTIONR, el ! i td‘xﬁﬂ‘ﬁhiﬂ‘»\“ the }‘Y?ﬁit’*‘

T

o the one or mowe

”‘}.?("prizztssxr srirs thist corvesponmd with the seloeted subsay

candidate smpd D pooit

BT

PIRCY §~ti‘§'\ﬁ

it there Iy prossided @ systom, Csunprising {1}
g onachins-resdadde merooryy and {33 s proveasor configared ©© execnte machine-rosdable

s, which, whantsveontad to tha processor, saose the s dndading: (4}

RE OF BTG SRR0NEE fugiong oF sequencss of Tntmest

aguonces for the recobeed one or moe gonostie W oF soqeenees of torest; (o) providing ong

oy move priveer pales for ench of the deternsined one or fw o the o o

mare privmer pairy, wherein the seoring comprives § penalty basad on the performanes of iy silwe

POUR S the one or nivey primey p
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};a;‘i.smm g:r;—.ii ra; s (3]

greviabby sl the sradysis o SNP s}‘c;-‘sf:riﬁ;}, t

v oanndidate saaplicon sequenoes for the ane or

ocessor of such 3 system Ty further be cond iLﬁf&d i

fstruotions, which, whea e Seasr, Caiest the

seerbod b;g thay proe

subset of the one s she avpslico

ferest while minindzing &
oet funetion asso rimer pajrs

ity

s fihered s

candidste amphico seguons

HHH 3G Avcondiog to vavious oxemplary emb f,ovEvious parsmeters o ovitovia wmay b
usad 1o select primers audéor smplicons.

HE R s embodivent, 8 forward 8NP seore my be used wed may be given @ manoerieal

st F base paies aiihe f

rhere I ane vy more SNPe within & lopeth of 9 ba

aoore vy b given w moerios] sttribusedsoore of 1

Y

¢ ¥ end of the forvard primer. In some

o LOSCs Gonenne Browsor Wil Fage

SHF redorence nbie reforrest fooag SdBENP LY covanewm®™, &n

-

attrtbutefscore of § may be o minimal attvthutedscnrs such that fatlure 1o achisve thet attributedsons
i

3

wanld rosnlt i riagiion could

qualification. The base length threshold for the sitrilvutedseore

be bower or higher than 4, and vould by oo 1S, 28, for example, Dy more gene

ov than 4, The st vor Ui bimsey and could bu g o

ive g

copyprex Baear or non-Hear funetion of the nomber o SNPs within the g

=
[

e fengah o base patrs,

NHIEES oy emdbodiment, s reverse SNP scove may bewsed and e be given s namerie
R i aw embodiment, > SN seove waay bewsed avd ooy be given o pumerioal

attribute’s

crgth o Do paies o e voverse primer Guch

~ o

(ke e 1T thiore by

of 4 base

cwerthi

langth

vorse SNP soore may he i{i*@ﬁﬁ. & nomerieal attvtholedscore of 1 i

Ve privsde. In soame

ennme Browser Web Page

§ oot Hrmdted to, the SNP referonce b Joornment s AR
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ativthute bty sy that Bithure o s thed atiribute

N

it} ped

ol vesltin d The hase length threshold for the aribut e determinstion comid

i hevwer or higher thane 4, and conld be 3, 6,7, 8,6, 10, 13, 20, for example, o more generaily any

v thaw 4 The atribag

posttive Integer k ove coudd be other than himrjf and vould ke 3 more

complex lnear of non-hnewr fanction of the number of SNPy within the given length of base pates,

A I an snbodivoent, & Toreand repoal score wty be wied avdd may be ghven o porsuriesd

agtrtbutedsoore of § il there s no repest within g 3?‘ o fen \,: of Tase 3 the torward g

2 piven & mpnerio

e, Inosoms

crnbodintants, knovs vepaats mny inchede cwe v maors repasts reposted by LIOR s Gevenne

Brovwser, S example v

v the repeat mussked hgl® genome from VUSRS

=

An attribitedsonre of | may be g miimal atir xhu{&fse-‘ > such that failure (o achi

stfribnatedisoors woukd result by disgquabifioation. The base leongth threshold for the s

o vould be fower oe higher oo 4, and sould b 8060 TR, YL 1S

fve mteger larger than 4, The atird e ontdd B onber than Mpaey and
centhd be g more comples Booar or non-linear fnotion of the vasnber of repast
longtl of base pairs.

R ERY I codnlimen, a e

S0 vepost seg

e >

T there oo ropeat within o glves ength of base

sttribasodses

e s far {such

as 4, for example) ar a numerics! sttribute of 8 i there s one or move repeats within g hmgi‘h of 4

e of

. d one envbodiment, the reverse repent seore may be given 3 nuperizal attetbuts

2 ix Toss than 30% overlap of the reverse primer with known repeats, In some sonbodiments,

T OF HIOEC TN partesd by UORE s Ownomwe Browser, for esample

e o

vepest regions e proviged by the repeat masked byt gevome from BORT, An stiribates

By

oy be s nunind attnbote’score such that fathure o achieve thet stribustedscore wonld resalt i

disgradifioation. The base Tengtl duesiiodd o the atnibae idion coald be ey

e f 06, T8 5 10, LR 20, By oxswnple aw i

<stiribstedcons could b other than t&im:‘y and condd be aomore somplex

Hnear or non-Hnear Tunction of the number of repeats within the \s,fkuﬂ fongth of bege pair,

H 44 frovarbons ié’iiﬁ}s}s;ﬁi‘n@i‘iiﬁ;. pae or more of g f e, 8 reverse iiphst

00T, 3 Morwn
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forvard O run soore, 8 reverse O run seore, 8 forwand T rus seore, and @ soverse T oo svose, may be

usod and 1 Fen & manerios cowse speal 6 the sumber of Torward piphets, reverse

sriphaty, forward & runs, reverse & s, fovwvard O suns, reverss O rans, Bward G s, reverss (G

orward T vuns, and reverse T rung within ore of § nupy bea

o primer. An afinbu

ributedscore for the triplets such that fathere to romein at or below that gtivibuwtefsoore

Ao stiributeisrore of Sy be s ritastosseore i

suteh that faifure o remsia el oF below thy

faetaty ifcation, The

aetvibuteoove ooaid be other than bipary and could e & more comyplex
of the number of ipletsdnns.

