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[0002] Large-scale genomic sequence analysis is a key step toward understanding a wide range of
biological phenomena. The need for low-cost, high-throughput sequencing and re-sequencing has led to
the development of new approaches to sequencing that employ parallel analysis of multiple nucleic acid
targets simultaneously.

[0003] Conventional methods of sequencing are generally restricted to determining a few tens of
nucleotides before signals become significantly degraded, thus placing a significant limit on overall
sequencing efficiency. Conventional methods of sequencing are also often limited by signal-to-noise
ratios that render such methods unsuitable for single-molecule sequencing.

[0004] It would be advantageous for the field if methods and compositions could be designed to
increase the efficiency of sequencing reactions as well as the efficiency of assembling complete

sequences from shorter read lengths.

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention provides methods and compositions for sequencing reactions.
[0006] In one aspect, the present invention provides a method for determining a sequence in a target
nucleic acid. This method includes the steps of: (a) providing a sequencing template that includes a
fragment of the target nucleic acid and an adaptor that includes at least a first anchor site; (b) hybridizing
an anchor probe to the anchor site, and the anchor probe includes a region complementary to the
adaptor site and three or more degenerate bases for binding in the target nucleic acid sequence; (c)
hybridizing a pool of sequencing probes for determination of the sequence of one or more nucleotides in
a defined position relative to the adaptor, wherein the sequencing probe is detectably labeled to identify
the presence of a particular base; (d) ligating the anchor probe and the sequencing probe; and (e)
detecting the sequencing probe, thereby determining a sequence in the target nucleic acid.
[0007] In a further aspect, the invention provides a method of determining the identification of a first
nucleotide at a detection position of a target sequence comprising a plurality of detection positions. This
method includes the steps of: (a) providing a surface with a plurality of concatemers, wherein each
concatemer includes a plurality of monomers and each monomer comprises: (i) a first target domain of

the target sequence comprising a first set of target detection positions; (ii) at least a first adaptor
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way such adaptors are inserted into a target nucleic acid.

[0018] Figure 11 is a schematic illustration of an embodiment of an arm-by-arm ligation process for
inserting adaptors into target nucleic acids. Figure 11A illustrates an exemplary embodiment of the arm-
by-arm ligation process and Figure 11B illustrates exemplary components of adaptor arms of use in this
process.

[0019] Figure 12 is a schematic illustration of possible orientations of adaptor insertion.

[0020] Figure 13 is a schematic illustration of one embodiment of a nick translation ligation method.
[0021] Figure 14 is a schematic illustration of one embodiment of a method for inserting multiple

adaptors.
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[0013] Figure 6 is a schematic illustration of an enbodi nent of the
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[0029] Figure 22 is a schematic illustration of one embodiment of a method for inserting multiple

a rret hod

adaptors.

[0030] Figure 23 is a schematic illustration of one embodiment of a combinatorial probe anchor ligation
method.

[0031] Figure 24 is a schematic illustration of one embodiment of a combinatorial probe anchor ligation
method.

[0032] Figure 25 is a schematic illustration of one embodiment of a combinatorial probe anchor ligation
method.

[0033] Figure 26 is a schematic illustration of one embodiment of a combinatorial probe anchor ligation
method.

[0034] Figure 27 is a graph of fluorescent intensity levels achieved for each base at defined positions
using a double combinatorial probe anchor ligation method.

[0035] Figure 28 is a graph of data fit scores obtained for interrogated positions using a combinatorial
probe anchor ligation method.

[0036] Figure 29 is a graph of fluorescent intensity levels obtained for a single base interrogation at
different time points using a single and a double combinatorial probe anchor ligation method.

[0037] Figure 30 is a graph of data fit scores obtained for a single base interrogation at different time
points using a single combinatorial probe anchor ligation method.

[0038] Figure 31 is a graph of fluorescent intensity levels achieved for different positions using a variety
of second anchor probes in double combinatorial probe anchor ligation methods compared to a single
combinatorial probe anchor ligation method.

[0039] Figure 32 is a graph illustrating the data fit scores obtained for different positions using a variety
of second anchor probes in double combinatorial probe anchor ligation methods compared to a single
combinatorial probe anchor ligation method.

[0040] Figure 33 is a graph illustrating the fluorescent intensity levels achieved for different positions
using a variety of double combinatorial probe anchor ligation methods compared to a single
combinatorial probe anchor ligation method.

[0041] Figure 34 is a graph illustrating data fit scores obtained for different positions using a variety of

first anchor probes of different length in a double combinatorial probe anchor ligation method.
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[0022] Figure 15 is a schematic illustration of one enbodi nent of a nick
translation ligation nmethod. [0023] Figure 16 is a schematic illustration
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[0046] The practice of the present invention may employ, unless otherwise |nd|cated conventional

techniques and descriptions of organic chemistry, polymer technology, molecular biology (including
recombinant techniques), cell biology, biochemistry, and immunology, which are within the skill of the art.
Such conventional techniques include polymer array synthesis, hybridization, ligation, and detection of
hybridization using a label. Specific illustrations of suitable techniques can be had by reference to the
example herein below. However, other equivalent conventional procedures can, of course, also be used.
Such conventional techniques and descriptions can be found in standard laboratory manuals such as
Genome Analysis: A Laboratory Manual Series (Vols. I-1V), Using Antibodies: A Laboratory Manual,
Cells: A Laboratory Manual, PCR Primer: A Laboratory Manual, and Molecular Cloning: A Laboratory
Manual (all from Cold Spring Harbor Laboratory Press), Stryer, L. (1995) Biochemistry (4th Ed.)
Freeman, New York, Gait, “Oligonucleotide Synthesis: A Practical Approach” 1984, IRL Press, London,
Nelson and Cox (2000), Lehninger, Principles of Biochemistry 3™ Ed., W. H. Freeman Pub., New York,
N.Y. and Berg et al. (2002) Biochemistry, 5 Ed., W. H. Freeman Pub., New York, N.Y., all of which are
herein incorporated in their entirety by reference for all purposes.

[0047] Note that as used herein and in the appended claims, the singular forms "a," "an," and "the"
include plural referents unless the context clearly dictates otherwise. Thus, for example, reference to "a
polymerase" refers to one agent or mixtures of such agents, and reference to "the method" includes
reference to equivalent steps and methods known to those skilled in the art, and so forth.

[0048] Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this invention belongs. All
publications mentioned herein are incorporated herein by reference for the purpose of describing and
disclosing devices, compositions, formulations and methodologies which are described in the publication
and which might be used in connection with the presently described invention.

[0049] Where a range of values is provided, it is understood that each intervening value, to the tenth of
the unit of the lower limit unless the context clearly dictates otherwise, between the upper and lower limit
of that range and any other stated or intervening value in that stated range is encompassed within the
invention. The upper and lower limits of these smaller ranges may independently be included in the

smaller ranges is also encompassed within the invention, subject to any specifically excluded limit in the

DB2/20900556.1



[0035] Figure 28 is a graph of data fit scores obtained for interrogated
positions using a conbinatorial probe anchor ligation nmethod. [0036] Figure
29 i s a gwvaphoyrieI3Buorescent intensity | evels obtai ned POT/UR28837d¢1 base
interrogation at different tine points using a single and a double

conbi nztased rahgepF\bbee teeeipied ranpeinclidnas one phisth of IBOBYE. rehgsa exclBiingi efhet bgihahh of

dat a fithossGfNLBEd mga,i@ggl) if@hded ,rstham,&]tigﬁl_se I nt errogat i on at di fferent ti e
poi nts ' ' anchor t I on

nmbi nat b 0
Py gur o o] o el 5 2Rled uleidie P e R oo 8T bAPACE Pt or ont
posi t i amderstgnding & thegrésentyinehtige towevearichib be anreleestoione dicistti irethe antrtiathe or i al

probe %P&é%ﬂtﬂndeh%tnh&rber‘p%ch%%tﬁ%ﬁé §rdmc§r9 oﬂhéée'},gécﬁ’nc%%féﬁé r\%%:‘ |ﬁ:!starQEQbe
anchor ation nethod. [0039 gure ‘% [Tustrati nsg he dat a

fit scd’}‘eéI NOKR 5 PiHEES APDPrOtRCkeS §|‘1F”°ﬁ9’8§‘? F“P%%*"”G% rﬁ*@e %{t W?F%&%‘?e’b?e Rediy
anchor doded Besvoidrobshouiy the gweionat ori al probe anchor |igation nethods

conpar qg%fhfsﬂltt%hé}g%g pr%?&%ﬁg 'inogrl}tgﬁ |s‘%]es IBQ(?FW?I? &h/ﬁlrh réf!argﬁée 8 Qp&:ﬁlt: Qﬂgoqlkm\é Q]

Fi gure strating t scent intensity l'evels achieved
for difi§ %'F‘é?ﬂv'sf%%‘i‘ pigtier a@periments Wit PesorePPaBRle @OWF%@W@?@@FPOBF‘@S@Q
anchor thé graédnofisdBzuROSIE iCio Mpat@rthatGueh &hiitdInneaizbitaned wittin thé pleeer@nchor
l'igati an .. vte%"i‘? 0041] Figure 34 is a graph illustrating data fit scores
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[0053] The overall method for sequencing target nucleic acids using the compositions and methods of
the present invention includes extracting and fragmenting target nucleic acids from a sample. The
fragmented nucleic acids are used to produce target nucleic acid templates that will generally include one
or more adaptors. The target nucleic acid templates are subjected to amplification methods to form
nucleic acid nanoballs, which are usually disposed on a surface. Sequencing applications are performed
on the nucleic acid nanoballs of the invention, usually through sequencing by ligation techniques,
including combinatorial probe anchor ligation (“cPAL”) methods, which are described in further detail
below. cPAL and other sequencing methods can also be used to detect specific sequences, such as
including single nucleotide polymorphisms (“SNPs”) in nucleic acid constructs of the invention, (which

include nucleic acid nanoballs as well as linear and circular nucleic acid templates).

Il. Preparing fragments of genomic nucleic acid

[0054] As discussed further herein, nucleic acid templates of the invention comprise target nucleic acids
and adaptors. In order to obtain target nucleic acids for construction of the nucleic acid templates of the
invention, the present invention provides methods for obtaining genomic nucleic acids from a sample and
for fragmenting those genomic nucleic acids to produce fragments of use in subsequent methods for

constructing nucleic acid templates of the invention.

lIA. Overview of preparing fragments of genomic nucleic acid

[0055] Target nucleic acids can be obtained from a sample using methods known in the art. As will be
appreciated, the sample may comprise any number of substances, including, but not limited to, bodily
fluids (including, but not limited to, blood, urine, serum, lymph, saliva, anal and vaginal secretions,
perspiration and semen, of virtually any organism, with mammalian samples being preferred and human
samples being particularly preferred); environmental samples (including, but not limited to, air,
agricultural, water and soil samples); biological warfare agent samples; research samples (i.e. in the

case of nucleic acids, the sample may be the products of an amplification reaction, including both target

5
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[0043] Figure 36 is a graph illustrating data fit scores obtained for a
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pl ural rpeiesis dhwich ol asepifiqafien 'Eé?ﬂdé&'t’fteffé%[P‘F’SU”leaE‘?‘&ﬂ%%OQS’ttﬁéPWé@oo %%us, for
exanpl eenéé equpARAtstate Usad poI ynerase" refers to one agent or m xtures of

such ags&nrh%?aggé’tggggnﬁp tholthJe Si tcgﬁ)\%ntlén?ﬁeéhq%tﬁ?g ?or xa‘\z‘rg) t(ﬁ%%gﬁ)éal ent

st eps nown ose ski ’led 48]
Unl ess SféTbrq%@n@Rh‘éﬁwN@éecula'r Glonirgs Hmaé@mtoa’d\dafy@h dted isfrre Tf@rtﬁfseww'h@r@ n

have th@th@@ﬁwﬁm d?@ragfﬁerﬁafmarabyreu@dew&&Q@lntiaym%ﬁm@jes%dhmg@yzy&iéh&I in
theat to ns ne ed herein

R .
are | ncBRIT B ICP GENCHy Y ORI R BPBEE R Wewel PTG and

di scl odPet§] deadnmetsizesohihe $argdt ondgic aadt canlvatyidependig @n it deorde laogsit escladaarh ar e
descri bed tnen.bﬁanﬁcomstmct.&ﬁkét%s@%h m i:.xam rghée fhf*’n stﬁtetéoo Hu&é%ﬂcﬁb%% leRfinWnt h t he

presently described inventi rL" ug val ues i s provided,
it is (ATHBP %’Qﬁ?&'”teﬁh{heéréﬂfﬂe’?tﬁfré 0210 0(/%90&%20‘%0& 'ﬁ%tdF%Wt"FPQS‘r R HE i of
t he | ovearbolliment, the frbgsentd dre 16-00Q, éﬂﬂO@IS@e&ODWOdQO@ WeS0hBhrdaoMi16e40heowen t he

upper - apg. 4b6’%6 5b6 'Zbé 6&, 5661800, 5RNEH, ?db@ogﬁ‘yzoﬁwﬁf 3?(5 AR L 10b 8 tBE-M66Y, N9

value i'n th range i's enconpasse e invention. The Upper
and | o8P 199%79%1(?90 ?Wé‘é’ SREOP 001180y @80-HRY. 13062B-N d &M FAPO iR Ied i n

t he snalutlestidesingegth. s al so encorrpassed within the invention, subj ect to any
speci f i[g@Q:l Yn ?)ﬁﬁ hglde%goo n{gn{ fré t%ofg MCﬁg%%%%gﬁ%ﬁ)%ﬁ@/ H§r?q% ?(%5a7rg'l stat ed
range. ere st ate rah S one or ot (0] ?he Im ranges
excl udiivripte t3veh methods a5e W@hmnllmtbﬁ AQERIoKaRS catfEckangion oan b et ' progtie
I nvent I Hgbpulation of fragments of a particular size within a range of basepairs, for example for 500 base pairs

+ 50 base pairs.

[0060] In many cases, enzymatic digestion of extracted DNA is not required because shear forces

created during lysis and extraction will generate fragments in the desired range. In a further

embodiment, shorter fragments (1-5 kb) can be generated by enzymatic fragmentation using restriction

endonucleases. In a still further embodiment, about 10 to about 1,000,000 genome-equivalents of DNA

ensure that the population of fragments covers the entire genome. Libraries containing nucleic acid
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[0050] In the foll ow ng description, numerous specific details are set
forth to provide a nore thorough understandi ng of the present invention.
However, WO 2099076138 apparent to one of skill in the art PCRAIS2008083HEsent

i nvention may be practiced without one or nore of these specific details.

| n ot hdemplatss geneeated figal suck A owpiatiea piffagmentn willphuscednrisedaraetnuclkin agifis wiwse hose

ski || ?C!;e mbnb&eo@eret.déaﬁné@ an@ssseessnad AASSHIiRerodt Br Ardl e ste&hew&bf@n@h@egémm t he
i nventi

the resent inve nis rib rlmarlly
ot B RS oot DR BB RS MYENMLRR & SlCRERAEE Phidlery |
enbodi rdentle- sivahded [N toeb eamipea ad us¢dowithibes sangie DINE dhénevértpelysmiall apomts @dadi ng
the pr 3Rk, oASSL Qb Se atiWerb s daﬁgér%? B%g%rélgﬂ%or%ﬁ@ &{m\@ b Sorftfiner
cont ai ned Wi thin the present inventive nmeth Overvi ew [0052] The
pr esent"dH3EHPF % i s directed to conpositions and methods for nucleic acid
i dent i f[0@62] ilonnegTobaddiedt tHeMNA whercituréd afedr fisg@ndntatian Wi pt@luvasingd stradfied
appl i CafFaiSBPr?t as described herein. [0053] The overall nmethod for sequencing
target n el ¢ aci ds using the conpositions and net hods of the present
i nvent i[B%F3] re Pmboémqnhegfrrﬁ@gra?mmg ranghie FAct RRPTe arajlet anystapsiuinggdcheini@nom a
sanpl e. amﬂn&afucsrﬁegémhad appliel! @ the pspufkSorpdf Bragia@flled MucRlicRddE ® etnamrga{atmwedeel c

acid t engtéq CFoPcenp?atloPV\'jf aIII tht,gpas%nbenls %av&ﬂ%oleufgr su%s%qiuent S[gB)S of cr%aﬁﬁ)%t%e %eco]{aq target

nucl ei ¢ a are cat
nucl ei mualeic@CIﬁaﬁéfmme@tlomm\d@hlnatf@sejw&iq %?'déif%pbtg@tﬂlg Geaugnespfbeadion. s%@nenci ng

appl : faatrﬂdmfb%tlcﬁffrﬁetﬁ&fsfa%\ﬁ@ﬂ(n&ﬁn infi Ji%d@rkc%d@%tﬁbuﬁ‘ﬁﬁ@ﬂ&* |p§|yrﬁfara§é"&1alnr}¥&;ﬂ@)rﬂ Onl
usual |y u uen ec i ncl udi natori a
oy obe JRERL I AEMRRT BapkymesdRhbl S Al PRt R sdts R PR her

det ai | dydingwobe Rancingd (G Testrapedjsriaremagt asetyt8@8), tanscéltioo mpeiated edplificativet ect

S peC| fi '(‘?Mﬁ?%@éﬁ&é‘d‘d seqH&te Basdd %ﬁlpﬁ@b% (ﬁAQ@A)eroﬁHéj?l: %@drﬂﬁﬂd&% (ﬁi‘éﬁ%&rs s
("SNIPs") 1n nucleic acid constructs he i nvention, (which include

nucl ei é'rﬁlﬁ?rﬁeﬁﬁ?ﬂ?ﬁfsp and lvggiye cleguage; t‘?‘Fé‘a?'o%Ynd circul ar nucI eic acid
t enpl at[e@sy] Ih turtReregpapdimgnts ratgnfEH@h&nld)fg, geget)mncteucraamils eieduréter chodlid5d prepsare

di scussgd, fo%‘ [ &Hidn As%ﬁ‘h% ’adﬂH&L GL&rdify! g rrFeg@i’é S’fttr‘?esu hntidrl? %ulcﬁ‘?ﬁ‘é&\ﬁdaﬁ&s%gﬁ'% I se

target nucl el ¢ acl tors. n oraer tootaln target nucleic acid
for corf§FesERY iPBFRUST the REPCPRSE BREMeattien MaysPdt B Lrgnt nygipic ﬁ*c‘ﬂﬁ?é\fﬁth tFRIni thpfeare
pr esentnot M@ﬂble@cmthﬁlbﬁ)‘vtédiﬁ& uzed mmrtbeépt@btpamamlm tRIRIGF 6nAYhhE$ Qich addadss from

a sarrpl ngmérggesf %@mp{he@% %h&{ﬁ %ﬁglglré%n]h?s s'?% ?ﬂtlgréeﬁlghéjgan b% 0851&9&?\% any

fragne usein subseque for ¢ nuclerc aci
t enpl atsé%) of the invention. Il A Overview of preparing fragnents of genom c

nucl ei qo@gsi dn BQ%‘&]M@&M.M& b@ércph@sqﬂadﬁsag%m.r@eta@at mjcrée;dacfdg ABYRNBAHEE 8

usi n ne

Corpr SETRRRSRBAN =By o8 ahisct el o SR EP RSt P DS BBUN y

f | ui ds at thedéranghi. nlg thisrerabadiment, tthei target nudeic btidoate treatedeith sseeramnzynyesgh cregial | va,

anal angliny agis Wh p§r§&ﬂé?rtch(9ﬁ§trle90€?ﬁ §rﬁH SrtloEn R YofRBmEe arRifdNTPE tsURLA ¥ @ fHany
organism. with mammalian sanp bei ng G@r eferred and human sanpl es being

particul 8PS SHREs %fr%”é’dﬁma’@rfﬁ%icﬁea‘r‘?ﬁéﬂ{”é AIpMEEse WA B rIP et At |i it ed
to, ai r(germgally bluilnbtm\aiys thwadaene eanthesmsithe 5 anpkesd, sudli @l Tdgiolyalerasayi$ ased tagent

sanpl egembRSLALIhNGE .t§b°1 B |ﬁnerb§és‘ir¥lﬁjd8%%Far%oﬂm%@! CT@&dWr’?erastehﬁ‘aqsaﬁp' e may
be the products of °a ? fication reaction, including bot target
polymerases, E. coli DNA Polymerase1 Klenow fragment, reverse transcrlptases 29 relate

polymerases including wild type ®29 polymerase and derivatives of such polymerases, T7 DNA
Polymerase, T5 DNA Polymerase, RNA polymerases. These techniques can be used to generate blunt
ends, which are useful in a variety of applications.

[0066] In further optional embodiments, the chemistry at the termini is altered to avoid target nucleic
acids from ligating to each other. For example, in addition to a polymerase, a protein kinase can also be
used in the process of creating blunt ends by utilizing its 3° phosphatase activity to convert 3’ phosphate
groups to hydroxyl groups. Such kinases can include without limitation commercially available kinases
such as T4 kinase, as well as kinases that are not commercially available but have the desired activity.
[0067] Similarly, a phosphatase can be used to convert terminal phosphate groups to hydroxyl groups.
Suitable phosphatases include, but are not limited to, Alkaline Phosphatase (including Calf Intestinal

(CIP)), Antarctic Phosphatase, Apyrase, Pyrophosphatase, Inorganic (yeast) thermostable inorganic
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WD 20091076238PCT/ US2008/ 085741 and signal anplification as is generally
descri bed in PCT/US99/01705, such as PCR anplification reaction); purified
sanpl es, WOeH09AS638ri fi ed genomi ¢ DNA, RNA, proteins, ePE€T/USRHR/08HADI es
(bacteria, virus, genomc DNA etc.); as will be appreciated by those in

t he ar tryrophesplripey anghiye sepwhishasa kedwrimHiegalaad Feapmeraigivirygiablselenexatnte fiom t he
sanpl e. NeWERRAd BRRBS! | the nucleic acid constructs of the invention are

Dot ot BB R Tl infh s 16 e BT R e PR b rcsh s O FoUR B R ¢ ur es.

[ 0056] eaph etherax erep blapsyofereiods e invepéoro tius eBiNAng Hai didh@sters if woinh adapirget

or gani %Qﬁd/cﬁéda tﬁfragrﬁé) a%l%@t@ﬁ the le?mlﬂﬁﬁ%géﬂﬂu@é’lcgéad‘ﬁssﬂg}g%t ndcmcec\rc@§9wll%9§leﬂ§ wil
be apprecl ate his term enconpasses any ani smfrom wh nucl el ¢ aci ds

can be %B?tarlsﬁéH‘Ot Ipther EiReh PYGPiG 36t ﬁﬁrﬁ?@ug'e'c AET 1R81 RYY MefrarsPretaraPdaiRd i n
sone ertbedipmenitd3 ahdhe6d4an geésiod gﬂmtam (as ilastpeddio gesrfig(feothe exsinat beertaivn tshe

det ect IOQIQ nﬂIxh.Qﬂﬁé grqu‘%th He s\él’n'é%hade F&(%(br%aﬁgr IV? gkotg%a&f Oéﬁ)é?n{)q‘hedsmf@%npg&lm%l ¢

aci ds romtarget organi sns are e art rrsin
genomi @Vmﬂﬁ\thsﬂlnq*ﬂﬁﬁ%ﬂﬁonﬁSiUfﬁi'ou%@O? n1 6%!’11)?0%?\’{90@1 Ay ivaich 1y taégﬂ’*rﬁu%?)@&%'g%tach as
whol e g@@éﬁﬁi&)tr&eqm&ﬁ@hmmrﬁl@@tﬁto B&htmeabmléHdlﬂorDQQwi@G@leQfsséﬂ]h Rirther detall

genone-aoul ya oﬁgtta%o][j 0 DNﬁ‘?(?ag?or-P ?et nucf:i’l Xcu?legnﬁn can a 58 b& @?Srhltlrof?edttrprg‘u@ control e

popul atTon OF overs
The nurebée 06¢mlgte1mrﬂ‘@t@rqmlo%noéfhthgadﬁﬂ%$ w@dhmggedw@mddﬁ Pl coniel opdrdhanet hods
used t GhEMiENSTthdERRALE, bd @eﬂmt@m@fmema,es BRAATH Bie BRA] @SschiRe firhedftsdn. dance

wWth t esent | nvent ment read net hods
descr i B (RVHLhe BT m=adiiree 507 o abbe Pt/ e reR LaBr TR R e ar o
gener al domblnatldnlotéldse Feps ane ehayoes may bé r$edg Fanedxainple ssodiesplyaedinfragmentation
anpl i fiedhiqQEs, sydhiag Ifhe' e of @Qr|&%§€ﬁd09@&ieasé§ H&?rrenQ@ MWor RBRWr the Q00 RatRbOUT
100, 000 nome equi valents are generally utilized. For methods in which no
anplifi E’%?Eﬁﬁr F’@%%“@Brﬂb‘?‘isor to fragmenting, about 100,000 to about
1, 000, qom2yee mpdiicationadesnited abavese prevdnd B Zlealidreof haclgetcigiemplies cOitdining
i sol at i I

gﬂfea%ﬁ%g?e%}\ﬂgﬁgmgﬂ un\h%%%br%ﬁéuori ﬁf ﬁ%ﬁ%‘ﬁ Sndfbr o%ﬁ%;%ee(#r&

Sanbr o ssel l'ecu onlnﬁ nua C|teg supr a.
The t ars§e¥engeidentificationand assemainthet capresy Ht”éd”‘iﬁ‘r””f’?%{@?réﬁtp@éﬁsto a desired size
by con\esss] anadmé &cB$) Ih@twaq|darr€dgméhtagorﬂﬁaycmtam:utmzeger$édnﬂdhat.@dmaranp @f ther

soni cat In%nn tlg%élg éhgﬁcél%té bs Sf%g&%rglq? Hgscﬁggdtﬂe eLM a cH?n%thion%{ %e?crlggoeﬂbs

i nvent i omn ra rren srze > targe HUCl el ¢ ach

dependﬁnglK@horthe 1@6@? @@ atnémg*éﬁh?ﬂm@@l'%@rdwmoﬁlh@%ﬂ,kwfmhyarftfaﬂﬁ@@ r uct i on
met hodsndéﬁﬁebtemtreftebémec.akﬂey eh@Bg for bl pirh&Q@s bRy AQEHBME QR tdemndstelbeags h. | n
anot her enbrg g 3) e fragnments are 300 to 600 or 200 to 2000 nucl eoti des
in | endt§eeie 5%%"1 AP her embodi ment, the fragnents are 10-100, 50- 100,

50- 300, [0069D-12 6@ne QQFPIBTDLs, &0crQlEd rar@@mml@ym@i@@mea’;) fra@enddion méMod $00lized
400- 60Q, é Qe @90 entOrol aG, thé%erthQOCoI%Qﬂa %tlor;)’ggnla aticheHr &Qpag,say and

500- 1000 00- 1000, 700-1000, 700-900, 70 00, 908

1500- 20198 the prkasish Bf enzyepAts Fagpenitian Suehes tB%Eb"i't}ﬁtOIUéﬁ{jPH'O""[WQﬁS af‘ fon

f ur t hervolmes di PhA)twithdut agnmeoftits defwbacks dintliding sensithity ® variation iresupstrate a)rwlnayrmer ange
of si Zec%naernﬁaﬂoﬁ%h@gﬁglt%glﬁﬁ@%%%&h Ogﬁ&g‘"@ér&E tahcgh |F|\%‘R/e§5tserle': Q)F th?e?éarrpl e,

gel fractionation can pul at1 on of fragnents
parti c LANaMadic stePsyivhigh ﬁreaSCP%{Pﬂj'éa'M' H%%Iﬁgl'qu?1 derISt é)@aﬂiﬂ gcig {1 'S%’Jeﬁ%é" pairs
+ 50 basenpand Gitalyz60M0liplé dispadceyheobsasificationz fID) ircthéel pigesict oniNTiPs expadaathed DNA

' el ”Ot JUY: [ﬁ'? rPaege%Hfoeraﬁ&‘??‘ihefoﬁ‘rEe?h.%Fe%@ﬁs‘?ﬂ'th%‘éhﬁs’ﬂ%P&}’ff éoﬁ[}%%?@éd Wgcrt' on

s hor ¢ orurdal Z@ﬁ)@w@meqa@ deptyollabip PioEOTRsf meéfopoworénrz beteetrands pidbmemnlisedtion
ug [ n? rl;ﬁ&iuati (¢@d).o1nheeemldrrfgrég§due?€g@g ﬁxdlééd 21034, iubdally théduhR B ciﬁrﬂ;hﬁéeibﬂ’@ﬂ?JDG,éEib@WIg%O to
Fr agrert oVre Cona EAEFHE GoRBIB EPBT A T Ee BB H P HE ATk a6 v
200910 782R3ReTH ¢AIS I 08 Efet4t an average spacing defined by the frequency of U in the MDA

product. Treatment of the gapped nucleic acid (105) with a polymerase results in nick translation until

nicks on opposite strands converge, thereby creating double strand breaks, resulting a relatively

population of double stranded fragments of a relatively homogenous size (107). Since the size

distribution of the double stranded fragments (107) is a result of the ration of dTTP to DUTP or UTP used
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tenpl ates generated from such a popul ation of fragnents will thus conprise
target nucleic acids whose sequences, once identified and assenbled, wll
provi de myOR20ex076338 of the sequence of an entire genonePCIAB3WB/0BH4E0ne
cases, it is advantageous to provide carrier DNA, e.g. unrelated circular
synt hetih thedbibleactios trataerdea tNGE duraioher drigxeed ! arrdmaticitpalianh thiheoanpl e DNA
whenev afagRBhtitichiRthodd BrIdes high ds@fewcﬂfr%\lﬁer@éti@nﬂ%ﬂidh@r@h? and there is danger

fl h ifjc bi t d
o B8 AP RSB e Dot Eoab bAoA ™ B Koo 1o
pr oducabeutrigo & aontaidd eitbbhseadmiengtls), thp 0EE&]t invantion erogideodethedstin whith eglls are

fragmenidefng fafhct ﬁhcfeﬂscatre PQIEQB ?vut% g@ﬁtk%@ntﬁ#ﬂé{atéh Sfp O¥itd 46?\8:%&?1@&&!: Bdig,an
anplification ste can ul ation of Tragnented nucleic

ie

aci ds t”é“%'%@ﬁ’?oé“"f Ne '%rq'eéFﬁﬁ‘ﬁré’H%‘aﬁy'Bﬂﬁééqgﬁt At {591 'grexanple PREPPSHRBHt s i s
avai | aliNast digesiob &g uevetal Bowep SThefreit@a rategialtihithen digipzegtosernighitadr gilutededirectly  of
e 8 BePHle BfLoh o RSENC AL oo | iR L0 ABRG Bf R MNER . ace
information. & Ticati met hods ar e we nown I n ear an

i ncl ud&lofF b BPIVE MAYE ‘H*‘trFRi'He PISERSy AR e s SHEN?l PresiRERtiop; rFe(“IU@E&“O”I ﬁ‘rﬁé(t’it@‘i*i‘gbhal n
react i ane dsronrinubeis atie fedfdirsdarg €y tacOlitiging d edapityl dl RadhheeSie exuapd dffibeat i on

QLA) , q(yclil ng probe technol ogy (CPT), strand displacement assay (SDA),
transcription nmedi ated anplification (TMA), nucleic acid sequence based
anpl i fileA1 dnsgmersBRY. in qoglbinatinn veithrepy ef taquw@mib@rfraem@nytiqnfrmth%is rteail ari zed
fr agmendsnt lﬁ}‘é%dnrwrﬂn‘é? M@w@és&ﬁéﬂ@eﬁi@ of &g iRk Q%Mpulé[t@ﬁ’%enerﬂlcfnl;lélélbﬁdﬁd fragments.

nmbodi t | d fied
o pr opiE RGNS e TaPD PP SRS ep o1& TR B AR g 5 T hodsof
t he i nwbremospmesSuekqugnet. flihas # sgyficentrpdbantageceerdbe yrotrseesids thetphier aok ocess of

fragmenpayi QHtHEBéhHo@iﬁiéH tHe@eﬁcﬁﬁlgﬁégnFBﬁgl a% §hq@féb g%h%ét%etrﬁ&;l@?c @bld§ Q@Hlltﬁécﬁtonm
amenable to procedures used to I nsert adaptors, particul ar e use of

enzymes’ %Oa&%tfa%onﬁ RpEREalely 10v8 PAEaPIG9enoRg p‘Fr@r“q%ﬂt AttSH@“ 3euglsf ‘B'ﬁ?an ned
her ei n apbnbwmateﬂyeﬁ% & tlepdase pails ua:mdartrc_amar bliuotcmd hareal evaipingaMyis stethpd of 0065] I n
an exe'Hﬂ{q g, SRBOHL PRNG nerBh LER | BY@%&% refag ?LQE‘@ ﬂh%rﬂ&ﬂat&ﬁggg%d Q:Hﬁ Inedaﬁ.ca&' ds

frequent ave a conbination o

conbi ne&mbeﬁ'@eatﬁ bp HersiRdaree @ﬁHCWd\fe&%Wagﬁﬁéﬁﬁ %°la|tqdé§°%{f“”$ fedhg methedsidesqrined hi s
enbodi rappie ardh@thcpliqyen. Mielagip deh OBR Akod [seahdehtivdlly NusevRriaFigeB2¢MeERt 0
create e.SLr ty a

oo ser Bl R e PR SR B vy BRI

over harffonuslegsedarceeaig Hipgie-steanded merhanes: a%leh fingle steandederhangsasseves tmultirtey
(gener alidplachént aﬂbnﬂaétmmm\hm.a&@ne.teeromwemﬁ 1ho e &on@%gé/@emwsumnas 14
pol ymer g Sui t ab & It ses include,

Do e GRES ol SR tne St RsEp neeP et Rss R LB L T sk
Pol ynermaseeriof wllssmewultmaljpietat The tagaregis in e@hwﬂamaam@d O28llyrusing iaesthndard

pol yrrerm@sethe@ %@@)%blgr ANasA %%omdn& aaaenaaéas@mof@ks)veﬁ sGhe 8448
pol ymer ases, rase, ymerases, These

DNA P
t echni dﬁ%%’“‘?!'él??“ﬁ’émﬁ%‘a'”i/r%d‘ﬁ%%‘é?%i't”éo' et tB%H%gm‘Wﬁ gHeh H}agthﬁ 8hpvgrdesiibed
vari et yCoidE raqipdd @abe ossi to fudtBé&iag nantftr ftayeenis pt éash akll ehdyotj anniificatiort. Hihe
chem Stfra)jm@ﬂtmglaﬁthe ﬁ/L d?é)du'cé CQTL ngcy ?éjacrhl v a\gé %n catrcgﬁ}r e%maﬁé t?ea?rﬁénqslnf rom

ligating to e For exa I on nmer ase, protein
ki nase %afralafolqyi ’E%frqgﬁ‘@atai"%ﬁ‘ T He “ﬁ’%&r@%@t%fhe@f‘%@ ”??g’eﬁi'tﬁfﬁtf fa%fﬁ%rﬁs )7 “Eﬂalr?q zing
its 3' phaypharasayraahiadndyr4tpolyoivotdd kird'se phagpérad &re giea tpsted @ithyikkiioxy|
groups i i j, t t i a 0 ci.al.l vai | abl e
2 ool AR5 (8 Rl e AL g ST el PRIl | §
avai | alslegigmrgtin wpsegmprds ders segehenlds Famragn to pthaeirjangblynt ead ligatesdingplydpihat ase

can be rkigmentt QsifPM¥BEds debdriba@tthd heemhahe safoﬁw&gn{eat @Mmdjmy leamv@lu R
Sui t abl e phosphat ses i ncl ud E E qh g ( fmte | b Ee Phosphat ase
(i ncl ud®A ’g'”&ﬁ a“i t SSHINER ° ﬂf?yv eTARE &7 CTNE° 5?\%15%%&{ ash '”&83} QeEmen

Pyr ophd®phechwel| canrberidpatified. Figemstilustrites sayet exbinelaiyrparogaanadaptprsihat3arn BH9005

56. 1 VQud0NIUTARABRE K YRAAAB4 OBRE feiyhoPhOSphat ase, and the [i ke, whi ch

are known.in OMMEr ¢ avai |l abl e, for exa

Engl andO(gl l)l IaB%me cases anEFlg method |s used }cl) analyze tﬁe genome of an |nd|\r78ua?cell q’he process
for isolating DNA in this case is similar to the methods described above, but occurs in a smaller volume.
Once the DNA is isolated and before it is aliquoted into individual wells, the genomic DNA must be

carefully fragmented to avoid loss of material, particularly to avoid loss of sequence from the ends of
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[0100] As depicted in Figure 16, these nodifications prevent the target
nucleic acids fromligating to each other in |ater steps of nethods of the
i nvent i orOtzhepd76238ur i ng t hat during steps in whi ch adapCoAS2qo88y7dt
adaptor arns) are ligated to the termini of target nucleic acids, target
nucl ei cagltirainent. bincd lpgfeal suchanaierigptvii resulbintgapoin thedinakdeaeme agsgebly ninseie c

aci ds. c-gé’é'sggéqué“b@h&b% @Glﬂﬁth%@%uénﬁaﬂ-ﬁﬂgq@ﬁﬁldkfn feﬁiy?rté' Whikh Q@ét@sdst&rﬂn
adaptors 1603 ?e5|red orlenEatlo f ed int

o o Stenier sediasteorich At BT ERTE s IR el ) B iAo

shape -Asithepaynmrassgrrates the newgii/esirand, ietispiacet the plpl strivisdivitty ihmgnd freulieieity tizatoi ds
the unqﬁéé Efae%vg%f)lh@Héq%%hc%@ﬁe&%@ﬂeé—&%%bymé@ggmﬂ@ﬂ)n%ﬁi%@re 4 %sﬂhh&#ﬂ vErQQev& ar get
nucl ei ¢, aci ds q%{Ete to each other and the adaptors |ga e to each ot her.

I n addiele8eNs %8P be di scussed in further detail below, the orientation
of eacHoemraph esmd exsge it inadvaageoaciogrdvidg atirierDNAe. gahnsrelatee cicauar syitheid t hr ough

cont rO'doQEle%ﬂSn@H%ﬂAﬁJ@é ked 448 uE Mhrlhe QJerPe%rtPAEvH%ee %Fn%n %Qur{;)m target

nucl ei ¢ acl he control over chem st can

provi dedmagitg: are evriade Risiipre 'Srf’af‘% oélpﬁseaﬁum@@@emﬁp%fd: q‘"lﬂ"lgh‘éﬁ P EPriginer
[0101] vAsis whd the i@. apgHeamibdtig@ntire DNBSEdénaturddeaftar fragm@h@ticisto bdud dingtdhe st eps
outli negrano%dgra N @Y conbi nati on of these steps and enzynes may be used.

For ex gone enzyrratl c fragnmentation techni ques, such as the use of
restri dW?éih le peRosTORAdERESE glter ragmedingldandgn éacbrelate picafief anyistepeutingd hesgin)@n” end
repair anﬁi’llﬁﬁﬁorﬁéﬂé}%amb@@bl@led [&ﬂ@&]pugh&m hirtetf ARRE RS & dnb@d 1RPMRyeCaNn

P agmorr el GaeRle R o fhi e'ﬁﬁ@%’%@&%bﬁ% ShEpr 3tePe Bl bR 8P SR b v ng
t he er rmorlsiciapdsefdreincatiorcdiusing tase oueslegrgida § ehtbining sequencsanfomedion. t Sichom
SUCh unglesfidagsh r%&ﬂ&i&s%?eexﬁen l&mgﬂrﬁﬁ]thé ak aﬁﬂ%hﬁ@%ﬁ%ut hh.%"na{ oBihaksd SRGTERLES | on

thods_are util in combination with enzymati ¢ or nechani cal

n
mat hod<P&R) 1"5?3;51@?7@}?{'] RFIgRSEMFYRT rAEred RRas Sl%ﬁ“‘i‘t’é’f ifblgeserrlfiealies Ph&l in US
Appl i catytling pidde tetiollgy (GO0, simad msdﬂédembetchsm'l(sapptramﬂptuomm‘é%taﬂ)aﬁiblil3£®84
whi ch "R i | 1
pur posac ARGUHEadd GALARE Bo apifo S RSB by Bl R ERLY G B T
fragner?drélt'ﬁ"t%ﬂd frTQD‘E?G‘Eﬂ ang INYiMe EFRIGIPABARIYY- a control | ed random enzymati c
(" CoRE"[po7e] ag fuethéradnibodimerts Nedtdr fragymighiingl @t fudlcpreaa b flifrrEMBdic tb plepaige in

the i nVﬁé}TIl I’o?mSer%%H:‘ mu‘tﬁa%%t@% ag&grdlrfg t?%e%géygf%e |ﬁve% q‘chu ﬁ ‘ng?ﬁc%?ms%gg bgas

t he advant ages of ragnen Ion (such as t on
| ow anm@m%araﬁwa@ﬁe \helpm O(f)fTaQDI'%ﬂ)at'W mhbi?ﬁmhﬂwg%ﬂuqmﬂ%afmsma%m" thatreeg ud| ng

sensi t inét diferiaBle Y@thk BldcedurdsussddShderta@ars, %@ﬁwmﬁlyqﬁm@&r& é.aztyinegls@ﬂds ligases

t t ti :
Ser T s B PoKPEaStsn s Al e clFRb 2ueh etehy s K e BT AT SAni R e BbPed 4 ghy
Fi gur e step. Metreds foamaditingitie fmmnt&@lpre;sar@tmb]né@tdedctedallgahprénzmmmt@atcabiylzed
mul ti pI rﬁoléﬂu%ﬂrﬁﬁ@%maﬁ‘lww Jn(kjﬁﬁt{: Q.Rh () y&?ﬁgraée@ ah@ﬁhd%ﬁﬁa?&@g & RbdifMdshadoped

wi th dUTP q defi ne Thi s resultsm he
subst i t%f'iecﬁrﬁg 'B‘F”t%l%‘tfﬂ;}*lﬁ‘ tigy preEay Bb')e t%'fgatfrtaeihﬁf ’(“C'B‘C)ac'&f“%‘?éf‘ PHEG e

cont r oldriaftht®np Sogométhaissarodestfived Turpherstietdions i n bot h strands of the
anplification product (103). The U noieties are then excised (104), usually
t hrough a coipREF&GhaPG EndoViI 1, and T4PNK, to create single base
gaps with functional 5~ phosphate and 3 hydroxyl ends (105). The single

base be cre ted at vera acing.defined b ency of
T 2 MR R Ao e O e L e

pol yrrerweammam@zymatmfre@nemana Ireethiods) asimell s coimbloatias cbppesaticeangt r _ands
CONVE GambREANeude ArbAin ARURLE o £ BIHaERSatoR Sk cklrouch R i ey
popul ation of doubl e stran ragments of a'relatively honmogenous size
(107). ®ince the size distribution of the double stranded fragnents (107)
IS a rqgeeds] Iobnd dwpedtahé Orl@seﬁli indenfibh providERméethod SFRagts&datidn Yeirred to herein as
2009107

durati oCﬁO%gngy t@%@%@{yg}%g rra Eﬂra#;ﬁ%g‘typ Tﬁg&hkgﬂé%@%t‘%]% mten%{j] (F%égﬁl&rgmt hods
pr oduc e & bﬁé@?de%@‘ecﬂf '”fqoﬂ’@r'?‘étr*ﬂnd!“ﬁ@wef @B‘Ff@d'ﬁl@ iap¢ Pnzb’y‘at'f{f@@mrta‘l'% aiipasis
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exanpl e_prot ei nase K and RNase di gesti over several hours. The resultant
materi al” 1’8 tHen di al yzed overnight or diluted directly to |ower the
concentration of renaining cellular waste. Since such nethods of isolating

the nucleic acid does not involve nmany disruptive processes (such as




[0073] In sone cases, an LFR nethod is used to anal yze the genone of an

i ndividual cell. The process for isolating DNA in this case is simlar to

t he met hod® 2d&45623Bed above, but occurs in a smaller volPGRAS2@8085Hhe DNA
is isolated and before it is aliquoted into individual wells, the genomc
DNA nugh substitationef dWTR/orfyTapidefiined andbeaairel|adlelperpsrtions ¢héheel pagltiongjakethetwndel y t o
avoi d |pgs o8 Ilﬁizﬁﬁﬂrh ctf (i@ Ah@m@é}%arﬂ;ﬁhﬂ&tl% Eﬁa{hg&%Q@e@@edLnMer of the
20091076238PCT/

t h. mat I
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(and i ruef.@éatbylaféfqueer@p oa#] fn8he mnx pRJER. ¢?ﬁt¥d ﬂ@%glnerrtgé mo@no@mbl tgﬂa S@driePN
step C o,t ul ati r nucl e| Cl S 0 ensure
Thar & P ouctBmafRn onval of Al esttet by fose it 86 R ko kel &5 Tolih iSpb B of
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CyC| i ngstrgﬁo%tbgn\; ?g%hmg gggreétﬁg;&ubleggtraﬁ@ ws@ﬁrﬁ%fg%\tl\gey;g%ulg% dou

transcri tlon nme | cat uence based
anpl i f Islt:ra'@qeﬁrﬁra@ﬂma re'?@’lelyl hRpogsnoks gzea(ﬁ% )i fiheaontieasredly ity 9 die ROVFMERsar i zed
f r agnentsh,as E[Bdﬂpd)lﬁl‘t(@édeyﬁlll@k@@dﬁ@@o’tt@\f%ﬂaﬁ@wat 0 fi6d m&lﬂMﬂlUEHehﬁl’ymerase

embodi n%p\}lty whla%cll ﬁrthe nlglgan% L!)s gu?ntt ﬁt‘iﬁ%e |d<is nﬂh%t s?rta eéagsenﬁ Lé’l{'g hr%oven?ﬁl f ed

to pre accor
the i n\i@‘h?tfaﬁﬁ exgﬂ@ghbqqsgﬁpqmq;taq pXpRYcleash a@é"th@@@gg'ﬁﬂ Weﬁé@aag%esm@ thye f@é‘étss Of

fr agrrﬁlrﬂea]t;itmthh@eqxekrsaﬁauklbcaitéa é’lo'hg@fétstr@h@urﬁli e @ﬁiyﬁ}% rédchés theERd) N It hat har e notf
anena I . roce e o, Il nser.t articu I ot e 0
cnzymed D018 8 1 RSB S el n BBt R R o) B uian Be dfed Pfrad?

her ei n,to DWITE osUEp uses imiht Mbifareacding rather thpe by diretdunatidn v degreapfersymptic tidstmrot!s

for rmc{h.é YbRE frlé\g%}ﬁer‘fte\’tlag %mbés ;Serd%E@lH@ﬁ @egfréeemégrmﬂaﬁ&ﬁtesr@d&d.bg@} I mns fceret her
nucl eic acid ecul es i ncl ude (gjﬁl I cat] on of nmes, such as éﬁa}arases

and phd$ERatELALesUHNRRgPYIgtiop REduhsridet ﬁléc"‘?'?%l ”%"d'&ar‘.a'teﬁého far e
only ablize. to ligate to other nucleic acid nolecules in a desired
orientation. Such methods are described further herein. JIB. CoRE

fragmentatiqp [%H;_atneg,tﬁga%qugfﬁg,g%gbove met hods of fragmentation for use
in the present nvention I nc ot h mechani cal and enzymatic

fragnme tion t hods, a s, caonbinatjions of enzymatic and

1 agebBied dAnRERACHS ek Ay ReRBrn S Ae R Bss et O 1P BRREALHEBIP S hods

ar e welldbngkgrosmic DhAtflagmanmts across many different aliquots such that the probability of any given region

of the genome of both the maternal and paternal component in the same aliquot is very rare. By placing
a unique identifier in each aliquot and analyzing many aliquot in the aggregate, long fragments of DNA
can be assembled into a diploid genome, e.g. the sequence of each parental chromosome can be
provided, providing a significant advantage over the prior art. While the discussion herein focuses on
the use of the LFR methods using DNB arrays and sequencing by ligation, it should be appreciated that
these LFR methods can be used with a variety of other arrays and other sequencing methods to result in
the sequencing of diploid genomes as two separate haploid genomes. This can facilitate the

identification of familial genetic disease, etc.
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[0078] In one aspect, the present invention provides a nethod of
fragnmentation referred to herein as Controll ed Random Enzymati ¢ ( CoRE)

f ragnment av0aM09/0TH38 CoRE fragnent ati on met hods descri bed PREASRIV8H8FT4be used
al one or in conbination with other nmechanical and enzymatic fragnmentation
met hodJ00&3bvire achieyean apptopriate Fepafatigefdrpmeits in genewl the ONA isdiluteddo af t hr ee
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WO 20091076238PCT/ US2008/ 085741 [0083] To achi eve an appropriate separation
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sites can be used in sequencing applications, including the combinatorial probe anchor ligation (cPAL)
method of sequencing, described herein and in U.S. Application Nos. 60/992,485; 61/026,337;
61/035,914; 61/061,134; 61/116,193; 61/102,586; 12/265,593; and 12/266,385 11/938,106; 11/938,096;
11/982,467; 11/981,804; 11/981,797; 11/981,793; 11/981,767; 11/981,761,11/981,730; 11/981,685;
11/981,661;11/981,607; 11/981,605; 11/927,388; 11/927,356;11/679,124;11/541,225;10/547,214; and
11/451,691, all of which are hereby incorporated by reference in their entirety, and particularly for
disclosure relating to sequencing by ligation.
[0112] In one aspect, adaptors of the invention are interspersed adaptors. By “interspersed adaptors” is
meant herein oligonucleotides that are inserted at spaced locations within the interior region of a target
nucleic acid. In one aspect, “interior” in reference to a target nucleic acid means a site internal to a target
nucleic acid prior to processing, such as circularization and cleavage, that may introduce sequence
inversions, or like transformations, which disrupt the ordering of nucleotides within a target nucleic acid.
[0113] The nucleic acid template constructs of the invention contain multiple interspersed adaptors
inserted into a target nucleic acid, and in a particular orientation. As discussed further herein, the target
nucleic acids are produced from nucleic acids isolated from one or more cells, including one to several

million cells. These nucleic acids are then fragmented using mechanical or enzymatic methods.
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11/981, 804; 11/981, 797, 11/981, 793; 11/981, 767, 11/981, 76111/ 981, 730;
11/981, 685; 11/981, 66111/981, 607; 11/981, 605; 11/927,388; 11/927, 356,

11/ 679, 12M0209994423825; 10/ 547, 214, and 11/451,691, all &CTMRYE/0837d1 her eby
i ncorporated by reference in their entirety, and particularly for

di scl od0td] rlde dargeigueleic aediihaieiceraespart|of gatdieinacid template construct of the invention

may have interspersed adaptors inserted at intervals within a contiguous region of the target nucleic
acids at predetermined positions. The intervals may or may not be equal. In some aspects, the
accuracy of the spacing between interspersed adaptors may be known only to an accuracy of one to a
few nucleotides. In other aspects, the spacing of the adaptors is known, and the orientation of each
adaptor relative to other adaptors in the library constructs is known. That is, in many embodiments, the
adaptors are inserted at known distances, such that the target sequence on one termini is contiguous in
the naturally occurring genomic sequence with the target sequence on the other termini. For example, in
the case of a Type lIs restriction endonuclease that cuts 16 bases from the recognition site, located 3
bases into the adaptor, the endonuclease cuts 13 bases from the end of the adaptor. Upon the insertion
of a second adaptor, the target sequence “upstream” of the adaptor and the target sequence
“‘downstream” of the adaptor are actually contiguous sequences in the original target sequence.

[0115] Although the embodiments of the invention described herein are generally described in terms of
circular nucleic acid template constructs, it will be appreciated that nucleic acid template constructs may
also be linear. Furthermore, nucleic acid template constructs of the invention may be single- or double-
stranded, with the latter being preferred in some embodiments

[0116] The present invention provides nucleic acid templates comprising a target nucleic acid containing
one or more interspersed adaptors. In a further embodiment, nucleic acid templates formed from a
plurality of genomic fragments can be used to create a library of nucleic acid templates. Such libraries of
nucleic acid templates will in some embodiments encompass target nucleic acids that together
encompass all or part of an entire genome. That is, by using a sufficient number of starting genomes
(e.g. cells), combined with random fragmentation, the resulting target nucleic acids of a particular size
that are used to create the circular templates of the invention sufficiently “cover” the genome, although as
will be appreciated, on occasion, bias may be introduced inadvertently to prevent the entire genome from
being represented.