{8148 Irs an embaodiment, a of the pr

ength throshokt snd & makinun privey feongth, and s dsogth seove for dwe p

gota shovier than the minhmen privser longth theesh

feed

tongth gets longsr than the mastimum primer mgh threshold, In an embodiment, the minimam

privner lengih threshold may be Hu

RGNS SR W TG S B R RROE S

. Yor psnphe, aod may also e 17 IR,

er Mzag}h thresbiodd may be 38

b, b embocliment, the secimum pris

enshudinents, the ot privoey length theeshold may be

38, and 40, fiw R 23,32, 2 and 20, for

example, and may slso b

primey longth criterion may

safisfiosd, R example, and that scorg mny go down o 0.0 sepes fronn the
mninum o maxinmuay leagth thresholds Fov example, iF the maximam primer & *ﬁgm threshold were
soesd I8, 0 0.7 4

thovs 32, a0 i

aef o 28, then the score could be s

to L0 i1 the lonpth does v

W the lengthos 30, to 05 i ihe fongth s 3L 0 85 ihe

svied pre Q8 88 e dengdh s 39 e paoe,. T

£ 8 aod ser, il the fanoiion defly

E’:r

shakd eoeld he any other or move complex linsar ov non-finesy fusction that does

e for peinner that Butbher diverge frov hagth theesholds,

ey

N

\{?,‘ﬁr T harses} i the prinwers may

disoreass as the number of { bazes {m‘: af A, O o > an iy treshsld, Inoan

hroshold ma

enthodiment, the maamunm thes

o &

506, T &8, and 10, R sforof &, Coar T
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ye

Y eriiprion may be given @ score of LU the maxionam threshold i saiistied, for cxample, and

it seoowe sy go down 1o 0.0 w8 the sumber of G bases vl AL 0 w T thae

e throshold, For example, i the macimeny theest o xet e 4, ther the oo

&

selto L0 i the namber of G hases forof AU or T bases) dues not exveed €, i 0.9 1 the number is

-y
!

3, 1o {8 Hthe number {5 6, 10 0.6 1 the number i 7, 1004 i the nomber is & 0 002 i the number s

&zt ter G I the wotenber s 10 g oo The soone coedd B acaled bebwenn vadues other thas 08

ad 1.4, of course, wind the Tunction defining how the

A

hotween the mumber of G bases {or ot &, O, o T hases) and the maxim

.)

other oo more complen Eoear or vov-linear funetion tat does not lead to mtreases in soore fw p'rimws‘

Trther div

that ¥ e {rony the i

D
Y

e

AT iry sy cnbodinmng, B nambers of Soptiguos §

priners may be set so g o decregse s the mumbers of contigonog

A=s

e rmax b threshold, Toow ombodimest, e maxioum throshobd for contiguous mas

3 gl the maxtmny thresbodd S sl maches ervbod s, Hae roasinnam

5, TR U TE L 1 L and 18, for example. nan
oy oriberi ey be given a seore of
sou may o down to Bk as the

o fodad menhes la g mp divergs B the corresponding

maxionnn thresheld, For mam;ﬂs Fthe masimum threshold for contiguous matchss ware st o 3,
ther the seore conld e et o L0 W the number of contigusus matches does ant exvesd 3.t (0.9 Wihe

¢ pimrbher 3% &, o e nwmbey i ¥ o 0] ke

8 and .0 the numbey B 9 oy more, Bawe i for ol

eaphe, ¥ the masimpn e

sstehes weve set o 3, then e soowe condd be sod o L0 the nsviber of telal mstohss does reg

%

% 09 i the number 2 8000 O the nornber s 7, 1o 0.6 i the

Fis R a3 ithe nomaber i WL E ol nuaber w0 L, andd s 08 i the neondeer is 12w

s be sealid betwoon valies other than B0 gad 10, of sourse, and the funetion
deffning howw the seores vary with sn incressed difrones between the namber of contiguousfntal
waatehes md the corresprnnding maxbmum threaholds could be any other o move complex finesr or

N ™

non-lnsar function that dooy not Iead 1o incresses in svore for primer that further diverge
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4S8 I an embodirnent, o sumber ol O snd O basey fwrany wo oflthe AL C, Goand T

bases of the priroers may be laoted by & waxhioum theeshold, apd

corresponding score for the primers moay be ae so a8 to deoresse as the mamber of (5 and € hases (o

any twe of the A, O 6, aad T basex)

Yexoerds the readnna threshold,

{1y s eobodiment, the

maximum threshold may be 2 In other embodiments, the maximuam threshold may be 3.4 and 5,
i

for example Inan arbradiment, the sumber of Goand © bases for wny bao o thee A, UL 0 and

-

critgrion rgy be given o score o LG o the maxawaan Ehs't‘.;ﬁ%‘g{}ki

oy,

bk satist

Nog il

that acore vy go down o (b s the menher of G and C bases fovany two ol the A0, Goand 1
baoses d diverges frons the maxinnan theeshold, For exsmple, i the magimonm thresheld were set o 2,

i the numher of G and O bases {oramy two ollthe A, C Goand T

bpsea} dows not exceest 2, 0 R W the sumber 03, o 0.3 3 e mrnbey I 4, ol o U1 i the nombey

il LA, of course, and the Fanotion

5 5 The score could be scaled hetwsen value
defining how the soore variss with an inoreased ditforence hetwean the nuwber of G gad C bases (o

3]

srey fwn o the & C 0 and T hases) and the musimas Borvshekd could be gy other or pwre

conplioy Bacar or son-fawar Basetion tat sad 1o iRrorss 1 score Ry primer that

s Frowy the sshold, T other smbodiments, this ovitesion sould consider the

vapribor of O snd O bases Qor any teoof the A&, U0, snd T bases) s lrgee windors of Tases, such

a5 I the Last six bases, the lasts
RS S I coduslimen, a e

haasa} i the peivsers owey be Hwtted by oundousn sud saxinues theesholds, and somesponding saore

o exampls,

ik of U aod O Dases {or sy tvo ofthe & C Gl and T

for the primers may be 2ot 30 a8 o deoreass as the nereentage of € and € hases (o sny beo of the A,

) X

£, 40, and T hases i from the minbount or masimuns theeshold, In an ombodimens, the

1

Hold may be 8.8 {808 Inather

2300 s the mwxioaen thres

o) and shout .3

sy about ¢34

K mmay bo any poroniage bely

sy be any peneentage bebwsen sboat 8 (R0 and (L8 {30
vtage of Grand © hases (or any tvood the &, O Goangd T

i il iy and masd

por o

oy of thie theesholds s not sutisfind, The seo

o8

for example, and et stone may o dower b U0 H elt

conithd be sealed bodweonn velues athor than 8.0 and 1.0, of course, smd the fonction defining how the

coe variex with an iscremed difference betwoen the percentage of G and € bases {mrany two of the