[0117] The nucleic acid template constructs of the invention comprise multiple interspersed adaptors,
and in some aspects, these interspersed adaptors comprise one or more recognition sites for restriction
endonucleases. In further aspect, the adaptors comprise recognition sites for Type lls endonucleases.
Type-lIs endonucleases are generally commercially available and are well known in the art. Like their
Type-Il counterparts, Type-lls endonucleases recognize specific sequences of nucleotide base pairs
within a double stranded polynucleotide sequence. Upon recognizing that sequence, the endonuclease
will cleave the polynucleotide sequence, generally leaving an overhang of one strand of the sequence, or
"sticky end." Type-lls endonucleases also generally cleave outside of their recognition sites; the distance
may be anywhere from about 2 to 30 nucleotides away from the recognition site depending on the
particular endonuclease. Some Type-lls endonucleases are “exact cutters” that cut a known number of
bases away from their recognition sites. In some embodiments, Type lIs endonucleases are used that
are not “exact cutters” but rather cut within a particular range (e.g. 6 to 8 nucleotides). Generally, Type
lIs restriction endonucleases of use in the present invention have cleavage sites that are separated from
their recognition sites by at least six nucleotides (i.e. the number of nucleotides between the end of the
recognition site and the closest cleavage point). Exemplary Type lIs restriction endonucleases include,
but are not limited to, Eco57M |, Mme |, Acu |, Bpm |, BceA |, Bbv |, BciV |, BpuE |, BseM Il, BseR |, Bsg

I, BsmF |, BtgZ |, Eci |, EcoP15 |, Eco57M |, Fok |, Hga |, Hph |, Mbo II, Mnl I, SfaN |, TspDT I, TspDW I,
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[0112] In one aspect, adaptors of the invention are interspersed adaptors.
By "interspersed adaptors” is neant herein oligonucleotides that are
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whi ch the target nucleic acids | gat eac er and theaaptors ligate
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[0140] In a further enbodi ment, the invention provides adaptor ligation to
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dapt t t to.t
nucher @ aeRtuSRiel AL GBS AR Rie BuaRRAfdLe bierer PAREE:
nucl ei cdaptprdefeared ¢ heecindajatiantorarms’, canibedgaiedipieah thimimds ctthd rggat¢lonadd.t h an
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conpr i disneptristioraergietucteasd. eh sorae erdbaaimtknid, b My@enisadauidion emonudase acogrition ritenus,
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the fingngadap Qﬁmg}%ﬂafﬁﬁg Fo%g%& JE@ Qda%%'t |9H§ frgérf.e%tts &Qf’eﬂfs%nd()ﬁu%)?a bn the

circul ar Qonstruct: In sone e I ments, circul ar construct 60
anpl i f |"étﬁr'm@%|%ll'?ra§9°5'?“°<9ﬁ PHdép‘ﬁ@ﬁ@HHéWeWPF'F f‘%?é’quéﬁ'fact%‘l‘?{d"ou'é bg CreaFeéndom
hexaneriereded-ligdion, @rdaﬂStaLadaatseor fidhheftmagmareligatioh.ar get nucl ei ¢ aci d/ adapt or

str UCt {)‘?41ml{near@r!ngnv |I|n?3(9' @H‘?4||\nglr9§r ouggﬁhgﬂXetp%s%gﬁg%\emﬁgd p&/ PCR

pri med es I n the Prlcaton erably 1s a
cont r ol Arevgnifepiatien @ 4e3tien afﬁfﬁé@@é@e RGPt Duweic %P'dmagﬁ thejadantereyas wall @sPuaneiidi ng
pol ymerzasgor arrms WAth | reegect 0 tike @@qu&ﬂlé%-a@ia§ UricRidfg lubiRd acrnypmfﬁenwapm bl@rarigainget

nucl ei ¢, aci d tr ere .l s, suf resetatlon of
t he geﬁtgntgrggf_ nuc e% aC|ds m)d:@e a('ilapii(?rghnés engpﬂogm& blugh%ndbll atlon thgr I ;godoprl[a%
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mol ecul e (609) and then ligated (612) ¥ formthe full adaptor (614) and
ci rcul arnol&cul e (613). Again, a third adaptor can be added to the other
side of adaptor (609) by utilizing a Type Ils endonucl ease that cl eaves on
the other side of adaptor (609) and then ligating a third set of adaptor




25 WD 20091076238PCT/ US2008/ 085741 construct. The recognition sites in
adaptors (620) and (614) nay be identical or different. Simlarly, the
recogni t e 280%@6238n al | of the adaptors illustrated inPErgise@8d®sydy be
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Type |l§ ertr?eﬂorfbrﬁwté %tu&l&qg’ﬂ@&ld%&%re(soé)% Mé%u%u?a?c&ﬂiru& h@ s6hE eMb&im&ROSr uct .
Not e th% he asgect shown | n Fi portion of each library
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conprising a single A are added to the 3' ends of the linear I|brary
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adaptors can be done, such t the correct
ori ent 46589 {"A $HALLERRCCUR(E E?’?féf’ %qu"bﬁd tarﬁFUl&""F'Pé‘%Q’Féﬁﬂt%ﬁo?ﬁgﬁﬁwgere U%HF Be
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the linearized construct. The embodiment pictured in Figure 6 is a method in which Type lIs

endonucleases with recognition sites in adaptors (620) and (614) are applied to cleave the circular
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invention. In further embodiments, the exonuclease reaction generates smgle stranded 3’ ends of about
100 to about 3000 bases in length. In still further embodiments, the exonuclease reaction generates
single stranded 3’ ends of about 150 to about 2500, about 200 to about 2000, about 250 to about 1500,
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can be ‘i et Pnge ?Ihﬁc‘fg@&'ﬁ?lﬁ'tﬁﬁéba YRS agd th'ﬁ#UCEcthat are unprotected have been

methylated, only the unmethylated recognition site within the adaptor will allow binding of the enzyme

with subsequent cleaving. Other methods of inactivating recognition sites include without limitation
applying a methylase block to the recognition site, using a blocking oligonucleoctide to block the
recognition site, using some other blocking molecule, such as a zinc finger protein, to block the
recognition site, and nicking the recognition site to prevent methylation. Such methods for protecting the
desired recognition site are described in U.S. Application Nos. 12/265,593, filed November 5, 2008 and
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WO 2009/ 076238PCT/ US2008/ 085741 [ 0206] Met hods for form ng DNBs of the

i nvention are described in Published Patent Application Nos. W?2007120208,
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par ti C%@épufclggseaés thatt @@rﬁ%’hé&gﬁ th'é%l’s@& gtotr OSJcWargee ngd- E@e\éﬁc feth?%%'sw h[ug%g%l)lel n

ace nmy reacti ve nct | ona react
WI t h cd?rme@bf@??tt%ﬁ'V”@%ﬁi@f‘i’@ﬁ&?qgﬂ'ﬂ%‘bﬂt@w tf‘ﬂstb%ﬂag)tﬁmfméﬁtﬁ“&éhweééﬁﬂgé@oﬂ gtef or m
a covaliethi fitst AdePE arntts)Quill bddyfotaeryd Bdm tnbauvstmyheﬂhmtmues used to attach

Cancer 1) 554 8868, 26 o sk I8 Bl o srRibern TR HUP IR SARES ©
1213- 178epgnifigil Lths. 4@ @OWW@QY‘?Q@erWeEPSFTé?’@I and pgpwnaifearme fied theaBe agaRioralisihisbe

ef fici errﬂdobl'mﬁhlt achpitiddan Ryde @prh@bmﬁe@ uhd largaﬁoos.ﬁmf&r@&o@ercdp@aianaél@%acrsm&tf ace
t hat has, a oncentration q 1t1es

ch
Lot o g S RRRER SRl BT e BRE S ek pRgat e 20

pol ynudhastitatedle nol ecul es and reactive funcfionalities on the surface is

al so 1 ghfj Qﬂthﬁ@a&b‘apfo?béh t?éﬁnse?t@c?gﬂ ﬂﬁ@bth@;gld%cch%rfﬁst adip%%?]:ut!r@vﬁtth' |rlestildt'i5|§ her
enmbodi nent s, E%—?l nucl eoti de._nol ecul es can adsorb to a sur ace. .In ch an

enbodi rRSAPNUCle BP9 RGPPSR 1Be BFoRed At It APPSR 4D ?FFFBQFGH” site that
non- s pemasfongunallmreacia@ted by sethylatiort).hie osder foensake thos retdgnaiag bitereyailabey ahehhodified

inter a%ih@%ﬁ:oﬁﬂ%ﬁeﬁtﬁryh&ﬁ%ggﬂﬂd %B&iitﬂ)ﬂ ’sité/i"f’l%edfﬁgt a}@ﬁ%r%ré el %Samﬁipthé Qr%ulgli ke.
constructs to produce third linear constructs in which the first adaptor comprises uracils embedded in the
second restriction recognition site. The uracils are degraded to render the first adaptor single stranded,
which protects the recognition site in the adaptor from methylation. Applying a sequence-specific
methylase will then inactivate all unprotected recognition sites. Upon circularization the recognition site
in the first adaptor is reconstituted, and applying the restriction endonuclease will cleave the circle,
producing a position at which the third adaptor can be inserted in a third linear construct. Ligating third
adaptor arms to the third linear construct will follow the same general procedure described above — the
third linear construct will be A- or G-tailed, the third adaptor arms will be T- or C-tailed, allowing the
adaptor arms to anneal to the third linear construct and be ligated. The linear construct comprising the
third adaptor arms is then circularized to form a third circular construct. Like the second adaptor, the
third adaptor will generally comprise a recognition site for a restriction endonuclease that is different than

the recognition site contained in the first adaptor.

37
DB2/20900556.1



[0211] Attachment may al so include wash steps of varying stringencies to
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recognition site 1904) and in the Type lls restriction endonuclease recognition site of the first adaptor
1930 protecting these sites from Type lIs restriction endonuclease recognition.

[0188] The nicked construct is then circularized and ligated at process 1929, where the Type lls
restriction endonuclease recognition site in the first and second arms 1924 and 1926 of the second
adaptor is re-formed 1932 and the process is repeated where the circularized construct is cut again with
the Type lls restriction endonuclease in process 1931 to generate another linearized construct (this one
with first and second adaptors already added) available for ligation of a third pair of adaptor arms 1936
and 1938 to the construct. The Type lIs restriction endonuclease recognition site is shown at 1922, the
site of restriction is shown at 1920, the nick Type lIs restriction endonuclease recognition site in the
target nucleic acid fragment is shown at 1918 and the nick in the first adaptor is shown at 1934. The
process can be repeated to add as many adaptors as are desired. As shown here, the first added
adaptor had one Type lIs restriction endonuclease recognition site; however, in other aspects, the first
added adaptor may have two Type lls restriction endonuclease recognition sites to allow for precise
selection of target nucleic acid size for the construct.

[0189] In one aspect, adaptors can be designed to have sequence-specific nickase sites surrounding or
partially overlapping the Type lls restriction endonuclease recognition site. By utilizing the nickase, the
Type lls restriction endonuclease recognition site(s) of each adaptor can be selectively protected from
methylation. In further embodiments, the nickase may recognize another sequence or site, but will cut at
the Type lIs restriction endonuclease recognition site. Nickases are endonucleases recognize a specific
recognition sequence in double-stranded DNA, and cut one strand at a specific location relative to the
recognition sequence, thereby giving rise to single-stranded breaks in duplex DNA and include but are
not limited to Nb.BsrDI, Nb.Bsml, Nt.BbvClI, Nb.Bbv.Nb.Btsl and Nt.BstNBI. By employing a combination
of sequence-specific nickase and Type lIs restriction endonuclease, all Type lls restriction endonuclease
recognition sites in the target nucleic acid as well as the Type lls restriction endonuclease recognition
sites in any previously-inserted adaptor can be protected from digestion (assuming, of course, the Type
lIs restriction endonuclease is nick sensitive, i.e., will not bind at a recognition site that has been nicked).
[0190] Figure 20 is a schematic representation of an embodiment of methods of the invention where a
desired position of a second adaptor relative to a first adaptor is selected using methylation and

sequence-specific nickases. Figure 20 shows genomic DNA of interest (target nucleic acid) 2002 having
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11/981, 793; 11/981, 767; 11/981, 761; 11/981, 730, 11/981, 685; 11/981, 661;
11/ 981, 607; 11/981, 605; 11/927,388; 11/927,356; 11/679, 124; 11/ 541, 225;
WO 2009/076238 PCT/US2008/085741

a Type lIs restriction endonuclease recognition site at 2004. The genomic DNA is fractionated or
fragmented in process 2005 to produce fragments 2006 having a Type lls restriction endonuclease
recognition site 2004. Adaptor arms 2008 and 2010 are ligated to fragment 2006 in process 2007.
Fragment 2006 with adaptor arms 2008 and 2010 (a library construct) is circularized in process 2009 and
amplified by circle dependent amplification in process 2011, resulting in a highly-branched concatemer of
alternating target nucleic acid fragments 2006 (with the Type llIs restriction endonuclease recognition site
at 2004) and first adaptors 2012.

[0191] In process 2013, a sequence-specific nickase 2030 is used to nick the nucleic acid in or near
specific Type llIs restriction endonuclease recognition sites in the adaptor in the library construct thereby
blocking methylation of these sites. Here, the Type lls restriction endonuclease recognition sites in
adaptor arms 2012 and 2014 are nicked by sequence-specific nickase 2030. In process 2015, un-nicked
Type lls restriction endonuclease recognition sites in the construct are methylated—here, methylation
2016 of the Type lls restriction endonuclease recognition site 2004)--protecting these sites from Type lIs
restriction endonuclease recognition. However, the Type lls restriction endonuclease recognition sites
in adaptors 2012 and 2014 are not methylated due to the presence of the nicks.

[0192] At process 2017, the nicks are repaired in the library construct, resulting in a library construct
where the Type llIs restriction endonuclease recognition site in adaptors 2012 are available for
recognition and restriction 2018, and the Type lIs restriction endonuclease recognition site in the
genomic fragment 2004, is not. The methylated construct is then ligated to an second pair of adaptor
arms, circularized, and amplified via circle dependent amplification at process 2021, resulting in a
concatemer of alternating target nucleic acid fragments 2006 (with the Type lls restriction endonuclease
recognition site at 2004), first adaptors 2012 and second adaptors 2020. Next, in process 2023,
sequence-specific nicking is performed again, this time with a sequence-specific nickase that recognizes
a site in the second adaptor 2020 to block methylation of the Type llIs restriction endonuclease
recognition site in the second adaptor 2020, but not the other Type IIs restriction endonuclease
recognition sites in the construct (i.e., the Type lls restriction endonuclease recognition site 2004 in the
fragment and the Type lls restriction endonuclease recognition site in first adaptor 2012). The process
then continues with methylation 2015, and further adaptor arms are added, if desired. Different
sequence-specific nickase sites are used in each different adaptor, allowing for sequence-specific nicking
throughout the process.

[0193] Figure 21 is a schematic representation of a process where a desired position of a second
adaptor relative to a first adaptor is selected using methylation and sequence-specific methylase
blockers. Figure 21 shows genomic DNA of interest (target nucleic acid) 2212 having a Type lIs
restriction endonuclease recognition site at 2214. The genomic DNA is fractionated or fragmented in
process 2105 to produce fragment 2106 having a Type lIs restriction endonuclease recognition site 2104.
Adaptor arms 2108 and 2110 are ligated to fragment 2106 in process 2107. Fragment 2106 with adaptor
arms 2108 and 2110 (a library construct) is circularized in process 2109 and amplified by circle
dependent amplification in process 2111, resulting in a highly-branched concatemer of alternating target
nucleic acid fragments 2106 (with the Type lIs restriction endonuclease recognition site at 2104) and first
adaptors 2112.

[0194] In process 2113, a sequence-specific methylase blocker 2130 such as a zinc finger is used to

block methylation in specific Type lls restriction endonuclease recognition sites in the library construct.
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or gr oupsed)bvaiele én égasion of aghisbadlobadapton a@lsso theeormstractnyhé prloesds usn ey t he
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directed to identifylng sequences reci at
ot her, 'KéerRbEHeRERRICIeASHGEPIS|tIEN Stsi EPVY%WSH‘N@[ %Spéﬁﬁﬁ'f‘? %’FW@"%PO%?P@? BayRayeal so

be usedwb mygeh B reipach erebhklcdesetdodniion kies & Hllow for precise selection of target nucleic acid
size for the construct.
[0199] In addition to the above methods for controlled insertion of multiple interspersed adaptors,
constructs comprising adaptors in specific orientations may further be selected by enriching a population
of constructs for those with adaptors in the desired orientations. Such enrichment methods are
described in US Ser. Nos. 60/864,992 filed 11/09/06; 11/943,703, filed 11/02/07; 11/943,697, filed
11/02/07; 11/943,695, filed 11/02/07; and PCT/US07/835540; filed 11/02/07, all of which are incorporated
by reference in their entirety for all purposes and in particular for all teachings related to methods and

compositions for selecting for specific orientations of adaptors.

42
DB2/20900556.1



VIT A, Overview of cPAL sequencing 48 WO 20091076238PCT/ US2008/ 085741 [ 0228]

Sequences of DNBs are generally identified in accordance wth the present

i nventi ora20egp7m38hods referred to herein as comnbi nat oPCAIUSRISIH8S7Ahchor
ligation ("cPAL") and variations thereof, as described below. In brief,

cPAL i iiMakimg ONReNt i fyi ng a nucl eotide at a particular detection position

in a target nucleic acid by detectin probe ligation product fornmed by

| i gati dﬂzc*{?i I5,png 5RE%L Wﬁ'@'céﬁ'éﬁ%?p'%?%g‘et'% 2OUGNARS HBH Jegene@tetucleacar t of ~ an

adapt Ornaastellg whieh dendonefepedb @etemats ‘“DRAhaiddslisd “PRBY’ ahdl“anplicore!. eTHesele at an
inter rn%glgtclagg Qr%%%I sI Qe]genteg% co%atgrﬁgrg(g@q&ls ﬁn(u?tr coWes !)f am{tlale glc%? nIt ?Qte I)fhe

det ecti on FeT o encing pro RS A" uni ue| PT)P

| abel . the 'nt%téoma@t%@ft Fl&@'%ﬁc'dtflﬁ‘eoﬁ ﬁqe‘ﬁm%g@mt'wm feimsA frP%‘ %bﬁ*ﬂﬂ'wﬁ ar y to

t he nuqﬁ&@ﬁmedemgthetmh&@tje@t.bmems| tion, I i gatl on can occur, resulti ng in

ali gatb pandgCt Ctopottlf?t'l E‘.rcﬁ‘ tlcgtlolfltrzh%gl use crea Eemtepe detrttv%%{
Descrid 0 o' PR e et “EXE ary ‘e ai men ’#9& Sare

provi deTcﬂteEéJFm«tpceBt hagi Hekn provaipoeneiatg edltlmlhatntltuhve's mﬂlesmf\tha@ﬂ@mmmq)t@@neo are

not meagdh). t(ﬂ)Sbﬁ‘J BiblMHeh %4 20985-64285. ¥ 8ddnathaRs, 8hudidi€adidb lré?)‘ﬁéa’f&i H?W‘pé)éﬂl ment s

are enCO asse sent | nvent.l on

el SR MY AT N ATL DT K RS R A A
or t he rhawyneferenses afailable tqpthese db etdineyrskimind g LS Paemt Mo baR6,180c b@854,038uch as,
for s} Aogs, RELAPEDa1 BeioNneh 30y Blododieyt] RISLITARMR ahecul e or

bet ween an’ o onucl eot primer and rimer binding site on a

si ngl e-RSACY '%E?é‘l'célabfoai"l tﬂa"hﬂjéﬁfﬂ'aé‘??etﬂ@%’?eyatﬁ&E‘P@B'tel"ﬁ@sjsﬁﬁ SCRyEREPAl |y, A
and T (methodsand U), or C and G Two single-stranded RNA or DNA nol ecul es
are sai sﬁ@ﬂ - 0}

strand, [61262? C?eqtefawyp Eatgll) d’ﬁp%qgrlt?ﬂag(ye%lC?Iev\é?r%ﬁdetdktﬁ}[ﬁgaﬂegt&ék%ﬁ@ % rlf?“lg%

i nsert |t6ﬁﬁ§”féﬁa' e '\@tQ'fé'ﬁs a DM ?O'Wetf?fea'ﬁv'ﬂgaﬁ@d ﬁlﬁ@ia‘te"@O%CBY'tyttQt‘eXt?ﬂdH@r3 §b¥sand,
usual | y)fatméreaﬁrteaebmmNAaei%etson@t@eyae a&%p@f& awencoab@mtmat?&&(yrﬁ@a@b@w.oriOO%
[0230] % com ne]ms an[ttl) dldz%gjer ondltlons ﬁta? ermttrh]n? rE{ Oa%%ga to BNX\h c?e two
smglesraa @Pnuc ot des Brad hon g ovare tP o)

doubl e- %ctqnalnmefdhmlpymeelbwtqw pdN'i@f@S@SermtSICPlgia(eH@@&?f PA Ctidemreplemrmwded

pol ynuche@teh@diinsnta nuatﬁ@at.eltenetatesdmlecﬂwenuonIalvebctdusltb%ﬁl&dd@@c.e@a@teﬁ h@ns" w ||
| ude salt concentrati ons o an about 1M nore usually

typi cal
L e B oS PR T ot BB 2 Rt BEBIERIBG T A * hvbr i o vati on
buf f er "[0203] alnlboinE embddimarts, agplifighiicorf sitcolr aglesl4cE8SPREY be immdnmteddyshedesHivieer s

known i8adcR@r &Hokt- ohgi‘c%t?élééﬂiljgs%' 508- rﬁ&?ﬁ‘éﬁtaatrh'&t’é‘u% c%ﬁtQmRS aﬁﬁoés@\@s@éueﬁges byt are
typicall'y greater C, and nore tr?/?_il cal q(%jreat er than about 30C, and

typi cal (et gre gythadic, 3d\m't8"/t‘3"‘“til§/8f e 8¢ 'ﬁ%”“&teé“ sﬂ%t‘t'ﬁ%ﬁel?é‘ie’fj 8FqHeRCes fier

St r i ngedirtle eaplhichtibn, @msqcess khown aOdtlé deradannaeplifivdiociCBAPr<Gliae uepehddmybr i di ze
toits atn%ﬂg[lons UP%%%“%‘FE‘F&O%R Y&JJ Ia@grjtterrt'éptgnl!lfgatﬁ)ﬁ o% 9 d(SJBf‘e s‘?rtah'&rd ircular

unconpl i mentary sequences Fin £ I oNs are sequence-dependent and
are di ft?fé?'etﬁtus'ﬂgtpfdi‘eff? amealngde P%ﬁﬁ‘éﬁnéﬁeféﬁe cicglpr tawplpisiiegenemiyRrPdUcsagnent s may
requi r aeftbgheig ttmmbertnaddszcatneaémt@tapegtmtngrrescd‘s@atde&apemut‘>|taihythmbéttdﬂl graidron t han

short fr rrentdt d((]) er fatctorts.rﬁa)( [ect the ringency of ber of bri
hybri di za Ton el udimg bas eev%’bsrrposu‘tu%r?aé‘neép?”e” Wcreg Ghecompl et ar y
st r andindigeieswish @fsorm@ant %p@@ntvaémp@aseandtetamuew eretuch perssaied eviestires: chieng,

the cormhtaetus@@mat b@é\‘raafaﬁioﬂfs%qhétc@w& rtaﬁawrte&arhergmrmatjmavea@%k.ﬂt SeqBRSUT €

t t dt
e absut ~aed o ERIER o hiFereT mant (DA SRR £ ox Efereena Gl HEE | oni o
st r engtffagmads péing BXeawpl ary stringent conditions include a salt

concentpajay ben@éterﬂérs h%z%ko Be géfhélrattéh tgﬂ E;ét%%f Fan%PDﬂtMrﬁRQbr%é@anGf aCtQia[juﬁ&t r at ' on

(or other salt 0 about™ 8. nper at ur e of

| east J8EPlE Aéﬁﬁ)ﬁﬁr"e”ta%ﬁmtt‘ PesiYIngrang gndssie t@FﬂSUﬂ?fﬁﬁUf@a&lPOP%'OW%&m%m
phosphaarget CiNAivh H2Tddnedrtep i conégteraetsibypa tnédigpe ofacbuiesponding3fiidgiag enplitdsabl e f or
all el e- i ridi

condi ¢ 1 GRBF 1 Elm@bARERINRL b B 2 B3pudh b eE SR L A bagpe
(2001) ,on¥reEEHPEpatectch gs aAeir%ﬁt"aft%PytyRﬂa?f@Qt‘ptor( 3p rogulationspiy besisplptee o

Har bor duwamgat;redse)esé?r(e@s s.zéQeM@dZOQng]&?ﬁm&aﬁEbM&R@Q&/ &) &bchAlenti€ZBddin As used

her ei n, fhe t erm " ener | refers to t.h rature at h. hal f of
the. posgh B Sibe o am ETAF Ay o 8P of EPRAG LY L Ll b

di ssocitegheiduésaueh a3 R@'Re strands The equati on for cal cul ati ng the Tm of
nucleic acids is well known in the art. As indicated by standard
referenD%e/% 05a6S| npl e estinmate of the T, 43val ue may be cal cul ated by the
equati on: 81, 5+16. 6(1 0gl0[ Na+])0.41(% G+C] ) 675/ n-1. 0Om when a nucl eic
acid is in aqueous solution having cation concentrations of 0.5 M or |ess,

the (G+C) content is between 30% and 70% n is the nunber of bases, and m



50 WD 20091076238PCT/ US2008/ 085741 target nucleic acid 2512 adjacent to
adapt or 2511 (the "overhang" portion). The second anchor probe is generally
t o0 shortwoaiwa7M3Bnt ai ned al one in its duplex hybridi zRCIram2¢8a8¥41 but
upon ligation to the first anchor probe it forns a | onger anchor probe that
| s st aldP306hyWithadls fas dprining DINBS sEGa swentinr iesigscribagindiuBlishedBaieni hoplisatianNoshe

" si ngl evehz120788 Ved2008012804, vﬂﬁzowmgﬁwan@u@mb@@za@(a%d Ufsabat@ﬁtm fAfdrs each

e 28, BheBrs FBh% AP AT Pl P, L Ay B R 0, S

sequencli1regd 8o &8 wBadhNotl Ived1, Taicl ¥e1i798;s1 1481 Fbiat! 14985741 dh981s730y/fited Citeted

2509 t%ﬁftﬁ)ﬂﬂ%ﬁ%s 31%%%6%%@4 éﬂ#P#ﬁQ‘s@'@é 419@%8@' 19/@27‘5&% ipErg pal S or
npl e l'ustrated in Figure

1@6&8%%6%87 %%E)H%%ﬁgé %@ ”dﬁéégk 6"?fmhéﬁhrab°g'a?°équ?{%d RRASB bY FRIR™NE T i ve
p05| t| Olm81e5entméty fonell purgats amd ip partiduldd &ir wib eactinys rdaqdieiamirg ONBsbe 2514 and
the ligated anchor probes 2513. Since the second adaptor probe 2505 has
five degenerate bases at its 5 end, it reaches five bases into the target
nucl ei Vldpduciay grrays1af B¥BRg i nterrogation with the sequencing probe at a
full tqo207asesnd 4spaettiness dTtrerihaaionked igeBed drea §iatageto fdthhcd rehdbrra@rra;i 025ﬂg?e and

t he adahpt N ul 25@)&183 La 2%94%(%4 t%fsvr?a t Ia(\)/%r"lset)pgf t rHnqu[Jes mguéjng covaljar% attac)l(wfnrrﬁ)t aﬁg of a

doubl e ¢C Iret ermn
of t he nedaptaiant attasementcorage ama?ﬁlrmntmwb‘ecevmw In%@em@tp@rmb@ﬂmabfpyn mor e

degenero@finﬁle%kde h%@fe@irﬁnd@d'dhpl@@\é%lﬂl @hBateat of%%@ﬂ@dle%hdé RolB&fe, ShYaslahgat e
to the en firs a ut also to second

be
adapt or™ Aitarigbntfeqtopy Tnst e BinpluRG e Ergir ot b panyit SighisRhl s o
artif adrks struchigess betdonh tepietes with rddptes, @adedsebesieh Sotarnayleyalad Si neige 8,47 d0&ngage

in i gaji®ns Itié?etﬁ‘/ nﬁdon%Fat&ﬂF?l?@énh d})be or to a SequenC| ng probe. Such
activation nethods are describ in further detail ow, and_i ncl ude

met hodd94%¢ HV'%{'%Odé é‘?r&f'i’“I”Qé‘fr?ySr?Baf\'P? PfrFE)e PH%‘t'P’é?rﬁ]dﬁ?C”B‘?d 'F ﬁéb'ﬁﬁ%%ﬂ‘e’]br obes such
that t Hepliatien ladsl &/(200112¢208c\WORDYE0VEH04, WAR0I7d B3&3N, B ¢I82007008LD8, D1 U.S.
t t

Sggggncﬁﬁt Rﬁ&@ﬁ.oh ﬁoé‘ GE)@E)%%%UE@R{@:{&‘?E@/%% c?ggcér‘\?dgz AP%H’R% 1§306‘F/lﬂ%| %@ap or.
appr eci '#t%8a 59%&?/266#@ HEYIRIWS: 11981824\ 1t1l‘ﬂgéé%r11/%T é93ah1!%1 764y Uﬁ‘@é 7§? e
al so enamepassadobyedshel/ggiessantii/asn\6ent1i1oe1,605) 28637, 398; adebiziasem1/63eqeenci ng
react| 0]
e N L e e
3' or 8nther entifety fod albrusposes andie patieiar fapall tepehings sratpdiedoreing ayeys of DNBs.

" bi di r ge30d9pnAakomd é}nwaﬁnﬁ‘é?htsbé@@ﬁac@ﬁﬂy H8leq64chek fahcti@litdttha '?eal@ﬂﬁihtdoﬁhﬂfémanta@nd

of the adﬁ}t or

I B'
o il ¢ AT Sh mepe il RRen R ER B0t ke gt B B & Hectemet e an
t he sartechnignes usedto allegudliNAisdd Micraaragmy.goSaéncv 4t 0A3TY4). Menes, Sihemopeness of

CPAL (V&b%é}ec{o $b. '?ﬂ'E!%auéi@é‘PiO@ﬂ émem I@Iedlﬁﬁéicheﬁﬁ\fs by, 8' f&a@lmwwmah bleRdBroBpses 10
the regi ons of the target nuci ei c_aci d éﬁebacent e adaptors. In brief,

the cPACTSRMHEEE ST e PNEREAY 8lgC P%?ff'?"?ﬂ“kéﬁ? ﬁqﬁoé‘ﬁdrBFPhOHﬁlst‘rfaﬁF sugfj stfeNbases
Wi t hi n giasb aurget thatitdsed low edricentiayiorcyf whiiqug reatiledunciioralit@s fapbin aH@agioops. and
enzymat crlnh&ﬁh'rdagh E&ARK oRgs hnhdd b%%\éﬁgu%'p'agnw % RIS s dRs Le%@tﬁxg to detect

nucl eoti des at va positions renove he I nterface between the
adaptorf”’%;ﬁtlﬁi"aﬂ%?rsé’tilttherfth| ?‘@l'%a'%fbreff”e‘”?@ﬁﬁ}”@ﬁ Feanied) gtachmee sequenci ng pr obes
used ar[e21§sh gigartibiehbddiedntst b@ynudedsttdemwame@m adsorby £sudfbcdas eschah one or
nore po; f th

t hat Se?ﬂubé)%j]@’l%ﬁtg[hg nglgrwcﬁeﬁote%q?%? eFa eh HQE{J& lﬂt]ggucgiﬂ noE ?ecb@%?éra%gﬁsa&mqﬁ%
base( s)sug@cet Wéhrpmhe}on@g\e@dqnbﬁtewmnsﬁem@)hyﬂ@gﬁ“etmém@dan feréVaalgfarces aﬁ‘é)ﬂi‘ﬁl ex
is strijpped off of the DNB and a new cycl e of adaptor and sequenci ng probe

hybri di ation i dcte As will be appreciated
B ofto7h Al b v ok 680 SRS 8 el stbhaices RyomelaRl i i ion
to the sm@hmeh@dsotU@seﬁgehiedrea@ﬁvem chriel uearRiion sthies whnse aepeicad Unyediraglat i on
met hodsor%tg\@lnbn@gc,m;anﬁgouﬁ@g,tggﬁgdeng met hods, including without limtation

sequencing. b n uencin

300010 1B5%B BET1 KPuTe st Do HE S e P e JBHEE A DBy isrsaiep
ext ensinmay)be indogioratd! iste g serferk nging methodraitnown indhe art aa\debtribed fudtbehereindn t he
li ke.

exemplary embodiments, discrete regions contain reactive functionalities or capture probes which can be
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pr obes tedt chaved uxgd & innpoiis dalyaudanibé maktwstss of the four nucl eotide bases at
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pr obes:ar@yy Ofébﬂa'ﬁwa?cu‘ﬁhefﬁ an#fyzed apyrid E?t@lﬁée%ws TeqHiTEe S@é‘b‘@n@reét SuiRSes"

for exanple, it is actually a set of adaptor probes conprising the sequence
correspondi n to the anchor site, and &Pl possi bl e conbi nations at 3

posi ti ong- 8%t is a pool of 64 probes).



[0245] In sone enbodi nents, for each interrogation position, four
differently | abel ed pools can be conbined in a single pool and used in a
sequenci NYOWOWM762BRUS, in any particul ar sequenci ng st eBCTASPWSI08S7dr e used,
each with a different specific base at the interrogation position and with
a di f f elithaurpeibetedaly indedsonrierial sueh ash@lassaralyagtylamifie-dopted glpesy serbigs. iisd.t i on.
That i %Iluc&equkﬁ&CIdﬁeudDdlé%lﬂé%ﬁaﬁH e MeSH o@@@@de@l thé akal b RnSUeRadehdly 1R in the
particul ar nuc §%tt ge at artlttﬁ i nterrogation 05|t|on i S associ ated
Y ? ot

with a 7S “qi f'f‘8P AtPer 'I’Ie"“I’%‘éﬁ AT S B ARG 2 PIIBERPhi th a
di f f er sfide, hawtgsﬁomrfd@ that ig irdfomranslaningde rhs gaetyi be rcpowilished msing~omventiamgd| e, f our
pool s GaRlRR, H@egc.d IIII\II}I{%\L,\IIMIM@&I by'\INNZIﬁIbanIw?autHNHq\%aa&%raatﬂtr.MNN@%hanxe4 in

a single step, | ong as the dyes are_opti sol vabl'e. In sone

enbodi %thgsopfoav'et@%a p.&nf athséreﬁs Beeedf16h, % V? t“ 8I5r§y whish {PripRameroxianiZpd; o

i ncl udesutfave. p9OB&tticas at(ﬁ@SSMBIeCﬂthuvtedhlnolbgaj ¢i21RerSuah £safacais régdilgtreated to
Simlar i I :
rbod h L erRaclich S4f G BT80S b, by Boviafly L8 blgbfldontdh AR or

si mul t%@@@%'?@e gltqupt@awtaryawcaé?ﬁe@@aweﬁba' ‘j'ta‘é?bqvﬂ) RAiPF P @plisetiogfethe suace.  t he
NNNANN-Fiiytedr eﬁtbech]ﬁheﬁltafbr hﬁcmatimglaa@mrthér prepaRRCIuradtes f@nee Rithdy@esent isvegtal | S

aﬁm&tl\l_eage g?ccaaﬁ’f réaganrt] le mé{)lé éx?en %@oj qlop% Klbs %pﬁ%%SsgﬁQé%dd&gO&/OBStg#d
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i ncl udingsaboyiti18s1, @6761101?961 752 P8 330 11A/9b UsENe 1 oeNddi NENID7. SRGUeNSI Ng

pr obes e.r of bout out to
D oo™ it BB ST RO TR L8035 ShedPo b e Big 1S 6802 A 13
and aboxhichi®hearein moorptrated by sedearence[Il0iR4ntireSdenad mgnpn@syancb bﬂ@rt@ﬁlatfhreallma@blem
' nvent 'r@IQte@E@prﬁlh@ﬂﬁgcé&oh&nﬁr@mﬂamﬁ@ M teRRiflgs RIaB8RHANing ARNSEC Y

npl enment arl)( sequence of the target sequence such that hybr| di zation
of a pdPticyA ytaaﬁaé%?f[g@%uence and probes of the present invention occurs. In
parti cuybzus] Intmbadirenosfti@nibventiatin vhieh patteersrob giadréte regams ateirequirbdse and t he
detecti g I of
the | iSRRG bt IE AR R, Hp RERNATER b e B 5, 7Rty
enbodi rBeAeTate SYRASAKP ﬁ@am’td@Wééeta?féuﬁ%fteF&ﬂ IFiimtﬂSr?bP'eHLSnP%?’}F 5t163 Bofe Fodar glet
sequencs U.9. pateincs)714r808; Gyt (d0d4)zeurnkibaPhysts Dt AgplieX PRYsicBEITE R128F R 1] Whichuaneler
condl ti ey ormation of perfect basepairing, as is known in

'QCQ%FaQ&I[Wefr% re%trr]%g% ated by those in the art, a sequencing probe

t hat | J0281 fleerg aspedriyIfaces seRipiping a plyrafity ok disqiesergaciond pretfafsicated Bet sequence
coul d hﬁo@nhagradhpshaahmaclayy mnaueeaaia&@rﬂxt tq@ara sBIREAIRG Hdvhaikd Yfith hReo-seuTe
target se cases on the
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voe ot BBy pisRbresBr, T a R R 50 Rl o o BB o TR or 3
per f ectreticlectins r@ttenntoateglon@tosb@ @etiveted dgpatrojederLentetbs safade pighe plwtotehiet 8singg8 WD

20091076238P G300 HRDAGD-rE R AUevdibbed Or@ﬁoﬁﬁg)lﬂg biEBO e g@ﬁ&@@beﬂ@m%hlcthhe
application, the COEB/I enentarity between the sequenci d%btgeg/o e and the

target REBERPABRC B et outee: T?'ﬁ@@écmsrﬁg b&HI?S'H% ﬁtﬁ@Pg i glopjag fechnique
m smat clapable ciﬂprc(dhmw Very firetdetafl e substhateniy hren thalzgittod sirenbibemibe merbdiend hotpet
Sequencrgs@n»&}tet| n@g Il_q@a(; Wa?é?%qga({%lf&lfﬁcﬁor@lﬁﬂaq& O'I'het\pﬁerﬁg Iﬂ%r?%fb;ég{éﬁ%‘&dps}ﬂ

m smat ches i s so great I'zat1 on can
occur th*tH‘éSr't'Oé\?E?ta‘t‘I’I@pr@%’t‘e@t'?tI‘%%'ﬁt‘e othem?ﬁ?r‘tt/ af tfa?m@ﬁ f%I’Rﬂ‘?'FP% A@nomg{&an
sequenas tightlyrohtraled By NaneTENE 6d’ny,‘erttrat’@‘ﬂdf treanphemeeand titgne dexpsulesf mat i al | y
conpl e e I ntly
conpl enghi Al QiR éta%ret Ried, Bibe bidf® BOMAT Gb00s RORGE B e EED
condi t |fmi‘9meH0Wé\$étPStfa‘Iecb?t %@leﬁﬂ@qm t@zﬂltedh%mortq*ﬁtyemiﬁ@imrfmorah@dgranom tP avor

probe hu@éxpdseaatub@ﬁ Avat aking, tﬁ@refnaﬁtdgxbhaaﬂw.@ﬁﬂpbardntoye&e@.@ta%etone Because

Al t | f t t d t t he |
Fenct i ahipgibteas n sinancheRIcy B et Yk Cant it ity el gt
sequenca thrsubstrate inay emagetadt droygb dhetdceondpase. h@@ladeaalcarow flutitpai funotienelivey | f

per f ectbyqaamtgetﬂaﬂmﬁ prMe ten&h@ém.eaahatté P éamewa py.IofIr?e@.% N- ndmffﬁyfaﬁaaae in
addi ti Qr ener at

in e

vent {R SCeTPer Bat Capale e B h e GRTe SA e R Ro R SR can be
used. Ftigonexlestidbecani begsdpasdméhn alﬁecanlsce@l-mqéuwr -l0 fitdien (leroResearch hEiggtestysdue s
and pr use in
ot hods 2t S RORCIBUEAD o3 Sttt AW o UAHe GEMERENTS. PARBrEsRg, °%) e
or Ial?ép'éﬂ‘a'flﬁ'@?t'éi‘ﬁ‘t'zt‘tb?”ﬁ@%t that a co ound has at Ieast one el enent,

i sot ope or OgsIstéalm cal conpound attached #® enabl e the detection of the
conpoun& 'n general, |abels of use in the invention include w thout
limtation isotopic I abel s, which may be radi oactive or heavy i sotopes,

magnetic | abels, electrical |abels, thermal |abels, colored and | um nescent



BODI PY 576/ 589, BODI PY 581/591, BODI PY 630/ 650, BODI PY 650/ 665, Cascade
Bl ue, Cascade Yell ow, Dansyl, |issam ne rhodam ne B, Marina Blue, O egon
G een 4883Y0@peyum3&r een 514, Pacific Blue, rhodam ne 6GPCTASAMGBE4Yr een,
rhodam ne red, tetranethylrhodam ne, Texas Red (avail able from Ml ecul ar
Pr obes,[032§t . In amihps agpecORIfagssgontaging aQpalincy gissrete@ydors, arafabiriogie? by Aae- sham
Bi osci Qmﬁmllthgﬂr%t(ﬁmfyor NAM%pr(ﬂﬂ&loﬂt?@fa&} suHsﬂatgwm%Bl@vamtha?er&he

| abel d
670 hndb oSt combent £5o e ORR b e erisnd Bf St mas SR alng b iasa]
Label s commobig caltet! #ehedrirt yeru Fhe mestacimgant tapl them mekdsenliralyesséa cpditpuisndntng

probes Iévcert'h% REGRBRkndsB¥ERE In%nHéyePQtﬁH%trE&‘Jéd W%a‘éﬂchwa%nﬁrtﬁe lo@9fal & @
vari ety ‘of |ocations of the nucleosides. For exar’rg attachnent can be at

ei t her B‘? '"t%'i‘tﬁea(cer”?ﬁtﬁ‘i”SfS'i"a¥‘ﬂ’reB?F6&~°reeP%”%R§fea'ay‘ffr‘s% 1P remews that the §=arpt 'BYE™ or
bot h. Foemeixalplely,un®utied hMenimpoft aht @anséds &yensaye tbew Imhmrwuemny BeatindoRe of t he
i bose-ghaspnal h%ngaqﬁaggssmg ol it t 0P arcBOSIAd ARt DRN biRldusiy Fpf USe wi th
t er m nal in one e i ment throug m de or a I 1 nkage.
Attachrﬁeﬁﬁttfaf?a?thél‘§ﬁ'VB@ePr§HéaR?fﬁe%s'mma‘if@e%b%’ﬁe ri bose- phosphate
backbone221prin bﬁbtrﬁdaasdaas Q.Jr&f;esacoﬁlémir@@tplldﬁtty dfﬂb@ﬂe&z reg%hslaee Rblicataed natd one or
bot h endsg’%f i rocess uses photo rlnt oreb mhl%h h .C eam cgerg’n (p%vhl gath of a
probe p[rB 4] é@ uenci ng obé’ are structured f?aeren?? emfl ng on the
i nt er r 0gaative nnap:es)f the (fmttmessreqterdd of-the pentaepd. eDrInt heaeﬁerecasely m'ad% efcﬂ.ﬁéﬁcfi%@e

pr oges do@h@ th\asba dirhét @Bmlreeaama) Thl MaeriB0 i Iaye@é"of\Mafté?l'aE haaﬁdwd.ﬁeeauenm ngt
pro e or |

1
PO s e e reptes s bl SERGTE. st ol TS L OPRON £ ML Ao T
of t he teegoé&yenafesjst oateridl hader centrolgddempesattive anthereesude taaditigrtse dhé print heagias | on
to the tﬁ@%géct% Btéeplash%%%'éﬂd e@%mgad?&,]agé toﬁ’rﬁ&@\‘?e th@§sdé§t‘$§i orkﬁfrf%'pﬂnt' headBaft an

oli gonucl eot| desi tg at le ortion of an
At orSMPale ISP i G0, o 6 PR S Vi - Cohbal n

mul ti pIaeraaswdmatesareman_ﬁfacturieybsmginamatplnmtmg\wﬁapdmhg a paterrasfambre ndiees, as
descri tb‘ﬁ?onrﬂale&fdgs oﬁ?@aq%rﬁ&g%ﬁ&% ofe ratt su g(fee'Tﬂesead]gmaeﬂrdgpﬁéuI(?I:erhlésfs in the

present nventi on can esl ridize to an aptor suc t hat at
| east CREIVERICRSE far Hie Rt praductsy 6%5@ pP?”‘fal' aeRNAee IR f’éﬂ‘epfﬂfelﬁgﬁsﬁifsabd*y % Rentadapt or
(el t herinténaséd wasins of diffetentbsture gitbes &ito 1he tdmiiom btay suibpdie rTheniandi beent s,

anchor probes, cap SE g 'pﬂﬂt%g Wit md;){g é)gnt%}%a(% eegth heS&Rdvird apo‘?r{eh#&éé‘a@ n, &b

adapt or fomqlr t 8st' 'Ghe nuclfeo
t ar get %@éﬂt%ﬁ%ﬂtta‘@lt@eﬁw @?cf@ f’ﬂtthQ ﬁﬁa! $leicpdstenort(patierar Awahgrethods aiow for sester at ed

in Fi gLHon&él en%BdﬁlIth)ch W%Mthﬁﬂﬁ@l‘ah&&ﬁa@ays%H@@ﬁ@lecmbl%m&a{ek to a
portion rises four degenerate

of Anch r o({) 24p p
P et o b0 PR Bhieshl G e BN s BT P B P o s B pe emahor
pr obe (162221 do stdiranttberfasbéoy, agrighptensiiyalrby ofrraptote digrenucleciide nieds offsulb eeranesizgeas
nucl ei Cpr@p(é'ré?d u@ﬁi.b @%ﬁﬁﬂn th@aot &%&ﬁﬁﬁlﬁ&ér Mrt%l f!o?d"@b&n'a% é}%hcﬂé ofFHuﬂ@@s bPabout

hybridi ze to ngél and reach into the tar g nucl el ¢c_aci d adj acent to
t he ada BtOBP 'q @8&%‘?% CHFLFHEIM YEe F“E%/C'??P'“E mateiiak Peptingesd Being Hee's ar get
nucl ei angoe chagdplacmnductdthahiesatap501000Tm soreddeparatef! by heintiler evi2rifbld saater of

the a”%?%; epgi?%Qa&d}{g%ate}%I fs%ﬁr@rtepf‘a‘t'&jcﬁh&(d%%lﬁn@%# %]ao%mghﬁaté?ﬁﬁa ﬁdn%'briﬂtfngt he

base to oser to't tion point | ow n elity
of the Nepgigbtaingd Bavings YeNalpge @uMpey 0{;%@75&?" p?ﬁtsgagegr"rtm@a%a@ ”p%%ﬂ?é@e%’f h

hi gher depddittg @myiudidotitidsenr pthebBGlodidal (ppadife olidopetioss) DRIARAtaNdfs)tod ciditical egi ons
of the t éggn%s s&cﬁlaglsﬁ;ang‘%tg vér%u!@én%@ }ongsy Ir?‘!)r% %}Xb%d{m%haﬁggla?s%]:belttgg sTLLs(gg l l:ty
of Ilgase ecrea wth d awa

or der tauoatﬁermewﬂseoraw/emsItphwemotlé?sfQsp@edbtelog@lPmmrcehqompa@nds d@tfﬁeiaween a

Sequencnlygpobts elated Bl ett:hlﬁg indy BEontHdet Qith maiblto bd d&pagitebemsts affid cut & thgrL&gai n

the d bet cl de to be det d t I t t
of t he TRELEHETRY e Aeredn e IoB bistidh S e ShoypehE e shebfion P HERER, oach
i nt o t Hee tiregugfete afthel ceies, thies aliminatieg the deddifenetaningt Ihdothicgsesethe samasuppert meyl

whil e shddde @L&%mta.aﬁ§ﬂ|@a.ome@mrfor%a . Iueegée%aaeéu @s%erﬁtago each
adaptor to be jd

2009107’@@%‘85&‘%‘/"%‘?@6@ (?Qét‘?ﬁti ré‘f?ﬁ%&'f"?r%rﬁl"g‘? 3! @FF‘%J? 8@”'%""'&] 39'6598 YR one in
whi ch tdpertwe(noentaling 1)pr Skenpinglor piititing ®ols thatiperogh ective natehiel dr aligyedclanticd ei c
aci d O%B%DE'&? bQLsédh?g@qg% %rol’dcﬁetren%l‘glon&%oﬁ&g r?gﬁ lﬁtre éavre%]aattﬁ gbl@@&rss in

whi ch e sequenC|n? zes oOn her SI a tor are
al so erfEBHPRREEF PR 'P'H%g ‘?frﬁh\Fe?'i'f‘i hsRd tq #popf Y08 npy This fype P%G%E‘é'ﬁ?@eé”ay may
degenerDaBE/%gopsagle and "B" represents nucféoti des of undet er ni ned sequence. As
wi |l be appreciated, in sone enbodi nents, rather than degenerate bases,
uni versal bases nmay be used. [0256] Anchor probes of the invention may

conprise any sequence that allows the anchor probe to hybridize to a DNB,



noderate and | ow stringency conditions; see for exanple Maniatis et al.,
Mol ecul ar Cd oning: A Laboratory Manual, 2d Edition, 1989, and Short

Pr ot ocol sWDrR0M1762381 ar Bi ol ogy, ed. Ausubel, et al, whi ®RTAISBEBEHRY 56 WO
20091076238PCT/ US2008/ 085741 i ncor porated by reference. Stringent

condi t iRsrisediiopatiasljoehtoelOf differeaePiA aerdlafiprisi subfeastifferent sgitrce] PNAY i Theslemmay

Ci I CUMBJcaRESRY pal-ré]lé%émwmghﬂyw iutielh z&tmlnb DR sh¥cifttanBh @6 tags.