) and the ranimum or nainnen teeshold coudd be any other or move complex
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Hoar ar ponchinow Tunciion that does net Temsd 0 Inervases in seorg for primwer that further diverge
From the mind

HI S0

& U of the primery mey e bmited by

wniirimnens ansd mssimons th

cowe fior the primens may b st soas i

decrsaze ax the melting temperature diverges from the minimum or maximam threshold, Inan

sonbodiment, e mivamuans threshold maay be 60 and the masimaay throshold vy b 67 wath e seest

- gbodimerns, the mnimun threshodd gy begvalue b

s botween about 62 and ab

about 33 and aboat 63 aod 1he oaxdonen Sweshold may beay

sinimam and masimam thresholds are saualiad, for exam

3 Reore may go down o 801

eithey of the threshobds s oty The scove could be soaled betvwesen vabues othery

o

1.0, ef course, and the funotion defining how the seore variex with an inoressed differencs betwass

the melting temperature and the minimun oF masiman threshald could be goy other or mors

crmmples B or non-Boesr funetion that does not fead 1o ineressey i sees S primes tea Bacther

hold, The sclting

el o {neorpeerated by referenes hesain in fts oving

o

ey miay be Honutsd by g

A RS § fryam ontundionent, & prismer-dimey propensity it p

<

ey inney hrashiold of contigeces privosr-dioess ot the 3° sud sand s maxinnes theeshold of st

.

poeitiguous mafches over the full longth, and corresponding score for the primers may he sal s as o

decrvave as the primer-dimer propensity diverges froms the maximum thresholds, {s an eonbodin

simer-chiers ai the 3 end soay be 4wl th

olal cirdiguous wsiches over the Tl lengib awey be & 1o other conbodiorents, the

e

st threshold of contiguous primer-dipees st thae 3 e

abesat & and the masimens theeshold of total contiguous mateh

Betweeent ghowt S and B Re ﬁ:ﬁ;ﬁiﬁ;ﬁ b an grabodiment, the prisser-diney propessity orieriy m‘m}f

e %

hat st ey go dowe e 08

.

Be giver @ seore of L e fhrdd, For sxampde, mmd s

e threshold 18 o sstisfied, The seore rould be seaked hetwesn valoes other than 0.8 and L4, o

course, and the function defind saviey with an novensetd differones botween the

primer-dimer prosensity and ihc maxinum theeshold could be any other or more complex B
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i

at does not ead o Increases I seore for primer Ui

HrEse i an embodiment, 1 percentage of (G and C bases for any teo of the A U Goand 1

ran aud maximum thresbolds, and

i s aeuphioon seguenee may be Daviied by
covresponding scere for the smplicons may be set 30 a5 to decrease as the percentage of G and ©

R i

farses for sy fwovolthe A C G, and T bagesy diverges o the wlimuam or nesdnnan theashold,

sid thye yoaximum thysshold may e LU

o

i the mnimu threshold sty be LB 3 o
it other ambodineniy, the nuninu throshold may bo any percentage betweon ahoat (1

¥ and the magimam threshold mgy be any porcentage beoween about U78

roxamge. o an owmbodinent, the peres

afthe &, O, G, gmz;@ T bawses) ovifarion rowy begiveron ssore of 1 s and maaioum

5

threshobds ave satisfied, for \,\angh. et tha seore gy go dove o 8 B either of

3

fibhe throgholds i
wed satisfied, The score could be scalad betwoes values other than 0.0 and LA, of courss, and the

fanction delining how the score vanies with an inoressed difference botween the percentage of G and

€ bases (o aoy o ofthe &, O

£}

5

> reiainan of o thresholl opud

cand T basesd and o
Ay ehor ov e complex Rpcar o son-nsar funet

snpticons Gadt ferther diverge Trony the ndoiraen ov maxivmns th

EL U B i an ambodisnent, a length of the smpHeons may plicon

b and @ maxhmen smphicon kongth, and o longth score for the smplicons may b st so

o

3 the length gots shoster thay the minimanravglicos longth dreshobl and o devrease
as the length gots longer than the manimun amphicon length thrasheld, In an embodiment, the

misimam amplivon length threshold may be 1O Iy other enbodinents

fween gheut 30 and aboat G orexample. In

shiesled oy b s sadue &

reyhadiments, the masiones smplicon

pasy e a value bebween about MH svad shosit 280, Tor example. o an smbodinent,
L0 the length thresholds wre astisfied srdof
G0 wither s o satisied, T another eonbodbmunt, that seure may @ gr b DD st aenplivon

fengh diverges fonn the mintium o maxinnes ugth thashold, For soaenple, i e siax s
sonplicon length threshold ware sot to 2440, then the score conld be sal o 10 Wthe kmg.:fsh shines not
exoesd J40, o 0.8 1 the longth st loast 230, to (L6 1 the length is ar least 364, to 104 i the length s

MY, The

i the lonpth i o foast 28

cersh be soaled bobween widues other e O aad L8 of conrse, aod the firsction
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o

defining how the svore varies with an ineresss §

shive to the theeshodd oo b

srwes i soors o \%KNF‘?;W’S%N%

G roore cornprox N or ponUnesy fanction tat doos st fossb i ine

that Tarther diverge | reshalds,

R b 1 Acvording o ¥ :xesnphxrp mphodiment, there 13 provided & methed for se 8 i

subsst Owhich may be reforred o as “iling™ herain) of amplicons (which may be refiored to a8 "iled”

b

pdivrs for goveeriing one oF more speasifie

vy

ciwd {rom & gmwﬁsﬁiiy of candidate s

Susi; PR OF S0ES pools

LR Application Serial

‘\‘}\1 3

TR, dmvendors John Leamon, Mark Andersen, and

neorporated By roforencs i He ondiret

JESS Aveurdis it exomgHary oo L o o e e ey of sy v

ny

v o e abnesdin

i‘ﬁ“»hﬁﬂgﬁ andfor sxeraplaey omdodiments may be porformed or

configured andfr programmmed hardware andior software slements,

sent i implomended sding haedwars andfor sofbware elomenis may

Y Barsedd on any mmmber of Brtoes, st as degad cirapatabona! sele, poawer Tevely, heat olivanoes,

ax, dida bss speods, Qe

<ot et rales, custput R TR, PRITIOEY TeR

PYOORsNE

CTRITREEES.