te erature An ext ensi ve ri d| Zatl on Of a.Cl dS | S
o TR PR B SrReh O hm ae b PTG SRR e BN srg g2
Hybr i diteags lyra eambmafiducif &i6colacs atd Bsiod &6 ligatideyries ewneﬂlgqmlpn peieFngd 6 dkcoding

hybri dizatd ehis a8 of i r@tarrrﬁkgg)éfﬂaéntmﬂﬁlhgd iffofmttioh ésgsaa)@nall GBS eycfeeneral 'y,
stringent conditions are selected to be about 5-1I0C | ower than the thernal

mel ti ng’e‘i}HF‘F]Per("i*‘ﬂTe’fth“StF?‘i‘é"'%’f!?e’E‘PrF|’Eorg‘éh%‘é’ﬁ&@/c@tor RO PIRRRE SYURCE st rengt h
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argot TELEr o RRSARbRL *"ggbeg@%di"%aﬁ%n%%? sihii B0 9208 WA BRIRRL LY,
sequendé%d“étfoé feymase@Rtbeian 8exie #atern g SmMmy 6muarEsys ‘t’tr?@‘"bP'EBé’%md%Ofo%@HH” &d at
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t enper dpigremetespitgh. HediarhobibeurthadGaface or gitysical bprrr@@e@ay(oe uged te @reventHixing

nucl eotdirftest reaag,ngbet\b\,@@ﬁ;mtapgygt 60C for long probes (e.g. greater than 50

| t St hi th,.t [y
of her 2L SRR B R Arht Bl S PP A TR A 51 RSP g iorming "
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known i GzisP%%ﬁ be éd@r&gfgdt 4 Wfae r%@%ﬁdelnklpé%' AONBIBRY/S n'ﬁab,{lc B&d asterbsk ther
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I nvent ' HbodifdentM! alch ngcrgtgpé encn"?%/ecgmtp%%téromﬁt 184 t?d?:?!)(fbga%% &]t%ﬁ’o

enconpass |g%nt| enerate from suc nuc el c acid

t enpl ata@8ut 34do %@gg?qob%@mrfé)rt@??f)ut pe8lrut 'i° aapNf 569, abeiy R Habry! 498 3P ke own

in the aabiit 380,chbl@B0 itd L0t Jver /idmbbi®ion @ sWs01 WoGncdzuEs.t enpl at es of the |

i nventi \Y t m_NiL N . ast

abour 10225h g B SRk S Rlel o oL 8 bRy AT el ks o

enbodi ratieeg 0.3 hel, greSeht?, 5ﬁMEMKMWmommeﬁﬂﬁﬁﬁﬁh%WHGU@mWGERdeternining at

| east about 20 to about 180, about 30 to about 160, about 40 to about 140,

about 591 Metrdlae vt usikgponsbout 60 to about 100, and about 70 to about 80

bases in target nucleic acids. In still further enbodi nents, sequencing

met hodq40227¢ QNRsdndde accheditg byheahetha@msiesdibedldhovd &ffer 20 advAbtag S idmntifjing e bases

ad] ace%qtiieq)]cég]ﬁfa? et p?ﬁé"c fcrbgsbe%%us%mo%gﬁgtcgﬁtafn@%ﬁéﬁ&@h@ &O\%ﬁ rﬁ?&fmh%rﬁ of
An

the invention e sequenci ng escrib herei n and
known iS9Y9hee @P‘ta”@é’tﬁp%'é' %‘ﬁﬁ?'i"’@d’”tj 6eqﬁ’ﬁﬂ‘feé13£e"a@?‘d’”t"‘é‘ﬁﬁP%[f‘%%edéﬁ%/"éﬂthoﬁNBs of

t he i nugintiigamciion aBdéddliér@ing@robe® Metbbdiof uaed maﬁﬁpb@tmcmmtm podBs di sposed
on a s i 0 pect
the pr grg\)éaﬁt?o%llr%\r}%/ﬁ?%%denm an% e%%ti hé%‘c% ue§ Fa#e?@ﬁ'cle[icsagc%ék ééde%]cﬁn%\l by
usi ng d@ﬁﬁv'ﬁ%t@ﬁgetr%QWC%Se(qaemF'ﬁgg@ﬁ@ a@ﬁ’@h‘é?nt'ﬁlml?@é Otfﬂﬁéﬁtct"ﬁq/%ﬁ"ﬁ’&il Tlee ft‘@ihOdS

adj acerHesmgcu Bd16in @hn @AsdNRsad &b caefee:t ﬁuc@&ta@@,reeuﬁu@énhehtsmhd PP verdkl @Rath. a
Ilgase are gener at referred to

oo TN R B, S gt ah SR R 4 P o BB Pregigms athods
of the mRMemesemmmaadm@éarmmtm Qf ¢hei rombpir & dersific seaeness OF grgurs o seryleeceanchor

probe and samsé,Rah fisS saa&sﬁurggeooms%ehe M&s@&r.bg@ﬁé}aﬂmmumw Fhafity¥or e
si ngl e anchor probe is used are ref Qébgl&here nas " PAL' [0263]

One entfGEFTRERMSEN 1§ FiFRGIeE I BRptining ﬁeﬂll"iﬁ‘g?sr S 'hw'ifP%%Rpée"%edq?@t S6R%Yi ¢ uni t
2301 ofcoacabiMizric ongieic swdsconsttaisgpemprinig iapto@aay aB8®O usettdn de eadhagitnents 2308. An
anchor RLoRey ﬁ?’f@,g_ hybridizes to a conplenmentary region on adaptor 2308. In
the exanple i1llustrated in Figure 23, anchor probe 2302 hybridizes to the
adaptor region directly adjacent to target nucleic acid 2309, although, as
i s di scussedvilA. Overview of cPAL sequencing
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57 WD 20091076238PCT/ US2008/ 085741 further herein, anchor probes can al so
be designed to reach into the target nucleic acid adjacent to an adaptor by
i ncor por WPV 76381 r ed nunber of degenerate bases at tRETS2MBMART4Df t he
anchor probe. A pool of differentially |abel ed sequencing probes 2306 w ||
hybr i dilf228] Geguenskeefdtittaraye gangladiniderdified inecqortages witlibe pleeeratventionusimguenci ng
probe Z3kkbdk Rebrrdddd hérbih 28 SohindtdiRl sreweH é?f&h&fllgét@ﬁ g‘glf’ALnPéhHe/bﬁat@ﬁd tﬂ%raéi‘]?z%

robe torma

dj h ted t
o obe. HegiPr SR dani: @ druiy ey Ur Ao B SRt PESERAF |
I ncr eadadetwingpic bitie bpaatectingia prode ligatien prodrat foomedprydigatioo nf afleastme @ndiveproke
conpl er’fﬁé}m%rbélztaé)to ah%r MMQWQd% %nd Qséq}ﬁ@néﬂ%tp‘?&)te'tﬁ%{? c&@ﬁhéé ﬁﬁ?tlc%far thz?eoﬁc?eraget

nucl ei ¢ aci d hi s Increase ficiency favors ligation o erfectl

conpl er?@nt”?frﬁ?g%% pesier Hbatﬁ%‘t?@%”dtséo @r?c%(&'rhyi’j’fd&ﬁé@t eCH‘?"sﬁ‘?é{‘)% 1é"@quencu ng
pr obes.sedgending probs eshtisamenjquk idgatiyionlabe. (fereuakdtide acthe mprogdtied position is
enzymtdg&?l‘el’n\éntg 't(glgle %uélécﬂi?ﬁgt tﬂ@a&ecﬂgrh |t|l)h gi?étloﬁ@arﬁ@écnr()g%ul n Qlll%ﬁ’lope

utiliz n accordance W e |nven ure resents a
degenerRiciragingg e g @Bﬁ'éﬂé‘@ﬁt'%th%‘éqt%c&di {escripfons efidfiupntienePliquence. As
W | | benmopinests af AL nhélhcaie AR Roinzd ibeent & wnlrb%taipﬁrrec.btlaafhadmgeﬂw\ma@ 8eoRsions

uni Versal ‘?‘nsegnt tgrggllmlﬁng an %&f\t [/ar ?orls of e?ollowm emﬁu mens re enco E\sbse %égmeenm ng
probes Lan’ e representing a specific

posi ti mnesantdnwealb@l ed Wi t h a det ect abl e | abel t hat d| ffer entl ates each

Sequfnc{UﬂE] pb%@eﬁé@ﬁyt@esuﬁﬁgh{@%dﬂﬁ)ldﬁ{eﬁﬁ référ& R) tﬁé F%Fldlﬂé!i@h 8dsé BsiriRfort hat
poSi t i

b
D930 1 B omulph of e E pPtiRaTp Reldet 3 Atk asisn 88 BriRen PPN BY heoo
anchor speudsef adbublé-gandedBNA melepdser batwean pmsllgpnmieotlde priver e yerimen tbmldleg c

aci d 5 fases sh IQJQreSrEl@d ARG Qd. berr%len@ntarM'cl‘ébtPj'e@ar%}’&én@%llP% afi\B('?r"QerA Mahe and
sequenci ng pron\P%érl di zatl on and | gation can be used ent i

desi r e \RB& Eabagied g ‘iré}"@él‘ FrYtEP arecakide Be BLFPSE’QEBHV 5?%3'6?”¥3ééch

adapt orwhen tte ridblBotide © 2 sbﬁ@dv\mdtlfnah),eallglmmrwd icahpadted dnglwithcipgrapriatnuefeotidee

anchor iplARk, AMRILdR, GRAUIADEIAY AR ngﬁmeF @?Hfragu i aQbasthtBil d@ngous i n

any o CPAL t ho escri erein enb

il ust raé’P@(?5%na’M yan éb°2‘398°/s@cﬁ?é\‘fc1loﬁé probe 2310 hybri d| zes to a region
"upst r gezdo] s Ltsb@haaaphwudlzétmmm@rs tb theWirddes g waRp v Cdirgfieedrahdiat posadiianadsn g

pr obes br%y oﬁlcg rﬁlemﬁpttrolfcﬂln a st?%eoggfﬁ e sﬁ%e%%&gﬁt%%gﬁc%a%ghesumgg (p%l%EI%%8UHQSt reant

and "downstrea ) ependi ng
on t he sypndedralyusteotide ig ﬁ@YQ'WsPéﬁPp'Ph domedizgtion cqndigense withtyriealy inelesirrsek r eant

are rel@hdey@atloRE Bﬁes@mﬁianaalbeutﬂm mBRABLally RsB hah bBddt EOEMMIAl RRY b REY thak 8bdis ed

f of ., As illustrat i

607 cartORgH TR e R ool o B heP, R ek T
bases ama\yn nrtienart. Hebiidizadied wopebirasean be heloadapt® butareltyplalygsratpethan@eiCei ¢
aci d 603q njof t@blééllb?i‘eaf‘emﬂgrﬁié%%@c SRR |ngd%599f€3$ & iy HhYiBAtoRd Z€ LB

upstream and downstream of the adaptor to identi f}/ nucleotj des at positions

in t he AROYMER UNAEPHNEN BUEHOS: eCoBYARUNSIHPLDR Proga ! NepsEgite i Yeal | ow

gener atsubseqodéncabbttwilphat hypoidiaé ® tbd ottlert WCbmplnme&lmhse@dapbsrSthMQEnHa)odjltlons are

hybri d's%aﬁ n@é‘dédegé’én& %éjgﬁﬁ htc?rmdlﬁé/rglllt%lrﬁjfmsbmgess'FBQ%QQ%PAEn %&ntirﬁ%ﬁ” I'n
ave from about 3

sone enbodé pr obes usg% in a sin

t o abougdauwre hlSQ%ré‘é!br@dﬁaP%hfﬁfﬁﬂ?i?tH@Sf% Sa‘?’f'f'ééé?ﬂdtﬁ?‘t'%ﬁ'&?”fsth@ﬁfr%ﬂﬁ‘&ﬂj”fs Psfenfseigls 20
degenermdyaafbasi@sstirigesty of hymnazapmlmwfdm@mafwrrorrmbﬁmd lshythlof e chaplepéirgs may
al so i i I S rate and

uni ver rs1$ %FH%a%rg&ngf%%g?fg%ﬁgms 2 }rﬁg %tegt E és)s%ﬂﬁ#h?%ptrhgbg%%@ﬁ i(illegener at ed
bases rRa{AMeRIRISAIHRIMPRUE s fhigtabpride Wiepsire fprene Rarndier alpnaptererakquence to

I ncr eas@ingbi coidmidhd ark Xelddted tlbk aB&It 61T BYbY thaH tE@-'ﬂ',ln Rhthalspddie sd@&aaeétatd@ﬁhed

b S ' ddi.t t t f
PheCTi daieRuin) AL Bl itens M S SpfediBerples Tl B g’ ©
per f ectmhgre that dMedditio ignronteatrgfion (¢rotilenealinyt asdtef@hew 7 .Oltpalfayt 8 Bend anbodi nent s,
a nunbggmedratb@SEst 1b43t 2€. ﬁl&gﬁaﬁmatc%mmwn&bp& S?éPEtd?@o mmm BhP SRS VO

e ﬁ“&%zwiw? AT B D YA 8P ) e LR oA o B e S ot el Sl BiS L o

i nf | uerhybridiatiorst &bitHer exangplestohstrifebir dodditiand aperveddidndven ih aheoart, sdecforf axbinpleat ch

hybrid gfndag Qi §It(§b01§,%1&,fulap BRnAIG IENBEASY MafL) gsfrd EE‘%&&‘%E‘M HArpe t hat
wll participate in the ligation Teactions with the sequenci g probes, as

descrl B@Elorﬂ@Fyé’r?Ps Such rmdl fications may be incorporated, for example, at

interior base
DB2/20900556 r




particularly for anchor probes that conprise a |large nunber (i.e., greater
than 5) of degenerated bases. In addition, sone of the degenerated or

uni ver salwpased76238t he di stal end of the anchor probe mMR¢TAB2H89BFAEd t 0 be
cl eavabl e after hybridization (for exanple by incorporation of a uracil) to
gener atl82H] |Asgred bereis| thetetny “Tirhaenseatjvieefres iedheptemberatyre at whigh Saitdifte Renelaion
probe, RgoRSfhhdRhubibic biigmoReligybechBed@isotibted tHid Q@’Ie aixhed rl'ﬂ@éﬂu%tlor{f&e

hybr i dlégtl on of s can _be control mani pul.ation

I
of *t he FEuETRRE ThAmERGASes Puft &l d e e R ER R PR L TOR 1
an exersslimaty othb delvatennay tehmicalate oy theyeanation Ziat 3805+ - &log SHNaR)P 4 (65t CI t h

condi tig88.-10m, lingha ﬁEélél@Q&cPQYn e(q*ﬂlacgﬂ%[)lu&cﬁ]rﬂ%%&[séﬁbﬁ corlc@m?artuor%adfb’s NRicPREL triH,
hi gher concentration hese conditions, may

beqr adGaF] s ' PORTSIs Weain oty Suriey o e el BnbE B brgs f base par
hybr i dlrmahatdres@;aelm Sambvdok dlet ali (RO, emdlequianConiog, Adrabbatorpvaies (3ad Bd.r estdved

and th ge 0%,.630,1 Lgbérggﬁﬂﬂi;ls%?Co@%ﬁéﬁ%ncéqﬁagmd?ﬁg%hg c%Ye'dcégmBUtgﬂ Q%\rhlch take

per cent tar get occupi e conpl enent ary
anchor SHHEWaLs 84 ee peayeate parapeyes 'ﬁ‘ioc?ﬁ‘é%l”H@frtf‘%eﬁt'<rlsﬁt'efb?!ﬂ¥né?ﬁér?ﬂsgr Ayndggson
posi ti amg Yating (he85)i CRiadditat® Giltk Nayibrivikdtion P@icleicaicad blidizdiibe a6@flananag probe.

Hybri di { ,eac ney condition nmay also be controlled to
obtain Szarnelle'l Ce'ar&%%bgwhemfs% (%lidér%gt%c)n hybrids. VIIB(ii). Double cPAL (and

beyond)[o{iﬁ? 70Pnqg exagple|of a £itils method miercdrie hersin as fringisrePdenes livgiatedinnioye 8% des
CPAL nmefnbes srodt QfBOZZHyBl@Hjlie\Mb 4 LV RknBRLRGHN Blﬁ Qcha%ﬁar QﬁDSQi(ﬂfe)DNB 2301. Anchor

hybri di zat t nt I t
A e e e Sy e B e A
her eby cesqsr @wbpnprebes oarpls desigdeddy “reedhenteiibe target timésiia acsittyiinetppratiagial desired

espeCI Qfluh%ertc;?@e@ﬁ@m t%%esaé?%e%rﬁhrm% of ﬁ!a thrh%r ;?rébé hd H%Eﬁeﬂiaﬁ@an?nus@?é%@m Eig @t a
"doubl e cPAL' pr obe a second anchor

probe pisiVon H%F"P‘?fﬁ fﬁréhef Be'%%n‘bP?%ﬁfrﬁ'fEFf ?‘“?'E{d?bﬁﬁg Ssqueaﬂngaﬂa?fégﬁ% FREYPIdEe 14 he
first aoncmbemepngybegidnglof ihditazgs nudeid fudd, bnd sdquamigq»robss thet lyhddizehmeljas et tond
anchor t

T ust raggsrgg%roﬂé(%rle ﬁéa%&ﬁtgfro?mtafb‘??n%?g&mﬂ ﬁgoﬂg@ L%Lau Fjggpn%&.oh 'af ﬁg@gphg

conpl erfAYEAFYI Per%S g %g‘?’@f?”bﬁetﬁ ﬁ@%@&b@'@?n%mt@e@ CerBpPrising dwo @ﬂﬁ@k%ffer%’ltt e), and
t he seafbdotaBE frake |ﬁireﬁb®t|8r5ﬂfs|tlbﬁ 200 eh aMpedsdleybabes (bheurmiaq@t Ise) £ GeQther

2‘2{: g‘ﬁgnptoac%nst tﬂ&s Xl%r grgres%%tspgéq IIEIasgftypgf 3 gpgaall}lé; ross tloﬁnanC e89en%l%§ggotoes are

adj acerigbelegd@gty f]detﬁﬁ@bls é?@é'ﬁh?t étffeWﬁfﬂatﬁr%‘ﬁf@SQﬂH?nC@}QtHmeéﬂowh%ﬁiegéeWﬁqub%s

deggnervatth%tﬁtéaﬁwqo?des_tajhzlaatth@gmrgumug {’k@-ﬁe leanif il@Hhe ﬁﬂi.gdr@zé {é%e(ﬁde"n&ﬁg aes@gr
robe at .. W ridl ze 1.0Nn r C, acl
D05 ac A h Bbdides Spte beapator $ipt B AE 8R8 kn b S PliF a ME et g

gener athade ftarpositiergis thertargbtaiucleigerid Sthasssdrofmahe ddaptoaasny “G'r Higute¥8 depicts a

adapt Ors/tﬁaﬁlf)gﬁlheﬂe rﬂe@ﬁtfe@&g%tlorﬁ%é 5 b%§esqm‘rl)|'n nedighfhahd bumefﬁbr@ftm\'j 9&%”5(9% sai d
to have enerate bases", it neans that the gr obe actual é% nprises a

set of 9 P&’bg‘é '”twoﬁﬁ“oﬁlbﬁs%%?é‘éfsﬁlbé ‘é‘b"ﬁbﬂ%‘ﬁﬂ%‘l@” fe. AdudtRees att”??e"o'”t of

degenerlightenpOsietiigaiad nok-tgateeixaniplr end sdquentingpedbes apmableed ava®, dnd srespréseng ofi t h

6 kno ally a
V‘ﬂhé’@%ﬁ‘ FE&HJCE({H tgée%rfa?/_r Méc?éd%s%%%ﬁﬁbe‘i h\ﬁm@;{;eg&{a%s Bf £Ror o ﬁab@‘éh& y

pool of 6 e second anc ener al too short to
be nai r?P%‘u'erﬁ‘é'ﬂg BB BYDridiz3tios agd igRiish Ry Be P%ﬁdztatdiebtﬁy 3 flogirgd ”lHURerprQ?ﬁeq ¥ g%®tion to
t he fi raiyetanclbioacipbobshisidelodédth adagt@ng€ DNBN Elsrdizptiodle tHeldthor robé adad the f Or

Sbout *EusrERG BBOEmay P bRy SERRUIAERI oS dR T B L35 AR frBl 28n 0RS
conpl erfefidglity ot the tigase. adiphrogperallyvilbite igatest theredgp liismash [slesels thsfliggicheier at e
Sequenqez33f~ST|€B (§64HEIRGNBEINS ﬁr&fde% ARtho8s RAHREHGRAST mdTe b Er prébeB @R usell in

508 t h b det ti ) iti
o T PR R R kAt e e o s 2o BB RR AR ol PErPl sl a EE PR ' O
di f f er exveihang srethad i whidueigianghop probe2302@nt alsecose gurbncirplee 306 bach hypridicede her
nucl eotdoﬁl@ﬁne%ﬁar& }@gronp&santau@&orl $ thybfdmezmﬂgé@% Ftlgﬂjré fse ttQQ@@BQJho?&SMSOQr obe

dupl ex an ted anchor
o1 bbes. LY GonEkiaRpI @ oS (FSPh &1 B aSae gL ADBS seonEd SRS Pobes ar e
desi gne:dnmtemlentaertm agaioad ddeptdp ag@ntabjatent ® thé hybrigingiph pasiten bf the)flrsltehnehdn gation

poi nt - hetypean, %né&ﬁHW&H&%lsBrc%gns%g’314gfeﬂ5'r‘3t c}%@eédt%ttgrﬂb R0 AP n9{a‘3}é€§nt2513

Since the secon ive ener at ases at I1ts end,
it readhds M5t gahieProke: d*staﬁésuﬂtatf‘ﬁéﬁc"?ﬁﬁ?c@?rcpr%?&'ﬁa%tfi‘ybréileeé‘?/\i’ Fgion of the
mterro}g%olocojsrslmwth t he sequenci ng probé at a full 10 bases fromthe

i nterface between the target nucleic acid 2512 and the adaptor 2511. In
Figure 25, "N' represents a degenerate base and "B" represents nucl eoti des

of undeterm ned sequence. As will be appreciated, |n sone enbodi nments,

o o —



60 WO 2009/ 076238PCT/ US2008/ 085741 steps of the cPAL process. The second
fully degenerate anchor probe may in sone enbodi nents be fromabout 5 to
about 20 WaBW/A7M3Bengt h. For | onger lengths (i.e., aboPETAB2WEHBTH]
alterations to hybridization and ligation conditions nmay be introduced to
| ower ttargeteugleie Bfig 85 TRradistent keadgelige?dl! dihe ‘radaey’ Ppitiohe Thergpsordancha prabedsond
anchor Jah&h t¥é HortGehEhaihlahePhiBRL |H<R§1déi:m§&1y5ﬂ|o¢z%l drystate btuﬁlﬁpg)ﬂﬁl Ak tah&rirgci d
and adaptors n Kinpetics

t hor t brid
e’ e eng ey 3 ahp e Bk A e LR e e, S
conpl erdactssey abaye fa dfied piggla dp ALC erethoti o mdméofadawhongspram 25b&thit regreseatsodaoh

probes il fyp @Qtvaedert&ﬁorﬁ;o@ﬂ%rl bilte t'é@eﬁlu'cl@?é’at:t}%né |a99§@wﬁrpa Jjé?écﬁbbﬁehgbécl et and
second anchor $)ro es, 8enerat| n at ed anch ortﬁéro e construct.

Non- spetifersniafp ?/acﬁfﬁ‘}‘ie ?'%Ho%eef?g'h@e Eipial) ‘fqngp?’%tlfgé" LIhEr HGIECEY At thafgosition

st abi | iig lybridizeceasad to thy bdaptbir-zaedhot @ottevipBRBnd Hga@demmagdnmmel 5 oi® egpeadfithey be
erbou; HaARa BTN B WAGRA 2RSS P ALORER ekl BTEsrecty

unI i gat'@aff%a%t?ﬁm base (‘J’t?g§ fiyig pasitipes ' @hihe igption, R PRivepy thy seRSACIRG rEpPe 4544 Fidyur e
26, "N'the @afee&emos prabéb%emesmeeth@e@enmmonrob@woes'namnsa d’eg@dee@é b&es atafs

undet eréﬂ noeq r s%ve 8ases mthhe larqe?B cﬁ)er‘)craecclzol é%tig a’IIowm%ln% rB%ailgT w(?h {ﬁ?sequencmg f her

t han degenéra
exenpl qubeamwltwgs ffqnh@eﬂﬂtf?@t?e W?ﬁﬂth%iﬁméﬂweﬂq aCHé5é2 Mbmap@o%‘rh si ng

3 basego£mh C4MRBSRIY the gbédaejega.a@d &(arr@rée offa SRBRNEABHRIHIASARe firdRAERABrdbE e
enerate bases st _and

d d the f
Second Gt Bhgeme IOl RE ey e SR Eb ror ML e forekly o ot
anchor q@g@t@@twmdtherhferedm@kmem@@tdmgfestlamolnlot dnilyjmete to the eheofdeciosichdapiorhor

probe. dr(gbefb‘df élﬂﬁtﬁ I@éf@%tt@?&’ec‘%ﬂ@%p@ﬁ%ﬁes étlﬂﬁjltlt)fersﬁés cﬁHQﬁJ‘QNBpﬁ'@ vén?s@ﬂ 8- mer
COITprl sl n ases conp | enent ar to an ada tor and enera bases and

agai n t"ﬂ%‘%ﬁaFtE"’l"t aihg SE@@SﬁEFhahQ,‘H g B%%%ecéh‘eé‘/ ?fé‘éﬁ%ﬂw‘@&” EH"tgﬁ%&” BAMF t he
end of anhierpiobs br tamGhquengingfrebar $uth bttvatibegetedabe deasiesd inflrthet degitbeloivo t he
second

cmbod gt age RefRd subh ot pilenth ARRAGIENTRI Mo bfo e N RLBL b o1
bases c&I¢ pHsalpsety PR P?H'é“'éf@é‘f"@’rﬁ PES’Pe BOYERURTISIBY PIOPS i Spidlics BEFiFataiAhUt rAsPSeine
enbodi meMesidédier. t hi rd and/or fourth) anchor probes. [0276] In variations of
the abqy AL chor
probe ﬁer n'? ﬁ%ﬁaasr po?ﬂogéjr%ﬁqjcg%? rﬁnéaqhéjﬁgggcﬂg%(ﬁeb%gég\g V\p@;re a%g ﬁg'aéegé%ﬁf an@%{g(fdgpr obe
wi || beitifringgyee Ponee enshonppeesteg@peseeepaied 'Pmté? efegent inggntibn.have a greater

pot ent i[ad36] Qn B&itiod rﬂe)ﬁuédcggfr@cﬁdhs thebedshe af odelte bbth bbthe RAGIAT emgptbub gal so

praob t | t T
br eventMCaHeT G SR arE P ADECoe1DIRL a8 S hel P REHBI g BHeg 'Genraper Tk
sel ect ioftelr yr the teavt@ne dart ke “bidigeeyenal” i Whigheltasemare detacted atsletegiimmhrositigns Sbanddy ot 0 a

sequen%@gdaefopb@d.re%m| s%a&én\éﬁ%; kQBtidnB hetBuSh@ahdi8l ¥ i BOGEY bRBoth BEed &' M Ni
of the anchor probes such th they are able to Iquate only to a particul ar

anchor 7 d58lopere dalghier el thgySamediee 7 o s5aysarally AP 9SFi ent ation with respect
t o t he [a2BApt\uitipldaycleeafafpl éyvheBler single, 3iouqzj¢1¢rm‘laitce wijlridanpiy nmﬂlplehﬁesesnlh theduced
to the r§&fr§rb‘#th@gaﬁ$& nu&élf’?&d adAéJent tb E% a'Ej§p°t HTP@F th%f&ﬁAmg{hB %Q&jf spnchor

pr obe wou irst anc

hybri di InterPIR e "Hﬂ'aﬁtaehace%mseﬁ Wﬁh'@: é&ﬁﬁﬂ ”%ﬁ‘ﬁi%%ﬁ'd by ¥eig 2nLar Efo%*ﬂybb‘?ézaéﬁ'l‘ e to
|'i gat e dno era@atiolidagdn oo steb@an&ng piads padisdepianairb detgttalaehtidediatabryingul d
preven i I are

i gat ed)oglpﬁér}(%%vééﬁlf grgglﬁe |ﬁ%ﬁac§g§§\% Eﬁé\ﬁ%ﬁt& angga(}jg& RIS ac?(pquré/t \gf‘ﬁl%gée

renovi rie $eqeerming prabsp used @rqgtasigped Fush tf@ktaﬁﬂleetltw\pftqﬁe fmmg@ lof/pAses elone deMRienase
or phospbiaéRsLsonslel \Aﬁtﬁ trehddnbip oatlhlsedbbmwiae&pthatsmnan@p@aé fOrﬂo@ttt%STgbt@QJ

phosphat ase esit ed t hat 0 n the 3
nd-or PRETae bREF Ghe hers esBedi rE e B e AR oot B IR dsPBsE.

t he fi risstrigpedlatof the BB apda nbe cyhiesif griantorand sesuemirgi pirebechy brislidationdnd digdtion \sl at ed
on its SnqeRd and the second anchor probe can be designed and/or nodified
to have _no. 5 phar tion. ai n, the second anchor be woul d
be abi AR Prsgl o prstee s Shds S Rise (e ke Uit ROF oo PenameBegoid anchor
pr obes.adfiobr owhengP AL ingedtiode Hesafibediabode, insitidiagathareequetciagiphligatiqprmodilesis aawsll 61
WO 200 $|2(%Qﬁ u the free
termi n%%(?)@zgﬁgg@econ aélglﬁ%%%r“@ﬁ&ﬁ ?’?%‘gg%ﬁg&l yhpﬁrgj %g&ig&qe%g #

pol ynucl eoti de kinase) to make it avallable for ligation to sequencing

probes in subsequent steps of the cPAL brocess
DB2/20900556.1



[0278] In sone enbodi nents, the two anchor probes are applied to the DNBs
simul taneously. In sone enbodi nents, the two anchor probes are applied to

t he DNBs WOqueM7623B| y, al | owi ng one of the anchor probe®@CTASRYIBIOBIHEe t O
the DNBs before the other. In sone enbodi nents, the two anchor probes are

| i gat ecbyntbesisdingluding eequpedingriy primer exéarsine). etdiped eequiercing Rydigatignobcleayable
sequenqu(ﬂﬁsmnglp@“kén sone enbodi nents, the anchor probes and t he sequencing

b t nbodi t
Pt obes 15t (PG slate B S6Redbote SR RS Brcpirgheceg] et 8ot on
adapt orseqamcézen d ésgeg nedeit acihinelidieg defgtiios besvidld tuglepiplepalymbmhiams (SNAsdsint i on
until albn hBHES, quggr%g dhes Eh‘é(p\Nlﬁ-HﬁJ?lgfze W%‘ﬁ:ul@pgeqhaﬁzess%gﬁ‘gygk&ﬂer&%Obe) ar €

in place for ligation. For exanple, a second anch Fro e corrtg Si n%

bases CORPIEHE rV'”tbS appligd. aﬁ‘éCStSSﬁ?”e&ﬁ'ag Podee CGBQEH@?@ t@lly,ighgled fp gpentify hich
hybr i disngt is preséro irt thetargegh@ieicdcidt Aacicap@eds canalseibe used iol cahigetiomivittt Such he

adapt org, obe may have sufficient

stabili t§%Clp§p8§g&qﬁtp§yﬁgdﬁtyméfsﬁﬁpgvs%g r‘i'é’ ncy washing, and thus a ligation

step woul d not be necessary between the steps of hybridization of the

second ancho?/Befedyendidl hybri di zation of a sequencing probe. In the

subsequent ligation of the sequencing probe to the second anchor probe, the

second [620hdn o asEpect\wbel bresemk merinen brogjédsadethals fdrédehiifyisg semnetves ofdNEsy

resul ti X i V4 pr

pr obes LIca)?z"{ (rag eglée?\]glﬁégy I'g\% @gétg one. %@%%&f ”%I ptré(ﬁegt Wen@d?ypr&; h]%g%g%%L met hod

descri b‘&!‘“%ﬂ!?&\?‘él“ei“ies P’P‘B%@atdﬁbﬁe@c‘ioﬁlb@atof'ﬂéfo%PMOWQPPP’I(HP‘&% m§thofor e anchor

Er otd)es_a;@eaah)s ePRNRASERSERyRY a hil@edif€stenistdcidngdbitienin aBgdt nacicibadid Py obe;'s1 can
e desi [ er.ei in the

art o fae ] yARRERARE Sl TR} RS SR ShF e RS oot BB, T " O

t he and¥rifodspbibe sverdion gail healised tofseruanieya perien erdhesstigsraiange pirterbiargehusteicdi zed

adj acenidtednthingd hHaroNB)ahd @QWBsﬂﬁﬁb@preéeﬂt AForin Bl &laygepsthedi nent , three

arenor dEADGS e B BT . b BN PR aBe 6 EanEh Ky tag%%%é@'ﬁsaﬁ%%ﬁ“enées

sequenc®i coinprising obédrer e gedptatsiaide tergatiudleiclanida Theltatdebnuceirzodi comntisesene  of

the twe, @A & rd%tegtf?)mél)ﬁtm%gt PrVtelnp dé@%ﬁ rbs%nvwe#é?s TR at J&@.t.@ﬂ.ﬁ@tté}getr;@a(ueﬁé&fer
conprise one or npre degenerate base | owi n at anchor

probe t§" ‘ihéﬁﬁ??”f’%'f‘fﬁ’"f‘ﬁﬁ t4iegErd- rﬁ\aaw"'&e@pafeﬁateﬁ 8¥ thPf'eg'af'iec?r'it KR %M&“Q% rd
anchor qeqmimee hdsrmiltiplet dedactienestibmsefort véhicharequedite infoematioo iaeqyinedJerexamyle behé ul | y
or par t§e %nﬁggml'nﬁmg%ﬁ&xest& oteEl |b@tﬁjﬂé?%9rln%laﬁetc§&ssf8rc ﬂpéﬂﬂsﬁﬁbﬁaﬁ}/ Fn?hor

probes w enerate dization to t e target elc

aci d. FeRYrPestesimbledo f“ﬁ‘l rF%ﬂ EgEneNainea %arﬁrtCHBFarﬁ? obes can in further

emﬁpdl mezu2$ e pldsgattireent®a@ieidbs mkihydst o séduendiyy tt ulilizg atceshbiamh @f afzhebes to
| ev I t | ce.

ac }@é&?ﬁéée%ﬂ%gg p?o%Q§ é;P HL%E%.A &h Q?uée% Q%n.y}ﬁ%&rﬁ aﬁ ﬁq%hﬁ'?e%%&bt‘ﬁ&

I n an

conpl erﬁa?ﬁséﬁI?d tomr@/meawmrwry qfrﬁ‘yu@?qyé‘t‘ a a\/ﬁaftﬁu'af @&?B%P%Wfaﬂf@rt?@etam'ﬁ@r pr obe
i n whi chidalsbqsdn¥ind peess I@b@lﬂ&@@é\ﬁén@d\ﬂthlrﬁaﬁgbﬂ gedu@agéﬁe@, a AbSRq@nkiMy bivbe
degenerat secon urtper

Do e PR TE A R Bl a2 feochf Pl e Die oy BicPR ® Sodedud Hige
fifth, domatnh Theteyns Hirst tacget ganadied and{seadrsidarbet dauidie tiortararenatisaldqeivalents hareimer

into t hﬁea‘r\é‘hﬂﬂ%&hoﬁ@%ﬁ@@t sehiersé WltﬂunEHﬁélé?@écucﬁm&ﬂk Uﬁd& Sxachtibi Tﬂ@ﬁr@f dance
wth an of the cPA descri bed herei e anchor

pr obes ‘AHS d85‘ﬁﬁ9rm3§é’ecgﬁ%°”é5F‘%Wbtolt%f’%” ctprget d§6‘?\'7‘ or i f‘*?té‘a‘?S‘EOﬁB‘s Bihor probe
and/ or dodeimt infay bé h@apmd byculigervenirghsenugnce ber eigrple din adsghtdr. T hatermel ejpstbandof a
DNB. 62, M0h 2090 Z]@gﬁ)ﬁ d %9@4&5@@% s\élqug‘%leé g&h regb%tcﬂekﬂerzﬁg fo'ner%t RRCE ntiv

| abel ed sequenci ng pro es i scusse ove, sequenci probes used
i n accdhErebsagreetfvee ATSUMHPENt - ?’cﬂﬁ'e’ﬂfﬁtjP”IS’éthﬁé‘f"@@?'aﬂlt%‘fy f PEYeNt h a
wi de vané fbtytargét dombialntay balidchied githet Brao fhelsbeant Agmale e BitPpthe@Bedng dpmaifar i |y

di rect i t M

{1 uor optegy SEPEPRRLIEN Fendl, LD, it sy H0R] (1 L5 RRET AL Bl €8S EEciltehl
sequend? AR BRSOl evafariosiang acesrar sgqusagngofrolege hybrdirtodhfciBliPaass i t he
pr esentthé @mﬁusj dPthe abﬁka&ldor Mdntplemr%n@w@h@@r Qf)bé?l%lthr(e&\b&jeh@rétefbb%b e, doubl e,

triple, Alternaf egd l’lrsts fqu%ncmg ﬁrogu dr Iflbrldlzeats?ns ébas%shaedea}tclze I(;‘%&E lIJ,Pe{ am termlnget

nucl ei ¢ "aci acen € a Yors n'obrie Hods" are
repeated for |nterrogat|on of nultlple bases within a target nucleic acid
by cycling anchor probe hybridization and enzymatic ligation reactions with
sequenC|q%mBgobe pool s designed to det 88t nucl eoti des at varyi ng positions
renmoved fromthe interface between the adaptor and target nucleic acid. In
any given cycle, the sequencing probes used are designed such that the
identity of one or nore of bases at one or nore positions is correl ated



3' - F2- NNNNNNGp 3" - F3- NNNNNNCp 3" - F4- NNNNNNTp [ 0284] The "p" represents a
phosphate available for ligation and "N' represents degenerate bases. Fl-F4
repr esentWPa0®9/idv33Ber ent fl uorophores - each fl uorophor @CraISeMN898HdE0cCi at ed
with a particular base. This exenplary set of probes would all ow detection
of the dbareaddpinrect asesbyd sagpensivatrrabe camiybsdiegmiodie ipasas adiapgnt to fhegflowngiseam”
sequenqg,ﬂg]ugbpg}%dagtoan anchor probe hybridized to the adaptor. To the

ext ent d to ligate the ncing robe to the anchor
orobe. dPEe) iatiencd BrBe B8 Retedal AR oe y REPHOL PRt pesesapd ggeare

I nt er r oyeleotvin apospetifiolecalipon witldn fiepbebe dnguenhibe Betsaioapoditioe (aletrefetredie he@didsi on
of the Jangabgdibsb&itongci d, the fluorescent signal that would be detected

upon hybr| di zation and’| |eﬁat i on of the se(wenm n Frobe $row des the
i dent i t§P4 b ARNFASECR LT TEHECGEE BEPPHT® HB WhesHegt e iifePasat YELSHu M8l 't 2aci d.
[ 0285] drebesaneg tirsegliensTNSINANNS Btacbllysegtiefpoibeg ofitaeibe sl paskible compinatees dthr ee

differg ﬁ%i’o&] rlu)éle% :82:5&41 g@%g:]%gu ?H%g i 219 f§equ¥%c§a?) Wtn 20 %6E 1o RBLE RDEth pS&fBAENC Ng

pr obe unl a ormn
hybri dl(é%lf‘?t%hqf?'ga{'t"i? Eﬂ"fn'd‘ét)@’dﬁ ?'é%aRW?ﬂb&? to ?‘Pﬂ?t%ﬁ&%? g5 exenle dheRATA4R§Opr obe
| i gat i QoHernasltrks d@g"eaersteruap@edor&aﬁin@e neyagymy @ sétsof b@@w‘n probé&s (S)@ﬂiﬁsmg the

Eg_gggl g‘rag&e%be g‘(frr(%als‘lpro%ﬁjﬁ ?ﬂetgtla'l aeg]c or S|tQ a%rd nﬁt Is%%lecc%rr}]{)watlonsa pos(Forgf %%I {?@ap%olsof X

ation point anchor
2009103 2P8%PET/ US2008/ 085741 sequenci ng probes and as far as twelve bases

or nor go3459 mntsbﬁe le th@d ihaqs f&%bmﬁﬂérr&db@oﬁ @d’sﬂ@ﬁ féUd @‘ﬁ@ﬂeﬁtlyﬂ@béﬂad%gls thepad apt 0 r.
The nu nbe rret ho

Toecr RRbES Ao b I RAR RE SHEENGPS UFR R SR et et Ene Rl e ands
t hat arpeolableeused epdagith 4 diffdérérd specific basera theadntgredgationaioesition areliwith a[diffegsnt labetagi ng

acqui S'Jofr@é?)oﬂ@ﬁ/g tQ@ne%Eé Qtrtﬁ‘@ﬂteHéééﬁgn B@sﬁtﬂ@dﬁhe}fﬁomwd%mb ?ob% bre alsB%leMgélng the
use of comrerc packKkages such amrgtl% | ecul ar "Devi ces

n
Sunnyvd?t?'edék\ﬁh thﬁé’tpé‘”g%?'g%'te?t@ﬁ aﬁﬁﬁarﬂﬁ"%&t‘?f@ﬂﬁt@a PRY/tiop s yspeed it Rael es
wWr i t t erthatis, difeerent frofCtetabessrudl sdamsecirgalrdbien gritaa diffeeaichuniagtjtie agtheaymé tepegdtion ned

by a sefiifsh OFoMAGMAR, BRDboBE LA SEIdeRINNNANN-dye1, NNNTNN-dye2, NNNCNN-dye3 and
NNNGNN-dye4 in a single step, as long as the dyes are optically resolvable. In some embodiments, for
example for SNP detection, it may only be necessary to include two pools, as the SNP call will be either
a CoranA, etc. Similarly, some SNPs have three possibilities. Alternatively, in some embodiments, if
the reactions are done sequentially rather than simultaneously, the same dye can be done, just in
different steps: e.g. the NNNANN-dye1 probe can be used alone in a reaction, and either a signal is
detected or not, and the probes washed away; then a second pool, NNNTNN-dye1 can be introduced.
[0246] In any of the sequencing methods described herein, sequencing probes may have a wide range
of lengths, including about 3 to about 25 bases. In further embodiments, sequencing probes may have
lengths in the range of about 5 to about 20, about 6 to about 18, about 7 to about 16, about 8 to about
14, about 9 to about 12, and about 10 to about 11 bases.
[0247] Sequencing probes of the present invention are designed to be complementary, and in general,
perfectly complementary, to a sequence of the target sequence such that hybridization of a portion target
sequence and probes of the present invention occurs. In particular, it is important that the interrogation
position base and the detection position base be perfectly complementary and that the methods of the
invention do not result in signals unless this is true.
[0248] In many embodiments, sequencing probes are perfectly complementary to the target sequence
to which they hybridize; that is, the experiments are run under conditions that favor the formation of
perfect basepairing, as is known in the art. As will be appreciated by those in the art, a sequencing
probe that is perfectly complementary to a first domain of the target sequence could be only substantially
complementary to a second domain of the same target sequence; that is, the present invention relies in
many cases on the use of sets of probes, for example, sets of hexamers, that will be perfectly

complementary to some target sequences and not to others.
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a portion of an adaptor (a first adaptor site) and also at least one nucleotide of the target nucleic acid
adjacent to the adaptor (“overhangs”). As illustrated in Figure 24, anchor probe 2402 comprises a
sequence complementary to a portion of the adaptor. Anchor probe 2402 also comprises four
degenerate bases at one terminus. This degeneracy allows for a portion of the anchor probe population
to fully or partially match the sequence of the target nucleic acid adjacent to the adaptor and allows the
anchor probe to hybridize to the adaptor and reach into the target nucleic acid adjacent to the adaptor
regardless of the identity of the nucleotides of the target nucleic acid adjacent to the adaptor. This shift
of the terminal base of the anchor probe into the target nucleic acid shifts the position of the base to be
called closer to the ligation point, thus allowing the fidelity of the ligase to be maintained. In general,
ligases ligate probes with higher efficiency if the probes are perfectly complementary to the regions of the
target nucleic acid to which they are hybridized, but the fidelity of ligases decreases with distance away
from the ligation point. Thus, in order to minimize and/or prevent errors due to incorrect pairing between
a sequencing probe and the target nucleic acid, it can be useful to maintain the distance between the
nucleotide to be detected and the ligation point of the sequencing and anchor probes. By designing the
anchor probe to reach into the target nucleic acid, the fidelity of the ligase is maintained while still

allowing a greater number of nucleotides adjacent to each adaptor to be identified. Although the
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embodiment illustrated in Figure 24 is one in which the sequencing probe hybridizes to a region of the
target nucleic acid on one side of the adaptor, it will be appreciated that embodiments in which the
sequencing probe hybridizes on the other side of the adaptor are also encompassed by the invention. In
Figure 24, “N” represents a degenerate base and “B” represents nucleotides of undetermined sequence.
As will be appreciated, in some embodiments, rather than degenerate bases, universal bases may be
used.

[0256] Anchor probes of the invention may comprise any sequence that allows the anchor probe to
hybridize to a DNB, generally to an adaptor of a DNB. Such anchor probes may comprise a sequence
such that when the anchor probe is hybridized to an adaptor, the entire length of the anchor probe is
contained within the adaptor. In some embodiments, anchor probes may comprise a sequence that is
complementary to at least a portion of an adaptor and also comprise degenerate bases that are able to
hybridize to target nucleic acid regions adjacent to the adaptor. In some exemplary embodiments,
anchor probes are hexamers that comprise 3 bases that are complementary to an adaptor and 3
degenerate bases. In some exemplary embodiments, anchor probes are 8-mers that comprise 3 bases
that are complementary to an adaptor and 5 degenerate bases. In further exemplary embodiments,
particularly when multiple anchor probes are used, a first anchor probe comprises a number of bases
complementary to an adaptor at one end and degenerate bases at another end, whereas a second
anchor probe comprises all degenerate bases and is designed to ligate to the end of the first anchor
probe that comprises degenerate bases. It will be appreciated that these are exemplary embodiments,
and that a wide range of combinations of known and degenerate bases can be used to produce anchor
probes of use in accordance with the present invention.

[0257] The present invention provides sequencing by ligation methods for identifying sequences of
DNBs. In certain aspects, the sequencing by ligation methods of the invention include providing different
combinations of anchor probes and sequencing probes, which, when hybridized to adjacent regions on a
DNB, can be ligated to form probe ligation products. The probe ligation products are then detected,
which provides the identity of one or more nucleotides in the target nucleic acid. By “ligation” as used
herein is meant any method of joining two or more nucleotides to each other. Ligation can include
chemical as well as enzymatic ligation. In general, the sequencing by ligation methods discussed herein
utilize enzymatic ligation by ligases. Such ligases invention can be the same or different than ligases
discussed above for creation of the nucleic acid templates. Such ligases include without limitation DNA
ligase I, DNA ligase I, DNA ligase IIl, DNA ligase IV, E. coli DNA ligase, T4 DNA ligase, T4 RNA ligase
1, T4 RNA ligase 2, T7 ligase, T3 DNA ligase, and thermostable ligases (including without limitation Taq
ligase) and the like. As discussed above, sequencing by ligation methods often rely on the fidelity of
ligases to only join probes that are perfectly complementary to the nucleic acid to which they are
hybridized. This fidelity will decrease with increasing distance between a base at a particular position in
a probe and the ligation point between the two probes. As such, conventional sequencing by ligation
methods can be limited in the number of bases that can be identified. The present invention increases
the number of bases that can be identified by using multiple probe pools, as is described further herein.
[0258] A variety of hybridization conditions may be used in the sequencing by ligation methods of
sequencing as well as other methods of sequencing described herein. These conditions include high,
moderate and low stringency conditions; see for example Maniatis et al., Molecular Cloning: A Laboratory

Manual, 2d Edition, 1989, and Short Protocols in Molecular Biology, ed. Ausubel, et al, which are hereby
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greater than 50 nucleotides). Stringent conditions may also be achieved with the addition of helix
destabilizing agents such as formamide. The hybridization conditions may also vary when a non-ionic
backbone, i.e. PNA is used, as is known in the art. In addition, cross-linking agents may be added after
target binding to cross-link, i.e. covalently attach, the two strands of the hybridization complex.

[0259] Although much of the description of sequencing methods is provided in terms of nucleic acid
templates of the invention, it will be appreciated that these sequencing methods also encompass
identifying sequences in DNBs generated from such nucleic acid templates, as described herein.

[0260] For any of sequencing methods known in the art and described herein using nucleic acid
templates of the invention, the present invention provides methods for determining at least about 10 to
about 200 bases in target nucleic acids. In further embodiments, the present invention provides methods
for determining at least about 20 to about 180, about 30 to about 160, about 40 to about 140, about 50 to
about 120, about 60 to about 100, and about 70 to about 80 bases in target nucleic acids. In still further
embodiments, sequencing methods are used to identify at least 5, 10, 15, 20, 25, 30 or more bases
adjacent to one or both ends of each adaptor in a nucleic acid template of the invention.

[0261] Any of the sequencing methods described herein and known in the art can be applied to nucleic
acid templates and/or DNBs of the invention in solution or to nucleic acid templates and/or DNBs

disposed on a surface and/or in an array.

VIIB(i). Single cPAL

[0262] In one aspect, the present invention provides methods for identifying sequences of DNBs by
using combinations of sequencing and anchor probes that hybridize to adjacent regions of a DNB and
are ligated, usually by application of a ligase. Such methods are generally referred to herein as cPAL
(combinatorial probe anchor ligation) methods. In one aspect, cPAL methods of the invention produce
probe ligation products comprising a single anchor probe and a single sequencing probe. Such cPAL
methods in which only a single anchor probe is used are referred to herein as “single cPAL”.

[0263] One embodiment of single cPAL is illustrated in Figure 23. A monomeric unit 2301 of a DNB
comprises a target nucleic acid 2309 and an adaptor 2308. An anchor probe 2302 hybridizes to a
complementary region on adaptor 2308. In the example illustrated in Figure 23, anchor probe 2302

hybridizes to the adaptor region directly adjacent to target nucleic acid 2309, although, as is discussed
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anchor and sequencing probes to favor those probes that are perfectly matched to the target (unknown)

sequence. In further embodiments, a number of bases in the degenerate portion of the anchor probes
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subsequent methods. In the some embodiments, the second anchor probe has about 1 to about 5 bases
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(again, actually a pool of probes). An example of such a double cPAL method is illustrated in Figure 26,
in which the first anchor probe 2602 is hybridized to adaptor 2611 of DNB 2601. The second anchor
probe 2605 is fully degenerate and is thus able to hybridize to the unknown nucleotides of the region of
the target nucleic acid 2612 adjacent to adaptor 2611. The second anchor probe is designed to be too
short to be maintained alone in its duplex hybridization state, but upon ligation to the first anchor probe

the formation of the longer ligated anchor probe construct provides the stability needed for subsequent
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particular orientation with respect to the adaptor. For example 5 and 3 phosphate groups can be

introduced to the second anchor probe, with the result that the modified second anchor probe would be
able to ligate to the 3’ end of a first anchor probe hybridized to an adaptor, but two second anchor probes
would not be able to ligate to each other (because the 3" ends are phosphorylated, which would prevent
enzymatic ligation). Once the first and second anchor probes are ligated, the 3’ ends of the second
anchor probe can be activated by removing the 3’ phosphate group (for example with T4 polynucleotide
kinase or phosphatases such as shrimp alkaline phosphatase and calf intestinal phosphatase).