\sm af Pt iormsee

k)

vt other d

£ St e way nehude proces

M CRPRCong ‘31}&'_‘ftﬁ:ii‘.¥§'& swined 3

(,
»4~

tegeated oirouits, application spect

W integrated cirguits (AN, progransmable logie devices

{PLDN, dighal signal processors {DIP, feld programmable gate array (FPGAY, logie

0' 1

9] j’::,
;_.
J"/
>
vy
%

ki1
o
s
4
%
5

The loealw

- srreroehips, chip sets

s o prhor wired or wiy

reaters wind recsivers, wie., W aliow appropoiate aow are

5

crRnponents. A processor i a hardeeare device forexecuting sofbware, partionlarly sofbware stoved in

IR, S enivad

s b gy vostons made o covmmersialiy syatiably pro i1

srr s ilisey pn ol with the

JELRRLH

comnpter, a sentennductor based microproces form of & micrachip ov ohip set), o

wacrapBeeRsar, s genarally wity device for sxecudng software instructions, A& proce
wocessing archiwoinee, The O devices can include input devives, fr

wired, 3 s, 3 s, 8 mivrophone, o mal sersen, an e g
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Laser readet, a radies

% harcode

wapder, & sivies,

Proguuemey
sxanypie, & printer, a
devives that conumuni
{modem; For aecsssing another ds;‘k wg, system, or nebwork ) 8 radso froquency (RE) or other
franseeiver, o ieloprhmie Inteeface, & beidg

HIST Eaamplos of's

B roalse, o

commpter prograns, application programs, sysiom programs, machine prograns, ope)

¥ S

software, middioware, Brivvevare, sofbware modules, routines, subwauiy

furntioms, mothods,

procednes, sofiware inte

gt progeam fwerisees LARDL mutrantion sely, computing

s, soroputsr codde segrnents, sords, values, syodhds, ow any

o i menory ey fehede one or more separate prograse, which may

melude crderad bstings of exevutable insts‘usiims for implemaenting logical Rmctions. The software

i memmory ay include @ sydtern for Womtifving Jata strosas o sccordance with the prosest

resedvings asd vy cuttatde costons made v el

b comguiter progs

1, aed provides

mput-outpat controd, file sod dats managoment, sy b

ISRt Cornmenanon contesl, wlio
EL 0 Satd Agconding fo various sxemplary embw L, one o move featurss of any ons or

e

mors of he above-dissussed s::a'fawiiaia&gs: ahg oy

durpented using appro
¥

mediua or articls thet may store an instruction or @ sot of instructions that, Hexse

may cause the mechine fo perform & method andior operations in aorordans

. Suech g machine

atle, fr example, any suitable prog

SODPIET, PROUDRSOE, X

suttable conbination of hadware andfor sodtbeare. The

sy, fae smmpkﬁ_\ ST,

sabde or non-orssable media, weicable ov re-wriieable moodiy,

st or anslog media, hard disk, ﬂnp'p‘; disk, read-mdy premory compact dise {UT-RUB)
3y

tadisg (OB, rewriteable compact dise {CR-RWL optcal disk, magnetic medis,
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VDN, o tape, @ cassetie, o v oning

suitsble for wse in g compder. Mamory can

iciude AIY OO ar |y crnbingtion of s LR SR e N randomms SUoesy memo

suach ax DR AM, BRAM, SDRAM, sto 3y and nonvola
ERRGH, F

glectronie, magnetio, optical, andfor other types of storage media. Memory can have a distribated

drive, fape, OB

grchitecture whers varioms components are sihuated remsde From one anather, butare stilt o

The instructions may wehade sy sutsbhe tvpe of codey sue

se ooty statie code, dynaic €

ovel, fowlevel, object-oriented, visual, vompiied anddor

vpwetisd progr

:‘._E‘Eﬂifli? *dﬁ EeE:

HU R Avcurding & van

P, ONTC O REEY mnuz\w 0? Y LM O

s oy oo

wore of the ahevee-disouased reachings sndior sxermplary snbodiments may be perfirmed or

wpdomented at Jeast partly oxing 2 distributed, chustersd, ramote, or cloud computing rescurgs.

TE L Avvording oovarious exomplary corddimonts, o or mone Ratares of gy one or

serformed or

ol thie atervesdisoussed eachings smbior s;:‘.};&:ﬂ';;ﬁ#i;&ta?y erdandimsas nay by

comnprising o oset of nstroctions to be porformad. Whena source prograns, the program can be

T TRy OF iy not be included within the

sranshated vig o compiler, sssembler, intorpes

o syperats propeehy By cumection

8

) st algeet oviested progranyuing language, which has classex of de

thes, suhroutines, andior fanctin woh may

Pameal, Masio, Fortesn, Oobesl, Pogl, Java, and aadn.

fﬁﬁi{iﬂ splary ool Lo v more of the abosoadiscussed

tting, displaying, storing, printing or syipuiting lo g
user interface devige, ¢ compater realable storage mediurm, 8 Joca! compater systom o 8 vemoe

. o

cemnprtey system informstion related o any information, signal, data, snblor ivtermediate or fual

ey thut sy have bon peaened, aeceased, oy vand '3:33 sl exomplary smbodiments, Sl

on ean ke the B ol warchable

pived, storad, privted or

snckioe flberable lste of runs and E"ii‘-ih“}i'i‘f&} pietures, Wwhles, charts, graphs, sproadsheets, corvelations,
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vib b ome or e od the abosese-deneribed ¢

5

andi

ropenting conditions s

m.,

emhodiments, Furthe, i ehould b ands

Canowder o steps on opder Tor purforming Curtain

actions by nemteviad so loag e the olyective of the steps or astion remain achisvable, unlesy

b B

an by gonducted

spectitoally staid atherwize, WITE, P OF MOS SIepS OF aulions

.

stmuhansously so long g8 the objeciive of the steps or gclion remalag achievable, unless speeifically

stated othenwise, Mogeowar, any om0 more foglure, camponeat, sspoet, step, or other characterisiio

entwdimenis v swsidied tobea

Fany other of e aboves

&

Foptional foxdure, mmmsm:s‘t SAPNG

o

F e abovesdincimsed

SRy &

§§iﬁ'§.63§ Yartous slchtionsal exeimphry cmbodinmnis sy b dervvad by incosporsting o the

N

ends s o move of the foateres deseribed b BLR Pal, Sppl.
1ed Septamber 18, 2008, and LS. Pat. Appl. Publ Mo,

eptoraher B, M, e contents of both of which sve focorporsted by

A

s, Ihe araplifiod gt sequonis

b wsad fu vanows dowostrenn analysts or assaysowith, o 1, Tarthey parification or

For sxampde, the smplified trpst ssquences own be clonally amplitied by tech

1, seelt w Debdes abe o emplate hbwary that ¢y
nerations sequeneing, B soise embodimeats, the soplified targes segqusucey of te
ing template Hhraries can be used for single nucleotide palymorphisay

igenatic ;mﬁiygis, copy number variation analysis, gene M\p]n\am

TerE

e sequevieing, targeied rose s 3}5&5‘&&%%& seserbly

- waplified target seguences can he used todetect mutasiony af less than

%[QQ\Q\

In anothey ervbodiment, smplifiod targ aestmsz.mtw p»;zpmm a3 deseribed hoveln can he :\:m;;}-ms:{td 0

SO FREVENSE [APEK
o B

@:ﬁmm§§~:m‘z«t:m:s.s‘§""‘ or “rubstitially oo
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viepdary™ o the
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. S termed berein Usub

entary W the

s of auedeic seid m vofbrs 10 pavd

: pwpgpiersotiarily boheeon the primer aud

3

o soid raodesie oy which the Hm rowil] fvbridiee, Generally, the feem “substantialy

e F

mn‘tf:i snentary” as used Hereln refors W at least ¥ ity Therefore, subst

conplenien
complementary refers to 8 reoage of complementarity of at least 70% bot Jess than 1%

gornplementarity bobween the priveer and the melete aeid rolensde. Ao

Eory prinser is one

Vst s PO complementar the puclkete acld videcule. Ty one enbiodiment, eg
specitio primer pair s dosigaad W another priver {ov primer pain) in

.«.-»

the aame s‘aminpi POR reaction (La, reduce the provalenve of primercdimensy, b another

~frviars

nent, each largetsp

R IO

san ob mackelo ag fes (e, punimgve offtirest

fio prier is designed o minimize selft
complementar '§§; formation of ‘§3ssimin structures of other secomdary stractures,
9166} frosome ervbo

ety the amplifled fargel soguences ave formed vig polymersse

chan resotiver, Byt arsvers can be acsonphahed i ooe or s TINA

b o embodiment, he podviaerass can by

K

shrEyaty ¢

e pol 1 Bunilyyor any Fansthy B DNA polymerases To some

can be g recorabinant farm vapatde of ext £ ;rszfim s with supertor

5, the
~fdeliey ;mi sorerse o thavmostabde i ssi} merase. o some
ambodinents, conditions for extension of target-spenifio primers can include "Hot Man conditions,

i

for example Hot Start polymerases, such as Anplitag Gol

'Q:. N
B

YA polvmerase {AppHad
i, Pl

se (I B

povase and oee oy more sathodies that indabd DNA polymersse o

L Polvimernese Hig

i

Res

st onbiont temperatuve. o some stances, “Hot Stant’” conditio

6T i songs wmbodiments, B pobyroenase can be e

oo Thermas agpaticns), TH polyinenee {from

¥ Bst polyn

polymerase (from Pyracorons fiefosis), Tih polymemse (Som Therenss

o

I ER S R, {Yean f"fﬁ.v‘x CECH MR W

e (i

<

iy, Th "pai‘ymm*ﬁesﬂ {from Thermnoseous

waritia, KOD polyme

;a‘mzé.s"}, §_ w8y and Pab Ohom Perococons
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I sonne embodiments, e TINA polymensse an include &t lonst ose pobemerase such ay
: PO & R

EINA

A poabvmersse (A ppliad Bosdier

Polvroerize {Roche), KOD pobrmerase {EMD Blosciens

B

M poivinerasg { New

Biosciencest Deep Vent™ DNA pobvmerass (New England Bi

R

England Biolabs), Klentag! polymersse (DNA Polymerase Technology, Ine), Klentag Long

v

o b, Dhost E@ii&:rr‘if’aqm DNA polymense

A Pobyworase Techaok)

. ek Lhaen KlenTag™ LA DNA polvs

Acuuraey polymerase (I

(INA Poly

Tech P NS Pobymerass Havitroge

Bkl Flatnen® Tag DNA Polymerase High Puleliny (ay
Avcuprin

HEH G 188 som wnbe

ogen s, or Accaprime™ Tag DNA By

wens, the DN, edyonerase con e o thermosty

0

X

By some enbiodiments, the miture of dNTPs e be applied conpurrentiy, or sequenti

vandony or defined order. I some embodiments, the amount of NS polyimerase present in the

,‘4
rm

ultiplen resetion by significansthy higher thap the amoant o DMNA polymense used o g

Ax deBioed herein, the eom “sgaifioamdy ghes™ refirs

gorespanhing sivgde plex PUR seaction,

su the mdtipder PUR rescticn ss

an af st 3-fikd Msm contenirstiin of RINA polymomsg pr

cironlarization of

ampiifivation prashiag, &

8178} Iy soma einb

] gﬂm‘ﬁiizy of suelete scld molecules sd Hpating the

=

farget sequences i 8 sample containing

e

»

for e in

- one adupter andior barg Solapizes and baromdes

ave well known fir these o sl wthe ant. The

ek iy the gt By

dedinitions of s
::};'aﬁli.?ieg the use of bavessd wis ol mulliple savpdes, sowvoay,

jous of wael tiplex resction, A beecoded and amplified

Pepdoatly @ shovt 015 munheotidi sogquenee,

f s ‘h‘ss: miﬁ oy apsthor anplified swelols

o Bl foekiie soid madeonies manis the hetvode comiat

tors affows for the enpliffuation of sach smplified nue

s roduey strand bias, Sdapters san i

modeculs g untformed manner sud B

yoan b wsed downstron to pevforas o or mose
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raparaad by the methods disclose

of dovensirenm ssoa platfors Tor olovad aa

fe stvand fow “u&’*\“‘{u syt amplification wsing & sevond et of prinees

iy

sdapter can flmotiog g

R

apter-hgated amplified «

amed there

ad sl ification wf's

some emboduments, selective anmplificition of farget nuclele acids to generate a poo! of somplicons

hs

gan frther congabas Noating e or more baveodey andfor adap

A Barvedes {.i..ii?@ ¥

Ef?iﬁ‘?‘ii The netheds disclosad hisvein ave divooted ampiification of madtiphs targes
sequences vig polvmenice chain seaction {PCRY I some mnhmiim;;ms; the multiplex PCR comprises
e, oxtending the primers

covvoe of g DNA

VP reposting the hybridi wops fou suffivicnt Hme sad

.

erature theve geversting w plurality of anplified terget sequences. In some

gnbo plex anypdification reactine method can be performed in any
orden
81T The st o naeld sl vegueiresd B snceessful muliipley sooplifiogtion

can be about ng b some sodbodimants, the amount of nueleie acid materiat can be ahowt 10ng &