[0277] If it is desired that ligation occur between the 3’ end of the second anchor probe and the 5’ end of
the first anchor probe, the first anchor probe can be designed and/or modified to be phosphorylated on its
5’ end and the second anchor probe can be designed and/or modified to have no 5’ or 3’

phosphorylation. Again, the second anchor probe would be able to ligate to the first anchor probe, but

not to other second anchor probes. Following ligation of the first and second anchor probes, a 5
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[0320] In a still further enbodi nent and in accordance with any of the
above, at |east one of the adaptors in a concatener includes at |east one
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capt ur daep]egeb@gry between the steps of hybridization of the second anchor probe and hybridization of a
sequencing probe. In the subsequent ligation of the sequencing probe to the second anchor probe, the
second anchor probe would also be ligated to the first anchor probe, resulting in a duplex with increased
stability over any of the anchor probes or sequencing probes alone.
[0279] Similar to the double cPAL method described above, it will be appreciated that cPAL with three
or more anchor probes is also encompassed by the present invention. Such anchor probes can be
designed in accordance with methods described herein and known in the art to hybridize to regions of
adaptors such that one terminus of one of the anchor probes is available for ligation to sequencing
probes hybridized adjacent to the terminal anchor probe. In an exemplary embodiment, three anchor
probes are provided — two are complementary to different sequences within an adaptor and the third
comprises degenerate bases to hybridize to sequences within the target nucleic acid. In a further
embodiment, one of the two anchors complementary to sequences within the adaptor may also comprise
one or more degenerate bases at on terminus, allowing that anchor probe to reach into the target nucleic
acid for ligation with the third anchor probe. In further embodiments, one of the anchor probes may be
fully or partially complementary to the adaptor and the second and third anchor probes will be fully
degenerate for hybridization to the target nucleic acid. Four or more fully degenerate anchor probes can
in further embodiments be ligated sequentially to the three ligated anchor probes to achieve extension of
reads further into the target nucleic acid sequence. In an exemplary embodiment, a first anchor probe
comprising twelve bases complementary to an adaptor may ligate with a second hexameric anchor probe
in which all six bases are degenerate. A third anchor, also a fully degenerate hexamer, can also ligate to
the second anchor probe to further extend into the unknown sequence of the target nucleic acid. A
fourth, fifth, sixth, etc. anchor probe may also be added to extend even further into the unknown
sequence. In still further embodiments and in accordance with any of the cPAL methods described
herein, one or more of the anchor probes may comprise one or more labels that serve to “tag” the anchor

probe and/or identify the particular anchor probe hybridized to an adaptor of a DNB.
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[0327] In a still further enbodi nent and in accordance with any of the
above, genomi c nucleic acids are fragnented to formtarget sequences.
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encompassed by the present invention. Increasing the number of fluorophores increases the number of
bases that can be identified during any one cycle.
[0283] In one exemplary embodiment, a set of 7-mer pools of sequencing probes is employed having
the following structures:

3’-F1-NNNNNNAp

3’-F2-NNNNNNGp

3’-F3-NNNNNNCp

3’-FA-NNNNNNTp

[0284] The “p” represents a phosphate available for ligation and “N” represents degenerate bases. F1-
F4 represent four different fluorophores — each fluorophore is thus associated with a particular base.
This exemplary set of probes would allow detection of the base immediately adjacent to the adaptor upon
ligation of the sequencing probe to an anchor probe hybridized to the adaptor. To the extent that the
ligase used to ligate the sequencing probe to the anchor probe discriminates for complementarity
between the base at the interrogation position of the probe and the base at the detection position of the
target nucleic acid, the fluorescent signal that would be detected upon hybridization and ligation of the
sequencing probe provides the identity of the base at the detection position of the target nucleic acid.
[0285] In some embodiments, a set of sequencing probes will comprise three differentially labeled
sequencing probes, with a fourth optional sequencing probe left unlabeled.

[0286] After performing a hybridization-ligation-detection cycle, the anchor probe-sequencing probe
ligation products are stripped and a new cycle is begun. In some embodiments, accurate sequence
information can be obtained as far as six bases or more from the ligation point between the anchor and
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0. 1N Na[)%?erfmgg Q@&Fels%fmbt%‘ép@bgr‘f]s&htarOom tenperature and all owed to

cl ear super atant was renoved and added to a fresh nucl ease-free tube.

4 pl 3NPZESHi A exsraneeadimenh PNRS disaerge an o Uate gt YA 2hePARE i xed

gently. deE@iB&ﬂ&erNﬁXiwhl&ﬁﬂe §Hqué}f0|rB$Pobb$lfjth|2éd 4rs WppIkd @th fouit difetd riicegphBieR
t he. s

\Ij)vg; Ief Ia S‘%c{h%grr(%(s:;))gla\m V}aa F;)Jar Lﬁar base aq an mtér%gaetk)&posnéor? amﬁf?e\%v}stln’§8?%é§gr{nﬁn%ghé mhen
col | ectl@@htyp{;@)e@e&ﬁea@éﬁﬁd'Spag@d)nftb? surfagd, gagheieldf view (‘ame’ jsrimadpd evith Faswy
t hr oughyitisnt fhhvefed lﬂ@@brre@ﬁ%d@g fie che?cﬁJr hwréé%ént(yfﬁéﬂéleh 's&ﬂjemlﬁdbr@eépﬂﬁ%aa@

Puri f t Ki t f d
For  an GULEET BIFA 19 ORI L RGASCT Ao BMMPOUGhoveEE Bl SRaF Ao e
col umm figas (wreen $due flvasephpres arefused)h Cycib enagndate@apthepbe ERet infdf edireCon il ctand

wth deégnggdP%ﬁdg{régnl, E@Eésg,n Kits) was added. The colums were spun at
14, 000 f mnute to ute(t; emwle stranded nucleic acid te

The qua{ﬂ%‘ﬁ 9” BCPm%%{B'PPdg‘éﬁ?fﬂ gaigadracinan ey SNy PERs Biqge Epinc BTN 3€ﬁs B

si ngl e-detraeataie pasitiphsadf @ DNBS oga Clirfact,iagasets offlupetcenddinaged acgbiredhiaring each

singl e-gy, e"ﬁ@.ﬂ&g/ék rrb%gaf exﬂf‘{ﬁ L;&fm;%?é &n%@”@éﬂ&%nt‘(@ﬁu%%&S«/@Wtﬁeegghﬂhgj images, .

nUClease ree ease free water was reacti on
vol une ang thep fgsjeachysygh phject dbggaltwaregap e keagtio epnRuissan ayghge flupresicencg yalue for
Gi r cLi gasesddaairgencl8urdrany §ifepi geaatthae Rarfdur dha poﬂs&?o'ﬁ’éi;@ondﬁg plthelioM iMdds 2

pl 50 r[“ﬂen agj f?%er%wavéerﬁh][sg%%&erl Hﬁ?qeh( pbalg{a |sDa!n)A %08' ?Ctl' r%/{/ de#a 8(8?53 als I gase

M x) we ver € T ncu
m nut ed efe!ﬂ\?ﬂ)@ thereinias bﬁse @ﬁlls@ﬁr@qnﬂlﬁga@ef 'eM'f)@ a\/Va@O%itﬂ'd@& sm@namj eedd fa e’e@c h
tube anshg he sanpl es were incubated at 60 for 2 hours, 80C for 20 m nutes,

t hen 4 tit f th | of
o g oY ol BB S R TR e 0 e R, °
Fi rst, tBOtapget miclegzcld a@il/ociiengifydee wrasgpreoimagicadtedugnoesan thedhrgetgwcléic egd PAR

t ube, tfape e%bQ(hlm\é\@tg Qﬁe |dé]ntlf?ed t;agés &% Q5uaibRA SR B@@ﬁﬁlét@ Qeq@HﬁJeQﬁro&dENeéﬂ?m gnd
Bi ol abs Part . t) Exonucl ease | C{) and

[
Bi ol absOVPféﬁpP'”%eq“W%E)a'”e%ﬂ“ %uep'ﬁﬁeces?awe&:%'a% rfof'Fe NN \N&ﬁ YRYI and
Bi ol absheRdr, theNerm ‘M@ eavene” aatﬂeul:et(b tlhe)seea@he styaptiator WHole geaomdses wel ine

i nCUbatp%qlg%r V\;ﬁZIgtJr&ft nf}gfeimd&(%t Qﬁfu ogrﬁew F&%Ig rn&h&)‘sQJtll‘&@sd @g thtaP eaCh

armpl e ‘an es were I ncu ate m nut es, roug
down t RS usgqdo S%ﬁ?ﬁlt‘@@hﬁb PEeTiapRiRg s(egg_epge%tp,p&y ide @ cemelste Sﬁﬂl‘dﬂné‘?ﬂ.slé S'F"rfé@"ef ubes

Ngétd SHtbopiment, reiSrdntd faBles e wip@d erdsuyuurtakss@hmag&p|d%(aﬁt|elauraqde|ne@tmtee cinplsk was
a e t ni pre
ool s TS e R AN BB, BB S PR Sl b bieBLER A 1 PGP
for 1 rAhpice. %exampmwan;sﬁnonm@ta @wetaqimawhwa@h [u]3 yemb@nteafm 0.75 mM PE
buf f er E(l&éﬂhﬂblb@,dnf&rﬁéﬁor%t%rrﬂﬂ nﬁ@v;‘?&édq?rbl@é’éel &Mnriidhshe yvaﬁa@dslres# IhSitu@A&h
colum, .and the.c or an ad nut ain

t he fldlﬁp{/WB’ucdhor%esseﬂf"\i@éﬁf of arﬁ‘g’gé ‘ﬁﬂ%a%&o’{‘?é?oé’f‘%foPéanF “Sﬁdﬁ‘%‘ég ®fube
and 40 rgferepée tEBe lfnnbarewla(rseq}pmlquwwqw IQpdiionpspPCiR rPigrante @hles can ki t s) was
added. cbharuelb Hafﬂ%mwaaqﬁaelaer.véa froM\Qp&%%Qllﬁ&%%@P@%H%Q%é Qéﬁzrﬁue fd 14, 000

1;]91‘ e;c %“E‘EE}%WF@O%&%'P% ﬁ@ﬁc'tﬁéa%eﬁgr@ah'c herltagg rgllglous or CL}{tura?ync?eﬂned populatlons a% tant Ity

variation within the human genome may slant the reference data depending upon the origin of the

information contained therein.
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[0337] G rcle dependent replication for DNB production: The nucleic acid
tenpl ates were subjected to circle dependent replication to create DNBs
conpri si NYOcBMwEs2fer s of target nucl eic acid and adapt 8€TASW8/M8¥41 40
fmol of exonucl eoase-treated single-stranded circles were added to

nucl ead82%1} deamCrthetemhgdimghis of the myenian discugess hetkied Populdfion agnuclee acidnal

vol ume tErﬂplgt@s Qnd/cﬂ'DNB%'@ﬁé cormbriskla n@f’nbgr)bf BirddiBlicldM acids fo QJbstWﬁﬁaﬂy eovér HWhAOX
phi 29 Reaction

D1 var ROBRRE (RE aabeobhc e AARe BAT Rl R MR BP0 om
t enper aff awaeokidas (BY, tangﬂtwtee@ncmmalyzmcqmtalrtsfanpﬂqulva@ﬁtM o Ifagtwp lcopigst o the targgd|
10x ph'p%@nt%f‘é%ﬁdé me %H(gtf‘n@rrasggexﬁ\ét |€£@te%9p.§ gl ﬁgﬁotﬁérarspeﬂpat I@&@%ﬁ/ copie€ ofINTP

m x (2.5mM of each and TTP%
pol yrreraag@er(afeectjlableaStNBQ\F‘E%‘F@I Jﬁ@eﬁt"!ﬂ”a‘ﬂ%"“ﬁ%ﬁ ayhﬁcu%@%‘d%ﬂjne {asNAWIGd t o
each t uleeomit DdlAtfrah@snts\endecliNreimgmezois baiddNAaftagBelsf Guidde forithedtesof The t ubes

ver e t'}g&m tﬂfEHﬁ’get?rgng%g/n@eoﬂMfe‘a ce?&'én%eqod’r‘@ @.Q%ﬂ&hé’hen eémggre The

gquantity of circ ndent replication measur 0338]
Det er niltfofRgratsdEbyqefarenes; :Lansre &t Al Heergighc 3 € i %39 {98 Dlingrsset lad: MR RIQI AP HRed,

t he qual-iz o®f); dnbekdRBenv@s assessed by | ooking at color purity. The DNBs
wer e suspended in anplicon dilution buffer (0.8x phi29 Reaction Buffer (New

Engl and Bi ol abs Piﬂ@k"ﬂ%i Eq)épo%a and 10 nmM EDTA, pH 8.0), and vari ous
dilutions were a ) of a flowslide and incubated at 30C for 30
m nutes. The flowslides were then washed with buffer and a probe sol ution
cont ai 1P?A3] fAsurill o JRPEscgipd. Filaiens sPmZinatieps ¢ sepescing Kl asahaiPioRe TS Pe 1SS Red,
FI TC oractytdarisewitinghd @gridud cRAChethadiaiesdribed Athavw $hd faiRsingeiescribticiBsf tye@d to a

hot 01 aglecRifedigaheiche 30C a0 & nALE) 69,8 A0G LA AR M N ER Il 1 oW

slides 'we
circle Qﬁé’ﬁé'ﬁﬂétﬁtaw é]ﬂl 'lbéaPleéﬂat&F heiibe prgesnt threntoms asiimitgd tOER@ﬁﬁPf@b'Qat'OSF ncile

and Douybiga] an B-adpBet3Rs dPbiobey aeaeéugﬁiaetdaﬁjeﬁﬁﬂcttwh loynidrgRe aejRitisecard anchor
sted in a.t d rrblnatlons

bes t t The .
eod weP B PR e An S i P gaLT Bt S R LRCHOP U RANDRPRIGEL o
t he addpBot Sa@lj7a&ént0.t1d 12his, t1arigets. AtdBel % 2Géi R2aR3 24, 25, A7 S8q2eRt rmy

probe, rﬁ&agamnaswmw t'negdefbtd‘r r Rm.tétuesee%eteosm%br ;trmsanﬁ B enbiafak@utusi ng
the sane first anchor and a seco anch enerate five-ner

r a de
and a SR MELY SRR g'gfbﬁdd%éead? @EPdPentjfgﬁf ”“ﬁl?écuatcldd‘ﬂlaéeqt‘ P&FP\"’%H%‘O 8r ;. 3)

t wo an(sleqmenbmg] priobexto mtm@rthmewaﬁm fheragdptaradh thus amdudattsaemmd oambdrserfurther
conpri sj, frgT Et[)ate six-mer and a 9-ner sequencing probe, reading at
position rom-t adapt or; and 4) two anchor |I%atl on using the sane
first dfEMbrinanexerPRackpd Wh@rse'c%ﬁﬁlb?%‘f%ﬁ’”saesc?é&é AVRRREh RIPRES ARTINSAL a
9- mer SHHitRRGO BfadehObBgons’ & ad aduptart Inpos ehbodimdrd, the st dnbieor abdptsailly 1 pM of a
first er e
condi nad e W Rty S B eBlod. (HESRENE ERBEoFRTORDLRERITIIREC | | 1
surf acé‘d@Fe'ttF@'qn@é@?@éﬁ*Pt@ | inck@Mecembg mﬁﬂtﬁdh‘e%eco'a*QF@FOV\MﬁbéHV"tqoﬁ’@”%et@e or

unr eactiisle BERRGEteHBlestRBYMBL Xt info MR BickidetO®ALdIBIESIof B8 tardet HEAAGISLId €act | on

m x contai ni | i gase and fluqgrescent prapes of the type 5 FEI NNNNN or
5 - RERRIRF SRR RRRaraais 2P SRR RERioRig SbBorit R smelsgt Spar 1!

r epr esalegenematebases. f lo@rfurthenercophor ensbodinient fheeseamt sinehey probrecanfprisdse?-9, Sl 4bases
A G GaﬁHSEdég’HnE@%@é’s %a%@ﬁ%e@%la@émmmr@s‘é&ﬁtd%cﬁohﬁrof)@ur bases
A, G C, or T specificall sociated with the f% hore. After {lgatlon
for 1 H:PmPPP&SBH‘%)%’a{E‘tr%Be%P%rB@}aa‘?f'oatP%%‘@fé’ﬁthster\ﬂ)é’}] an af‘r"tS‘?Hof Ieio8 P} e and

t he fl venescence associated with each DNA target was assayed. 73 WO

200910 767938 RC kI tRSODR 89ﬁéﬁﬁ!r %t%?ér%%es':m%&@ o%r.?f&?ﬁefb?‘h{o?é&éup%'og%he cing

I nt ensi tI eS assocl| ate ferent enerate second anchor
pr obes A¢Pes fRs baspetarpinatignirhone i 8198 qqt%&"’bl%}?l“%%?é’l"t‘?gj’ t@\ﬁgﬁbd‘“F'ﬁ'é PedsBPeecond
anchor ¢pibabieehtethg skt coMprisee @Rough diffegtir @oudS of $daaerfcing peobes ©3ddnafy asalt h to

| nt enSia]tb%)ﬁ %os?@onggfﬁﬁ Eyek etW|J(EeIQ? %{‘oe th & AHh %eghgﬁ e?r}‘jogﬁiﬁt%ﬂtath%ét%‘&%g%e nchor,

but sti erated reaso _ scores t read. [0341]
The ef faBetdnarouPh AESELENGEY PiEevRA] ANy AU B fotieuinis: sadt Alvdbeyid Stakeutdriehor

probe rabirad, Assut 4 tbusdut ad,edoit® téhigHdt € arPatiiely @RoutBPositicHhiF adsrgétor and

degenerate falmge mer were both used with a 9- mer sequenci ng probe to read
posi ti JHECG 244 9 from the adaptor, respectively. Although the intensity

| evels differed nore in the two anchor probe nethod, both the standard one
anchor method and the two anchor probe nethods at both ti mes denonstrated

conparable fit scores, each being over 9. 8.
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[0342] Effect of degenerate second anchor probe length on intensity and fit
score: Different conbinations of first and second anchor probes wth

varyi ng s\wWoeagaep/Em3Bor probe | ength and conposition wer eP(38$2908/08dpar e t he
effect of the degenerate anchor probe on signal intensity and fit score
when ud296] dn fudbertexepplary lsarbedimenty f10tpaels aidahsiedror taggesthdelred Wiihe weedor net hods

We[ﬁ g%&ﬂﬂ&féemh ﬁ]bgﬂéﬁtlohnltnl%ﬂﬁfaﬁth&%n@&ﬂmfahtg safé%\f SbdsShiN@cityiwd BEREre PFObe
met hods r i a egene aV| ng somne

e i BBt O Ra b BT B BRe ks BTl P s,

Degenertaf &5, 9e‘cﬂomﬁ 1antSht#, 1p|oorbers aothOFpmeesrmmsilftecanmsemeerrmss were used at one

Concent[f)ﬁ?!lq}?a ftﬂt'ﬂgr R IQFy ernmgélﬁlent 3 Q& oﬁerFJs |§i&gw(§éaeco§$ﬂs%b dhelor m%rg‘?otﬁk SO
test ed at X concent raF| on. Second anchor bes CO% I'n tV\D nucl eot i des

of adayff 8FIUEHTRYI REPREAPAT NFSP 2RRYT BICPFS rTER (NSt B‘Prr%“’b&f' BRI BN des
at t heidf aBadaphud, theeseeod| Bohdresibe tb @tnptehentiaryrts b se@nd esgtonat arodtapieaahd e t he

reactiqus, Htrég{érﬁaq‘ug tid fﬁ&rﬂ@g&eatre %Jéacfeﬂt"{g eéc%q)‘d?e'ﬂc’rrﬂe‘?m.ﬂ{%@ﬁér gfro%[e chfGHEL fht e 0”

of the nucl pr esent read position in nucl erc ac
[ 0343] Mg d%ﬁ?ﬁﬁ?ﬁa{wp'eﬂgew@ds aaie EOHEbfé%ﬁé‘P PYRARiiLesdp e uoTt ol D FgseRt t‘bn
1:1 pMtnd ac&psz b&&ﬁrdfdnbl&ir pRIBE R aRb Mmblenbedinssts aéledrmenpm&weto a third region
Read pOﬂ aga;ﬁ Znt ?fg?dtrgeonarrqg‘ypt;[[eoard cen(iI to ﬁg‘(s:éc (r?é]reélﬁl S?JM t?%t tﬁle secon oaé\snechc];rI rst
anchor probe éb ase second anchor
probe is flanked by the first and third anchor probes.
[0298] In some embodiments, sets of anchor and/or sequencing probes will comprise variable
concentrations of each type of probe, and the variable concentrations may in part depend on the
degenerate bases that may be contained in the anchor probes. For example, probes that will have lower
hybridization stability, such as probes with greater numbers of A’s and/or T’s, can be present in higher
relative concentrations as a way to offset their lower stabilities. In further embodiments, these
differences in relative concentrations are established by preparing smaller pools of probes independently

and then mixing those independently generated pools of probes in the proper amounts.

VIIB(v). Other sequencing methods

[0299] In one aspect, methods and compositions of the present invention are used in combination with
techniques such as those described in W02007120208, W02006073504, W02007133831, and
US2007099208, and U.S. Patent Application Nos. 60/992,485; 61/026,337; 61/035,914; 61/061,134;
61/116,193; 61/102,586; 12/265,593; 12/266,385; 11/938,096; 11/981,804; No 11/981,797; 11/981,793;
11/981,767; 11/981,761; 11/981,730; 11/981,685; 11/981,661; 11/981,607; 11/981,605; 11/927,388;
11/927,356; 11/679,124; 11/541,225; 10/547,214; 11/451,692; and 11/451,691, all of which are
incorporated herein by reference in their entirety for all purposes and in particular for all teachings related
to sequencing, particularly sequencing of concatemers.

[0300] In a further aspect, sequences of DNBs are identified using sequencing methods known in the
art, including, but not limited to, hybridization-based methods, such as disclosed in Drmanac, U.S.
patents 6,864,052; 6,309,824; and 6,401,267; and Drmanac et al, U.S. patent publication 2005/0191656,
and sequencing by synthesis methods, e.g. Nyren et al, U.S. patent 6,210,891; Ronaghi, U.S. patent
6,828,100; Ronaghi et al (1998), Science, 281: 363-365; Balasubramanian, U.S. patent 6,833,246;
Quake, U.S. patent 6,911,345; Li et al, Proc. Natl. Acad. Sci., 100: 414-419 (2003); Smith et al, PCT
publication WO 2006/074351; and ligation-based methods, e.g. Shendure et al (2005), Science, 309:
1728-1739, Macevicz, U.S. patent 6,306,597, wherein each of these references is herein incorporated by
reference in its entirety for all purposes and in particular teachings regarding the figures, legends and
accompanying text describing the compositions, methods of using the compositions and methods of

making the compositions, particularly with respect to sequencing.
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Read position: 7nt fromthe adaptor end Reaction 3:1 pMof a 12 base first
anchor probe 20 pM of a 6 degenerate base second anchor probe
Read posiwpene9/@m38from t he adaptor end Reaction 4:1 pl VCTAiS2e080857Whse
first anchor probe 20 pMof a 7 degenerate base second anchor probe
Read pd83d1i dnsongmemipadimantsheucipiregsidiemelaids Fidbeinvastions ag wplhasoPNEs deperigiegd érofi r st
anchor tRés@gnpdled) MeQlse@in s8qRERNES FhBedRHBhSARC ANE cRBERY lof Q—ifqﬁé}%ing b .
Read posi thl on: L t from tlh.e a gept r egg] Reactt ion 6:1 EM of a ]1 ﬁase first
anchor FPBEE BYE®UEY "YClgkge F'H)iaéestﬁ) & "FECERP 'ANTHEY °pi spEenona
Read pcsatdnoing byidynthesis metnodshdilizictapicleic agidd thRedetat oempfisd mpiplefintearsiePsebas e
first apghes. RaABENEAD: AMIOn@reld HROEIESER tehpRAsiSr FRGRBRIARIRPIor RURRE short
reads that each start at one of the adaptors in the template. Such short reads consume fewer labeled
dNTPs, thus saving on the cost of reagents. In addition, sequencing by synthesis reactions can be
performed on DNB arrays, which provide a high density of sequencing targets as well as multiple copies
of monomeric units. Such arrays provide detectable signals at the single molecule level while at the
same time providing an increased amount of sequence information, because most or all of the DNB
monomeric units will be extended without losing sequencing phase. The high density of the arrays also
reduces reagent costs — in some embodiments the reduction in reagent costs can be from about 30 to
about 40% over conventional sequencing by synthesis methods. In some embodiments, the
interspersed adaptors of the nucleic acid templates of the invention provide a way to combine about two
to about ten standard reads if inserted at distances of from about 30 to about 100 bases apart from one
another. In such embodiments, the newly synthesized strands will not need to be stripped off for further
sequencing cycles, thus allowing the use of a single DNB array through about 100 to about 400

sequencing by synthesis cycles.

VIIC. Two-phase sequencing

[0302] In one aspect, the present invention provides methods for “two-phase” sequencing, which is also
referred to herein as “shotgun sequencing”. Such methods are described in U.S. Patent Application No.
12/325,922, filed December 1, 2008, which is hereby incorporated by reference in its entirety for all
purposes and in particular for all teachings related to two-phase or shotgun sequencing.

[0303] Generally, two phase-sequencing methods of use in the present invention comprise the following
steps: (a) sequencing the target nucleic acid to produce a primary target nucleic acid sequence that
comprises one or more sequences of interest; (b) synthesizing a plurality of target-specific
oligonucleotides, wherein each of said plurality of target-specific oligonucleotides corresponds to at least
one of the sequences of interest; (¢) providing a library of fragments of the target nucleic acid (or
constructs that comprise such fragments and that may further comprise, for example, adaptors and other
sequences as described herein) that hybridize to the plurality of target-specific oligonucleotides; and (d)
sequencing the library of fragments (or constructs that comprise such fragments) to produce a secondary
target nucleic acid sequence. In order to close gaps due to missing sequence or resolve low confidence
base calls in a primary sequence of genomic DNA, such as human genomic DNA, the number of target-
specific oligonucleotides that are synthesized for these methods may be from about ten thousand to
about one million; thus the present invention contemplates the use of at least about 10,000 target-
specific oligonucleotides, or about 25,000, or about 50,000, or about 100,000, or about 20,000, or about
50,000, or about 100,000, or about 200,000 or more.

[0304] In saying that the plurality of target-specific oligonucleotides “corresponds to” at least one of the
sequences of interest, it is meant that such target-specific oligonucleotides are designed to hybridize to
the target nucleic acid in proximity to, including but not limited to, adjacent to, the sequence of interest
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74 WD 20091076238PCT/ US2008/ 085741 Read position: 8nt from
the adaptor end Reaction 8:1 pMof a 12 base first anchor probe 80 pMof a
7 degenervipaoidse238econd anchor probe Read position: 9nPCTASAIBHES7AHapt or
end Reaction 9:1 pMof a 12 base first anchor probe 20 pMof a 6nt second
anchor syefoihet there iegfigteikeltheodiaelesiragmentiah riarpel seelyic Reidthatyslidisesie SBhent r om
t he adafgeiuciestdeSRAGIciu88thé Geduchd &fintéeék.zSﬁlﬂﬁ@rgéti-srpgéific%ﬂ%d}@ﬁle&ﬁ@@&e Herddeof a
7nt secaon arr}@gro %Fu(r)be t{}S jegr% ecreatl% t?asf?rs o n% kr}.ovvn Oasues%e Read BPSI tion:
7nt fr ofiFHHR éCL? SREN AR PrOBI eI PN M ™S 9RO PR TP URADPT pr obe

interest, as sequencing primers for sequencing the sequence of interest, as amplification primers for

amplifying the sequence of interest, or for other purposes.