{ag o abom 200 ng of mucisic avid matsrial,

about 5O ng, about 16

peet of the disclosore Is 1o selectively

¢ plurslity

san inehade s

A%

tofdes ot least one

kb B8 ;:‘sm"f‘a sfuner pads ar

hyhridizod primers sre extondad Q ST iiing au eyiended ;yg*im;zf _g}-t‘ﬂ{iu{:i'.f'.mu‘!us:: actd duplex; the
witendad primer producthucheie avid duplex i denatured allowing the con 5:3@1@&»::‘;1&3?5 primer o

bvbeidize o the extended primer pmdud wherein the complomentany primer i exiznded 1o genemite

methods disclosed hoerein hase

] farged sequenes. ¥ oo cobod
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about 3 o ahout 18 ovoles per proamplification n

wles per preamplifivation reaction. The snnealing tempoenyt

svsliog durstion perovele can be ideabieal) o inelode nervamenta) nercases o deoroases, o a

combination of both, The extension femperature aulior extonsion duration per oyvels can be identivaly
can invlude mevomental insrerses g aiple, the annealing

In some smbodiments, the

{Emperatare oF xAensicn EmPeratuee Can remham conslant per oy

san neremntally

avmeniing eparalue g renwin constant each

1 dunshion cain ooy i BY seiond,

wine embeahimens, incressss oF deg

srenis. In soni sinbodiments, ireases o deorsase

rus devintions, by xome smbodimenis, the

Ty o

o

POR predduets. Othey techodgues soch as the ey a;\a%\imm feation oy p%‘sxw separation of one oy

#_.

wmore oritical resgents of the regetion, for example the magnesion o DNA polymerase oo be

which melis 8 they reaction B hested doring the denaturstion steg,

X

sequesterad oy was bes

sedensing the reagent sady o hogber teagratures, The BINA podymenase ran also be

state by bnding Gean aplamer or an anttbidy, hor femperstins,

redenaing the Tnctionad PN & pobanerase sed with the POR anlvindered,

9T {11 503

or T aner-sontuning amphi

ving can optioally nehede treatd

suparvopiicons. In s smhodbng 3 the privoer
andior amplification product so gs @ cleave speoifie cleavable groups present in the primer andiow

DT

anyeiification produst. s some embodiments, the weating ey fnchude partial or conyrlete digest

iy one

'azzs'pﬂgiﬁ.i;: g}riim ‘r§i.‘g§?\‘(}{§ﬁi§?§$§iﬁg the Irending can el rz:sms;wimg sl

frovn )

”,_

p destruction of the Belages betwesvone or mare nue

%

g, or botseen surt o v peclootidis of the wophification pradust. The prive aadior the

Lan optismadly include one g s sodiled nadontides v nucloobs

some embediments, the eleavage can seleotively ovonr al these sttes, or adiacent to the modified

}

chevitides o nuecleohases. In somse embodiments, the cleavage of wontment of the amplified targst

YiiE

vol u phosphorelited smplified torget sequenee. by some

)

seguente van neelt o the forme

Y

seguenes ¥ phosphoryisted st the 3
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sdduot includes

7S] i somw embod s, the templade, primer unphification

0

gobodivnens, the

pachootidex oy nucleobases that can be rocogieed by speotlic soeymes. b som

o enwymes, Ulptionally, the specific snrymes can

B

schentides av nocleohases can be bound by specit

o

3F }lii‘ﬂ}‘ Hfioation FrG rochsct 1t ohe or more sites, In some

abso clvave the tomplate, primer s

can ocour at specific nuclentides within the lemplate, primey andéowr

e

e toopshate, privmer andior grplification poadust can aclade

i

s ncluding weacH, which can be recognisd wlior s

A ghvooaylase (LM, also refirrad o as UNG o formanudopyrinnding

af The toraplate, priveer andioe arupdifiostion produst can inelade ope or s

v

Pespeeiiio bases, which can be revognived snddor cleasen

dhiles or nuclechses incleding R

by eozymes such ax RNSsell, Iy soone eudundinowy, the ey andior snyplifisation

g various

Ey

prostuct can include one ormeve shasio sitey, which can by

wroofreading polymeras ase treatments, n some eotbodiments, the template. primer anifor

¢ T Rt droeSeosoguaning (BaoG mchoushases, which cancbe

¢ o more gpdibied g

e Isome wenbodinents,

ey sstid by g FoPa seagent.

08176}

or cadfor amphfcation prodect imchedes oo or soore

£, base pair, with other nuclsotisdes, S example

hages, b some cnbodininty,

amd adipcent nuclontides within the prinwes andior anyplis

sucleotides ungifocted, For sxample, 1n some embodinents modif

whottides can base paty with o

that can be sefectively disnuptod yvin alkaly

Sy

X “N‘ut“‘ﬁ o tides oo wr aay

o
X

i tha prime “arnplifiey

Lt

& st pade, with other suckeotides i a com

¢ exhibiting docressed thermal stalsting redative o typleal hase painng

Hnkages formed between natural bases, Such reducsd-thermal stabiliny

Geet theough exposure of the primer andior smplification prog

Following woplific

68



WO 2014/012107 PCT/US2013/050531

i A exemplagy o ts # sohomatis sf

with eithera &

degradable smplification primees. The smplificstion ;}i‘iﬂi&f_‘:ﬁ:} sivse bsad e dn designg

universal forward amplification sequence laked o8 37 target-specifio forwand priveer, ova &

0y soe linked o g 37

el reverse amphification seg v, Buth primers
covtain moditied nleotides.,

HHIETS oy novevie b

ve pwy oonwnen nuekic acid sy

seguenves. For sxanipie, Gegetsposifio e aod reverse primees tan &

that do aet cmpet e primer paies within the primer pood © any

s, priner paivs that do vet compets with other primer pates i1 the primey

1o o spurions smpi estion ;tttﬁ.?ifibiflfii'??. T st

s devdie

"
=
P
S
xt
.-..,.‘
(2
e,
P

i the priveer

W PiE

e po-complomentey or non-hdentioal e othey primer pades i the primey g\m\»i o multiplex

saction, For exaompde. the prinwer pairs within a primer poed oy madtiplex reaction can differ by at

i

ot besest DO, at lonsd 209, at leas af teast $0%, ot losst 3055, st lonst 60%., or ut loasg

T8 gk sntiny o adher pram

ey poed or muliplex reaction.

g oth

s cheajpned to st e formation of primuediswrs, dimeeding

sitton prodocts, Typlesily, privoers ave opainsead o roduoe GO bies and low

-~

s { b durtog the smplifieation reaction., I some
b

RO o ahout O, 800 1o whiont 8%

ot T3 T soene ervbudiments, the peiowgs of g

3

C, o S to showt

é.f??"’{";.. I some ershodimaents, the primer poacl can possess s T, that does not deviste by more than
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T e sone embodiments, the largetspecilic priones do sat e # carbon-spaTer or

germnina] Nk Boosome cobodinnts, the s varged seiusmees de

not contaiy an enzymatic, magnetic, optical oy Thewese
[H0180] The termplat

upstream O downstronm regians s

R

codon of interest By beacketed by s foeward any

X e 3 R

S M\mz( o the anypdifeation and

s o baronady for subseguent dowmstresr appdicatioas
neing, ol In soms mﬂbm‘iim'm_ni& a barcsahs or key oan be inoe g‘mmm% into vach of the

st prociucts W arsiatl with dats sealysiy and S exsaple,

senbodinments, the bavoodes can be fon Tomeat™™ KA harvodes {:i,i‘“.‘:‘
8

nuclootides o slfow Tunctivnally mmpicm degradation of the

s the primer includes & sufhioest samber of medifiad

primer by the ol s irostment, bt

{ere with §

e RO IRy 8% T

3 §N‘HW s suhi g

rapde b the ampdifioation seaction, In somse spabogdimont

fast ove wodified mucleotide, Dat no grestey than

EL O R i some ambodiments, mubiple ditfers s inchuding st least one mnd

e
st

primer {or et of primersd 8 e]e*msaiv i-n:yh;‘édi;ﬁ 3 80, angd prometss qmgs%i toatinn of different favgat
nucheie anid moleoulss within the swleir scid population.. In some smbodiments, ditferent primer

v ob gt Josst ahot "»i 08, IR4, 768,

af o the amphiy

DR 300 A0 oy TR s

st that can theevetendly b sanplifiad in 8 seguencs-spectBio mannee 0 the s n;\m\m@su
resetiond. I sore embodiments, the modified primers contain at feast one medified nuclectide senr
s 4 U et of the primer, Iy some rabodinsnty, the modified privoers Couiain two or moe

modiftod nuelest tha privaer s vty oo B, the prisser e

containg a uraci! wear, or ot the termint of the priwer sequence, Por the purposes of this disclosure

ferping of the

e oy Y afers up to {1 nuclontides
- prner suguenos vontiaing a wract! focsted ar, or ahont,
s sequence. For the purposes of this disclosare Yat, or
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abou th of 3 ursed

eener nucheotide postiion of the primer sequense™

cesvvr snelootide of the primer sogpronse o seithin oight nuele G i stibsr g e ¥

e conter nucleotide. o one ea’*ni‘maii"gmm, th targetw;gﬁ“.i?‘ée Ty mqmm & LA

flest

iR B

SOMTAN @ mmiii £ o phnt the

A some m‘buwum{“,i}a fength of the forward or reverse

nucleobase at the 37 aadio

qrormas wien o abosd 15 for bt 40 bases in engthe D sose anbodinenis, e Ty ol the

s oot b il S0 0 about T30, v some

. the priver pairs are desiy apdify aequen

mwdevubes oy araplivons that are shout

w3 I some Instawces, 30 amphification reaction san

sth the intended amplicon roduct as well gy enintended, unwanted, nonspecific

Tostion artiholy w fieution, the meachions sre Sy e

soh as 'p.s*imsz.s‘aa{ii R

\i ety

o

soviog o destroving the spes

pan includs praciboontaining g

foptsmally with howt sadior af {1y xome endy ¢, the privoers can inchade wracib-contsining

b

nucheotides that oa he \::i\sw\e:h clogved sing TING sl Fpge By sosve smbodiments, the sbeavage

sreatment fncindes exposure o asidizing conditions for selective cleavag Ix, treptment with

ENAseH for selestive slesvage of o

Fhis

fied nuclentides including RNA- ¢ modeties {e.g.,

chimyvs

,/

fraernenty tha

freto sy} ncloie

X

e sl

cach, Rool Bsgroents are trpdoally tocapable of promooting futher

~

Mevated temperatives. Such fragments W verioved relatiy asthy from

araplifio

the reaetion poet dirough the varows post-amphilicad sy Rnowsn i the ast (e,

stpsisting, ok

1681844 frosome b

spriryudurnns, B0

uts, amplifioation 'g_a'rmimtizsa follewing closvage or other selective

3 5

disstraotiver of thenucleg BES of the modified vuclesti

des are optionalby meated o generate
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b o polymerases oo be wed o genemge ¥

sion produvts, Inoone soabaoslimendt, en

phosphonyited amplilieston prodocts. For esample, TS polymerase oo be used 1o pregare ¥

N

plaphoryisted amphcon products. Kietonw can be used i comjunetion with one or mors oty

SHTV IS mplification products witha 3 phosphate. I somw smbodimenis, of

eogymes kncwn i the ad can be ased to prepare amplification products with & §7 phosphate group.

ation of aeartd nue i ey Hication produsts with te ouavme

amd Ta ﬁmh prerase ca be usid o cenmrate BT

fiauton products with g plasphate

5 ternunt. el be spparent o one of's s, uther than those

o

spevifivally described bere

such varlstoms and i

fiut are appli
Cranpositionss and appiratuses disclosed hevein, without ressvting &0 vady *.me;}miis‘m:ﬁmﬁ:ﬁfsm sy

considered withie the scope of e disclosars,

nents, primers thay are incorporated m the itended {speaifie)

Tostion prosduety, these primess are shwilerdy cletved or destroved, wsiiing i the rmation of

resh weithin

iomtion product are o e

et be addy

SESHET

e designed to comploment overbangs smtroduced nto the cloning

sticky endad Hgations

s Ty neud 1o by

P

. overhsy

77

f ol ntural bases, o thiy manaer, m,zhz;e;*s:gm:%m
copies ol the amplicon

witim, Aherathaly,

the stioby ends can be rovwsad nstng some Beos of fl-n and Eu: afion us}g

shansmase can then

N

farsvard and reverse primers are someated to the teopdates: Ay

extornd the privers, and then g Brass, aptioosily @ termostably Hgase, can bewilized

ids, This coulid obvissly boe alsw scoraphistied ey

hedes st «

.

rogetion pathways such s oycheal sxtend-ligation, ote. Lo some embodiments, the ligation step can

be performed using s oF more BIRA ligases,

{8 The amplification resction can include -t copy mumber of

fhomt Himiiion

e
"

i oveliva! Tashdon, and can include w
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o

isothermal ampliffontion (i ex

Ty

i
g 58
Nt
“
P
s
s
t

deseribod fo US Prosdsiong! A
incorporated b reterence i their entiveties), anplification 1l
[HRIRTY rng

multiplex PCR. o some erabodiments, the methoed for stngle-tube maltiplex POR can Include tvget-

speciiie o axon-spociiie privers. b sowe embndiments, the exos-spectio or targebspecifio primers

curs incdude at lead oo wraeil mddentide Tn some snbodiment apden POR van

v of ot foast 1000, 2060, 3000, $000, 3000, SN or wore target nucleie

peeific or exsnrapeeifie wactt based poy

achl modeonles issing i:ass‘ga;.a

(1881

e B R e Ry ¥ e S
SRR PUEIEE gEng

rget-ape] sy, o osoume sonbodinents, e appicon libeary

5

generatest using lerget-apeniiie or exsvespecific privers van be assosiuied with ausations of human

-

Ee

Vi

caneers. i some ambodinents, the mutations oan be in the KRAS, BRAF andior EGFR genes. In

widted Hoem genomie DA o Toemadinafised,

X

sonmve ergdwslinneantk, the gy sy Hbrary van

i

s wnbadiments, e mnplicons of 8

ssnt he abwint TO8 o abowt 3880 hase

P
o

s, the anyplicon Hivary

e paies that are tergated B cumeor oo vraathas, b somne cnbodinmenty, e primer peies

Phrosis and

can by divected 1o namecancey related satstions, sueh se inborited Slseas
the ke, In some smbosliments, the primer pairs can be usad 1 penerate amplicons thet onee

sequenced by any sequencing platformy, mda&dmgx sni-conducion éf\{i enuing is:c-hr.m:iﬂ"vi}-‘ zan b wved

Lo detent ponedtic sudations such as v

kE .

sy iy sewne embodireess, the primer peivs wsed e proddiuse an ssoplicon b

i the amphification of largetapeciiic nuclele ng one or mave of the fellpwing

TR graater e 9T target comrige at 20 poemaltaed o 1000 avovagy soverag deply

i By
P ol b

waaey L3N mmosy preater thas 9% base withowt et b

HHHSE i seme ombodiments, the amplicon lik

¢ ofe move adations i sample
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platform, In some »::mk\*dmkm ., an amplicon Hbvary can be sequenced using an fon

cer {Late Teoknwdogiest, brsome anbodinents, ¢ PGM sequencer can be couplad 1o server

nyine thie seguerie of the smphi

crts, the amploon Hhwary can be proparsd, o

foss thas 3¢ botirse Iy sotve embodinents, the ampdis
4

ssguenesd I appees im e, i snphicon b s hw a paded
By, that i, o Ry Hat contains sonplicons Bom ¢ tonsy sampde and a.nmiia:r;ms fsvins 8 non~
dhiseasod swnple. Bach paie e be aligned, tedetect anddar identify matations prosent in the st

rcheic aoid molecyles,
_§'i‘3§}i.‘n_§ frosome ervbo

senonie DIMA fargets us

HRHON methoedy for cenerst

Ay smpiiooen 5:%5153-;‘3}‘}* can fnchade:

CEILNENE ¢ the sraplicons §

srrspticons; Reatiog szgiagam'i; tr the phospiu

Hgated amplicons, nich-translating the ampdif

wd amplicons

vand ;mrify“ ag the nivk-man

crtbodinsns, additional smphic

T

Hbravy, 1y sou
frwing the step of amphificationn of genomie DINA wrges o

geverate the amplooas, 1 sune enlaadiments, any combination of additional reactions cen he

B

comducted in any order, and can include: purtfving: phesphordating g adapters; micks

f=-)

wansheting: amphilication adior sequenemyg. In some embodiments, any of these s

Hawill ey

et b cwseod skl b che et thag S

Hod oy

vopast oy oIt any v o more of the above sleps. Hwill also he spprarvent e one of skl s the an

x

that the order and combination of atey

$o

s vty b o Bedd o ponerate the requived smiplicow libeary,

and fu st theredine Boardted 1 the exemplary wethods provided,
EH R

pegedion, mhmgu st densnstveam smphification {eg., b

sl sl o o b Jodned o an sdap

N

particles {o.g., beads), or both. For example, an adapter that is judned 0 @ phosphorviated .-zim;}Ei‘a:m’t

ST AT z o an oligonecientide copture primer which s sttached vy pasticle, andd a prios

sttached o

b comehcted ® gonen

it & complomantey copy of the amp
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the partd srfacy, thereby wltsching an amplicen o a surfise o partivle

bhridteation sites, swwquen

Baver s O tnose senphifioation primer b

nd combinations thereol, It some embodiments, amplicons prs

s one o wore fon Tovren™ op ible Adapt

saclapters o
toined fo one or more

erating ‘*«Rﬁ}ti\’ih\“

erid disede

A4664641,
(6194

s

pwioowhny weight TNCAY or FEPE sawplos G be conlipotast usiog o 3

i Alaster

%q; Hi Fi Master Min can inchude ghvosmel, dNTPa, and & A

some embiodiments, the 2x

# proservidive,

e, tris-suifate auddor smmssen sulfate.

ks, sepifiostion of penceniv N A G

e vordnoted usiog & 3]

Mix, Ipsoms ﬁfmhmiimem& the Sx oo AmphiSeg Hi B Master Mg

amd & DNA polymnesse such as Plavimumdl Tag NS te. dnsene

sde at lowst one of the

srihocdiments, the 5x b

Amphheq Hi F

following: 8 preservative, magnesivm chioride, magnes

o oes 0

subinge
HU R Iy some emby

At feant s v g evwyms, sl g storage butter, In some ambodim

~

FulP reggent con Surther inclode ot lesst one of the Sodlosingy s preservative andfor s detergent.

O

crbodinwenty, the FuPa reagent can fochabe s DNA gy

ursedt oleaving o madifeing enyme, an antibody sndfor g storsge buffer, In some embodiments, the

FuPa roagent can further include af least one of the follemving: & preservative andior a detergent. In

sovmie embodivnents, the anttbody is provided to inhibst the DNA polymensse snd 3387 cxonuclhoase

b s
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HH S irsome ennhoadbnents, the smplicon Ubrary prodieced byt leseliings of the prosemnt
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Receive one or more genomic regions or sequences of interest.
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Determine one or more target sequences for the received one
or more genomic regions or sequences of interest.

23

Provide one or more primer pairs for each of the determined
one or more target sequences.

i 2204

Score the one or more primer pairs, wherein the scoring
comprises a penalty based on the performance of in silico PCR
for the one or more primer pairs, and wherein the scoring
further comprises an analysis of SNP overlap for the one or
MOre primer pairs,

~

l nd 2205

Filter the one or more primer pairs based on a plurality of
factors, including at least the penalty and the analysis of SNP
overlap, to identify a filtered set of primer pairs corresponding
to one or more candidate amplicon sequences for the one or
more genomic regions or seqguences of interest,
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