[0305] In shotgun sequencing and other sequencing methods according to the present invention, after

assembly of sequencing reads, to the skilled person it is apparent from the assembled sequence that

gaps exist or that there is low confidence in one or more bases or stretches of bases at a particular site in

the sequence. Sequences of interest, which may include such gaps, low confidence sequence, or simply

different sequences at a particular location (i.e., a change of one or more nucleotides in target

sequence), can also be identified by comparing the primary target nucleic acid sequence to a reference

sequence.

[0306] According to one embodiment of such methods sequencing the target nucleic acid to produce a

primary target nucleic acid sequence comprises computerized input of sequence readings and

computerized assembly of the sequence readings to produce the primary target nucleic acid sequence.

In addition, design of the target-specific oligonucleotides can be computerized, and such computerized

synthesis of the target-specific oligonucleotides can be integrated with the computerized input and

assembly of the sequence readings and design of the target-specific oligonucleotides. This is especially

helpful since the number of target-specific oligonucleotides to be synthesized can be in the tens of

thousands or hundreds of thousands for genomes of higher organisms such as humans, for example.

Thus the invention provides automated integration of the process of creating the oligonucleotide pool

from the determined sequences and the regions identified for further processing. In some embodiments,

a computer-driven program uses the identified regions and determined sequence near or adjacent to

such identified regions to design oligonucleotides to isolate and/or create new fragments that cover these

regions. The oligonucleotides can then be used as described herein to isolate fragments, either from the

first sequencing library, from a precursor of the first sequencing library, from a different sequencing

library created from the same target nucleic acid, directly from target nucleic acids, and the like. In

further embodiments, this automated integration of identifying regions for further analysis and

isolating/creating the second library defines the sequence of the oligonucleotides within the

oligonucleotide pool and directs synthesis of these oligonucleotides.

[0307] In some embodiments of the two phase sequencing methods of the invention, a releasing

process is performed after the hybrid capture process, and in other aspects of the technology, an

amplification process is performed before the second sequencing process.

[0308] In still further embodiments, some or all regions are identified in the identifying step by

comparison of determined sequences with a reference sequence. In some aspects, the second shotgun

sequencing library is isolated using a pool of oligonucleotides comprising oligonucleotides based on a

reference sequence. Also, in some aspects, the pool of oligonucleotides comprises at least 1000

oligonucleotides of different sequence, in other aspects, the pool of oligonucleotides comprises at least

10,000, 25,000, 50,000, 75,000, or 100,000 or more oligonucleotides of different sequence

[0309] In some aspects of the invention, one or more of the sequencing processes used in this two-

phase sequencing method is performed by sequencing-by-ligation, and in other aspects, one or more of

the sequencing processes is performed by sequencing-by-hybridization or sequencing-by-synthesis.
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20 pMof an 8nt second anchor probe (6 degenerate bases - 2 known bases)
Read position: 8nt fromthe adaptor end [0344] Figures 31 and 32 illustrate
t he resulWe 2009/a7p238di f f er ent conbi nati ons of anchor proBET/WRRAW8HBZTdENCI Ng
probes. The |l ength of the degenerate second anchor probe was shown to be
best udP#§] dn serleinaspectsidhenierentian, beiwesrobplict telphoud 8efe nbthe cemmiex targetriugleicy
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per forne 0345L Ef fect of first anchor Cﬁrobe | engt h on

ure
i nt ensilf3!1 il tf‘?raéﬁ s IpbobiOdarecteprefiansiertionolignnusipgides R 4eEL AMY anchor
probes synthésized forieach thigeistuciain@hio regiinahxe isl remgduenveeriePhised of e erethods;én dthe

ef f ect a?;t)ecttgﬁ'gb éjlt 5 ﬁ)t%b%m%lﬁ‘(grgetpgpgaﬁc %e?e@ nrbll (ghuélla&[a@ arjera % If r)éa&ngrgét' fuciROr €

when used to i1denti e adaptor. Stan one an nmet hods
wer e cAedreen thef '%regsﬁﬁqe”F?ﬂ'éﬁﬁ?%el'lé%fth&ri@?”l‘qd? scores u3| ng two anchor probe
met hodgo342] hn etilltfllj}&fer @a@é&tt af thcytede@e)@y'z rtraet trgpt-spaific StRMtidhobligoHelestigs o Of

conpl eng ﬁ]faerd atnX s eS|zed ?y rP au?omaté)J rocess ¥vhgr%?ﬁ ee ;grg‘éeess %eFlgenqlﬂgsnr% hlcc))rl{s hf%bes
Each of e reactions u | Zed & Sant sequenci ng or
i dent i fdomalek oyrleif aqdfélsma:mt@tﬂq 5@@ spatesener having hé’ CP@‘@G”WP'?'P @ﬁd IS‘FﬂU?m? andr get

gUC| ei Qjeﬁﬁ'és@eqﬁgh@esqm t@%‘ét Qié&ﬂélmtld)rfbll &ﬁjC@&%é ESBAlnicER wih oflgﬁJnh@é’Mﬁde
eacti on

t d b
Read podnlrnRRE PF BAPYHE Coralgpite BRG'SE pREDE 009 BRSROIEr MiFDr
pr obe 2B8pgrid dtheSechogegie thattargdispeciicseclortn atighudeqbdeszae ReaeenpapsittZ0@nd abadht

from t he RCaNE RhgthNhd I sR)Mecgsp@cts]Qe Qﬁﬁ@dlffeljr st anchor probe 20 pMof a 7nt

second anchor probe (5 degenerate bases - 2 known bases)
[0313] Not all regions |dent|f| d for further analysis may actually exist in the complex target nucleic acid.

One reason for predicted lack of coverage in a region may be that a region expected to be in the complex
target nucleic acid may actually not be present (e.g., a region may be deleted or re-arranged in the target
nucleic acid), and thus not all oligonucleotides produced from the pool may isolate a fragment for
inclusion in the second shotgun sequencing library. In some embodiments, at least one oligonucleotide
will be designed and created for each region identified for further analysis. In further embodiments, an
average of three or more oligonucleotides will be provided for each region identified for further analysis.
It is a feature of the invention that the pool of oligonucleotides can be used directly to create the second
shotgun sequencing library by polymerase extension of the oligonucleotides using templates derived
from a target nucleic acid. It is another feature of the invention that the pool of oligonucleotides can be
used directly to create amplicons via circle dependent replication using the oligonucleotide pools and
circle dependent replication. It is another feature of the invention that the methods will provide
sequencing information to identify absent regions of interest, e.g. predicted regions that were identified
for analysis but which do not exist, e.g., due to a deletion or rearrangement.

[0314] The above described embodiments of the two-phase sequencing method can be used in
combination with any of the nucleic acid constructs and sequencing methods described herein and

known in the art.

VIID. SNP detection

[0315] Methods and compositions discussed above can in further embodiments be used to detect
specific sequences in nucleic acid constructs such as DNBs. In particular, cPAL methods utilizing
sequencing and anchor probes can be used to detect polymorphisms or sequences associated with a
genetic mutation, including single nucleotide polymorphisms (SNPs). For example, to detect the
presence of a SNP, two sets of differentially labeled sequencing probes can be used, such that detection

of one probe over the other indicates whether a polymorphism present in the sample. Such sequencing
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Reaction 2: Reaction 3:
WO 2009/076238 PCT/US2008/085741

probes can be used in conjunction with anchor probes in methods similar to the cPAL methods described

above to further improve the specificity and efficiency of detection of the SNP.

Vill. Exemplary embodiments

[0316] In one aspect, the present invention provides a method for determining a sequence in a target
nucleic acid. This method includes the steps of: (a) providing a sequencing template that includes a
fragment of the target nucleic acid and an adaptor that includes at least a first anchor site; (b) hybridizing
an anchor probe to the anchor site, and the anchor probe includes a region complementary to the
adaptor site and three or more degenerate bases for binding in the target nucleic acid sequence; (c)
hybridizing a pool of sequencing probes for determination of the sequence of one or more nucleotides in
a defined position relative to the adaptor, wherein the sequencing probe is detectably labeled to identify
the presence of a particular base; (d) ligating the anchor probe and the sequencing probe; and (e)
detecting the sequencing probe, thereby determining a sequence in the target nucleic acid.
[0317] In a further aspect and in accordance with any of the above, the invention provides a method of
determining the identification of a first nucleotide at a detection position of a target sequence comprising
a plurality of detection positions. This method includes the steps of: (a) providing a surface with a
plurality of concatemers, wherein each concatemer includes a plurality of monomers and each monomer
comprises: (i) a first target domain of the target sequence comprising a first set of target detection
positions; (ii) at least a first adaptor comprising: (1) a first anchor site; and (2) a second adjacent anchor
site; (b) hybridizing a first anchor probe to the first anchor site; (c) hybridizing a second anchor probe to
the second anchor site, wherein the second anchor probe also hybridizes to sequences outside the
second anchor site; (d) hybridizing at least a first sequencing probe to the first target domain, wherein the
first sequencing probe comprises: (i) a first probe domain complementary to the target domain; (ii) a
unique nucleotide at a first interrogation position; and (iii) a label; under conditions wherein if the unique
nucleotide is complementary to the first nucleotide, the sequencing probe hybridizes to the concatemer;
(e) ligating the anchor probes and the sequencing probe; and (f) identifying the first nucleotide.
[0318] In one embodiment, and in accordance with any of the above, the present invention provides a
method of determining the identification of a first nucleotide at a detection position of a target sequence
in which a set of sequencing probes are contacted with a surface comprising a plurality of concatemers.
In this embodiment, each sequencing probe includes: (a) a first probe domain complementary to the
target domain; (b) a unique nucleotide at a first interrogation position; and (c) a label; wherein each label
of the set corresponds to the unique nucleotide.
[0319] In a further embodiment, and in accordance with any of the above, each of the monomers in a
concatemer comprises a plurality of adaptors.
[0320] In a still further embodiment and in accordance with any of the above, at least one of the
adaptors in a concatemer includes at least one Type lIs endonuclease recognition site.
[0321] In a still further embodiment and in accordance with any of the above, the steps of hybridizing a
first anchor probe to the first anchor site; hybridizing a second anchor probe to a second anchor site;
hybridizing at least a first sequencing probe to the first target domain; and ligating the anchor probes and

the sequencing probe are repeated to identify a second nucleotide at a second detection position.
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75 WD 20091076238PCT/ US2008/ 085741 Read position: |1 Ont fromthe adaptor
end 1 pMof a 13 base first anchor probe 20 pMof a 7 degenerate base
second ar¥@a@pOY76338 Read position: 12nt from the adapt oPCEAB2008/847df a 12
base first anchor probe 20 pMof an 7 degenerate base second anchor probe
Read pd&322] dna furtherenfhogimentand ageeidancerdth anyafitiesf abgve, thetrgsendfaneher prehe hor
probe includes a set of second anchor probes comprising at least three degenerate bases that hybridize to

sequences outside the second anchor site.

[0323] In a still further embodiment and in accordance with any of the above, the second anchor probe

comprises at least one terminus that is selectively activatable for ligation.

[0324] In a still further embodiment and in accordance with any of the above, the surface with a plurality

of concatemers is a functionalized surface. In a still further embodiment, the surface is functionalized

with functional moieties selected from a group including amines, silanes, and hydroxyls.

[0325] In a still further embodiment and in accordance with any of the above, the surface comprises a

plurality of spatially distinct regions comprising the immobilized concatemers.

[0326] In a further embodiment and in accordance with any of the above, the concatemers are

immobilized on the surface using capture probes.

[0327] In a still further embodiment and in accordance with any of the above, genomic nucleic acids are

fragmented to form target sequences.

[0328] In a still further embodiment and in accordance with any of the above, the target sequence is a

genomic nucleic acid sequence.

[0329] In a still further embodiment and in accordance with any of the above, the genomic nucleic acid

sequences are human.

[0330] Inone aspect and in accordance with any of the above, the present invention provides kits for

use with sequencing templates that can include the sets of probes described herein. In general, kits of

the invention can include anchor probe pairs, anchor probe pairs and an additional anchor probe

adjacent to a target nucleic acid in a template, and sequencing probes for base determination at specific

positions in the nucleic acid template. Such kits may further comprise adaptors for use in the generation

of nucleic acid templates for use in the present methods.

[0331] Inone aspect and in accordance with any of the above, the present invention provides a nucleic

acid sequencing system that comprises 10 pools of labeled or tagged probes, sets of anchor probes

comprising 4 or more probes of different sequences, sets of anchor probes with 3 or more degenerate

bases, and ligase. In a further embodiment, the nucleic acid sequencing system will further comprise an

agent for denaturing anchor probes, sequencing probes, and ligated sequencing and anchor probes from

a nucleic acid template.

EXAMPLES

Example 1:  Producing DNBs

[0332] The following are exemplary protocols for producing DNBs (also referred to herein as
“amplicons”) from nucleic acid templates of the invention comprising target nucleic acids interspersed
with one or more adaptors. Single-stranded linear nucleic acid templates are first subjected to
amplification with a phosphorylated 5' primer and a biotinylated 3' primer, resulting in a double-stranded
linear nucleic acid templates tagged with biotin.

[0333] First, streptavidin magnetic beads were prepared by resuspending MagPrep-Streptavidin beads
(Novagen Part. No. 70716-3) in 1x bead binding buffer (150 mM NaCl and 20 mM Tris, pH 7.5 in
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20 pMof a 7 degenerate base second anchor probe Read position: 12nt from
the adaptor end 1 pMof a 10 base first anchor probe 20 pMof a 7

degener at\®oRAWN7638ond anchor probe Read position: 12nt PETAISRE0BEHdEpt or
end 1 pMof a 9 base first anchor probe 80 pMof a 7 degenerate base second
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descri bed above were Begworma at different tenperaiures using 1 pMof a 10

base f i MEMUSIFIE AU IPBIFS WesOMENFEd £ the fHare <CBlebI T AT e I @ents.
sequendndubatpd atheormiehtpetahee Bt tLGhUtee afd the MuNRBhRNIN weee dlloaet pokat iToa 10 from

the adasgbé)rﬁatéﬂ mIaQ?enQ{lgcﬁgr%co?scglfde(?I ) St tbe;(lngﬁ)(eﬁw/ltﬁ tHe oth d |I8rq f three

days eaction wt 5-mer sequenci n robe served
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t he ki nm@redm@ehtmam wpmfmeq‘atomm)&ugaﬂly, ihéibas af roers tanspetdturp anesliolved fohe
cont roI th&er an and fi S renal ned
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eratu RI'nasemidietBat i on
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[ 0348] [d3way rNé?d mmntor PEl aaﬁaqaﬁ)pﬁéa vhﬂh@ﬂ,&;ﬂe;\f\ﬁ@RfPhﬁf&a@ﬁams dd8édg ehbifusane
probes and c ns. as

shown in
DT o0eS hririsis BRe SR a6 T Sttyes st w8 BN TR
equi valZntcoldcherdhbdsrang ngittifiges! ferridnihutes atcld080 rpm. The flow through was discarded, and
0.75 ml PE buffer (supplied with QlAprep PCR Purification Kits) was added to each column, and the

column was centrifuged for an additional 1 minute. Again the flow through was discarded. The column
was transferred to a fresh tube and 50 ul of EB buffer (supplied with QlAprep PCR Purification Kits) was
added. The columns were spun at 14,000 for 1 minute to elute the single-stranded nucleic acid
templates. The quantity of each sample was then measured.

[0335] Circularization of single-stranded templates using CirclLigase: First, 10 pmol of the single-

stranded linear nucleic acid templates was transferred to a nuclease-free PCR tube. Nuclease free water
was added to bring the reaction volume to 30 pl, and the samples were kept on ice. Next, 4 ul 10x
CircLigase Reaction Buffer (Epicentre Part. No. CL4155K), 2 yl 1mM ATP, 2 ul 50 mM MnCl,, and 2 pl
CircLigase (100U/ pl) (collectively, 4x CircLigase Mix) were added to each tube, and the samples were
incubated at 60°C for 5 minutes. Another 10 pl of 4x CircLigase Mix was added was added to each tube
and the samples were incubated at 60° for 2 hours, 80°C for 20 minutes, then 4°C. The quantity of each
sample was then measured.

[0336] Removal of residual linear DNA from CircLigase reactions by Exonuclease digestion. First, 30 pl

of each CircLigase sample was added to a nuclease-free PCR tube, then 3 pl water, 4 yl 10x
Exonuclease Reaction Buffer (New England Biolabs Part No. B0293S), 1.5 pyl Exonuclease | (20 U/pl,
New England Biolabs Part No. M0293L), and 1.5 pl Exonuclease |1l (100 U/ul, New England Biolabs Part
No. M0206L) were added to each sample. The samples were incubated at 37°C for 45 minutes. Next,
75 mM EDTA, ph 8.0 was added to each sample and the samples were incubated at 85°C for 5 minutes,
then brought down to 4°C. The samples were then transferred to clean nuclease-free tubes. Next, 500
ul of PN buffer (supplied with QlAprep PCR Purification Kits) was added to each tube, mixed and the
samples were applied to QlAprep Miniprep columns (Qiagen Part No. 28106) in 2 ml collection tubes and
centrifuged for 1 minute at 14,000 rpm. The flow through was discarded, and 0.75 ml PE buffer (supplied
with QlAprep PCR Purification Kits) was added to each column, and the column was centrifuged for an
additional 1 minute. Again the flow through was discarded. The column was transferred to a fresh tube

and 40 pl of EB buffer (supplied with QlAprep PCR Purification Kits) was added. The columns were spun
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[ 0349] The present specification provides a conplete description of the

nmet hodol ogi es, systens and/or structures and uses thereof in exanple
aspects ovOp¥/(5pB8ent | y- descri bed technol ogy. Al t houghPCaAIS208/08¥pect s of
this technol ogy have been descri bed above with a certain degree of
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ski |l | edndmddigreart coul d make nuner ous alterations to the di scl osed aspects
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I nher entdter, hdos shizBRedtidyyBuffhie(NewdEnghdBiglkagRart Nd. BEB69SYWand 1 pl primer (2 uM))
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above scription a own I n he aCCOﬁP Eq raW| n
i nter pr"é?'@!@gé@x (1f MLivaterat P aRIPS Redctipnayfiet (Newr ”é@ﬁ‘é@'?@ Saﬁ%rt Be- @Oﬁ@ﬁs)lﬁ%n ting
t 0 t he gnTPGelk (PSMiNg oﬁdfa@M\ﬂATFUIaIbH!BSdCDﬂhﬁhﬁ\MTﬂe) §hce@8 pifph2ODINAEpolARER { 10U/,

expr esglay, I?nrg%ngg]tola%n}sagﬁn%&%b?)t) WLl Weach B! gesk, %gﬁé[rgthg‘rq e epe%ra‘?' ly

gl ven iInte ure values or percentages w 0 any
Conver S0RTor 12k modtenr Ereupss wsre the Teoaiasgatith THERTA! pH AE W@aa@deém gach

conmponeimpRl Th&lguamtits bildile dESerdBR rébitLRDh pﬂae&ct ahs @aslmestRigessl y i ncor porat ed
di sol odpfe) el Tl Gl “RERIne AispRF s pRBE VAT Carfimine dhe Fiaubr ber i+
pur pos é¥\Bs@rrargeessedbydertkag lat elor ptnityic Toe BNHERyerlosuspedeedvin ampligon diiperr buffag f r om
the bagp 8x sm.@grﬁégcﬁorpéuﬁteh@qewaﬁgsﬁu B.Bssshml @&Bo@égs%ﬂﬁd nﬁqmlemmhaq 0l Ly ng

cl ai ns. cla 1. of determning the
i dent i f"?E%{‘rsldB‘H'OB? W%{eﬂj‘?e&'”tﬂ!ﬁ??%‘aﬁalfﬁﬂs'gﬁ agd H&'fbé‘@fjlab?lo FAYi30iMMEsE T8et ar get
sequendiewsloppwersitrey waspddurithl biuffer 20 a ghetbe sdlut@n cpraisining tosdiffsent danaeih Haaner

conpri Sdr(ﬂgs labeled with Cy5, Texas Red, FITC or Cy3 was added to each lane. The flow slides were

transferred to a hot block pre-heated to 30°C and incubated at 30°C for 30 minutes. The flow slides were

then imaged using Imager 3.2.1.0 software. The quantity of circle dependent replication product was then

measured.

Example 2: _Single and Double c-PAL

[0339] Different lengths of fully degenerate second anchor probes were tested in a two anchor probe
detection system. The combinations used were: 1) standard one anchor ligation using an anchor that
binds to the adaptor adjacent to the target nucleic acid and a 9-mer sequencing probe, reading at
position 4 from the adaptor 2) two anchor ligation using the same first anchor and a second anchor
comprising a degenerate five-mer and a 9-mer sequencing probe, reading at position 9 from the adaptor;
3) two anchor ligation using the same first anchor and a second anchor comprising a degenerate six-mer
and a 9-mer sequencing probe, reading at position 10 from the adaptor; and 4) two anchor ligation using
the same first anchor and a second anchor comprising a degenerate eight-mer and a 9-mer sequencing
probe, reading at position 12 from the adaptor. 1 pM of a first anchor probe and 6 pM of a degenerate
second anchor probe were combined with T4 DNA ligase in a ligase reaction buffer and applied to the
surface of the reaction slide for 30 minutes, after which time the unreacted probes and reagents were
washed from the slide. A second reaction mix containing ligase and fluorescent probes of the type 5 FI-
NNNNNBNNN or 5° FI-NNBNNNNNN 5 FI-NNNBNNNNN 5 FI-NNNNBNNNN was introduced. Fl
represents one of four fluorophores, N represents any one of the four bases A, G, C, or T introduced at
random, and B represents one of the four bases A, G, C, or T specifically associated with the
fluorophore. After ligation for 1 hr the unreacted probes and reagents were washed from the slide and

the fluorescence associated with each DNA target was assayed.

73
DB2/20900556.1



a)providing a plurality of nucleic acid constructs, wherein each nucleic
acid construct conprises a plurality of nononers and each nononer
conpri sesWO 2009/(g633Br st target domain of said target seqBREMAS2U8M0PTHEI ng a
first set of target detection positions; and ii) a first adaptor
conpr i dP3§] drigusmehdamanpirates signaliniensifies msrgciatefl it the glifieteot lepativdrgenerate seepnd
ang hor atiqbﬁcﬁproﬁéshwﬂ{el Qstz,ﬂnagv.ta .rﬁ&@m@ade%%aﬂ@ with f{ﬁﬁr@age@ sacoﬁ@gh@ep&o@éib@gi@nt to
and contl guou anch I’ e
ot y SR P Al SP I afi et tES B Br e S EORA RRBRE e B DRl be
| i gat edset@dtahdwhy)brstldgemhtéd neasonatn@ﬁt@lcorpss tixegh thelvpdr 100ead.ng one, two, or
three aggyi m@%heéteﬁm;us%metaqcﬁohsmg@h%ad SROHE RS, WRBE refhBa fsi T St
target domain and the sit ay di zati on of the_ second anchor probe;
illustrated in Figures 29 and 30 The st ndard anchor and degenerate five-mer were both used with a 9-
mer sequencing probe to read positions 4 and 9 from the adaptor, respectively. Although the intensity
levels differed more in the two anchor probe method, both the standard one anchor method and the two
anchor probe methods at both times demonstrated comparable fit scores, each being over 0.8.

[0342] Effect of degenerate second anchor probe length on intensity and fit score: Different

combinations of first and second anchor probes with varying second anchor probe length and
composition were used to compare the effect of the degenerate anchor probe on signal intensity and fit
score when used to identify a base 5’ of the adaptor. Standard one anchor methods were compared to
signal intensities and fit scores using two anchor probe methods with either partially degenerate probes
having some region of complementarity to the adaptor, or fully degenerate second anchor probes.
Degenerate second anchor probes of five-mers to nine-mers were used at one concentration, and two of
these — the 6-mer and the seven-mer, were also tested at 4X concentration. Second anchor probes
comprising two nucleotides of adaptor complementarity and different lengths of degenerate nucleotides
at their 3’ end were also tested at the first concentration. Each of the reactions utilized a same set of four
sequencing probes for identification of the nucleotide present at the read position in the target nucleic
acid.
[0343] The combinations used in the experiments are as follows:
Reaction 1: 1 UM of a 12 base first anchor probe
No second anchor probe
Read position: 2nt from the adaptor end
Reaction 2: 1 UM of a 12 base first anchor probe
20 pM of 5 degenerate base second anchor probe
Read position: 7nt from the adaptor end
Reaction 3: 1 uM of a 12 base first anchor probe
20 uM of a 6 degenerate base second anchor probe
Read position: 8nt from the adaptor end
Reaction 4: 1 UM of a 12 base first anchor probe
20 uM of a 7 degenerate base second anchor probe
Read position: 9nt from the adaptor end
Reaction 5: 1 uM of a 12 base first anchor probe
20 uM of an 8 degenerate base second anchor probe
Read position: 10nt from the adaptor end
Reaction 6: 1 uM of a 12 base first anchor probe
20 uM of a 9 degenerate base second anchor probe
Read position: 11nt from the adaptor end
Reaction 7: 1 UM of a 12 base first anchor probe

80 UM of a 6 degenerate base second anchor probe
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wherein said additional anchor prone(s) are fully degenerate; e)hybridizing
at least a first sequencing probe to said first target domain, wherein said
first sequO@MMyoPBobe conprises: i)a first probe donai RCEQAISRPI0SMHBITHREIY t O
said target donain; a unique nucleotide at a first interrogation
position; and Hi)a |abel; Utaderogionddtirondhaddeptel endsai d sequenci ng probe

hybri di zes to salpggat:t@;n@et dmbfrh 12fba§@f,,gt éﬂah&%ﬁ)b@ud eotide is conpl enentary
to a first nucleotide in s et detection positions;

tar
wherein said hybri d| zed fi raégt”'\é il dregﬁ?eé?'}%ba‘? g%‘h“aa ﬂl?ﬁBrPg%r obe, additional
anchor probe(s) and first degdesstangdnfrohehezadepthydidi di zed t o adj acent

sequences and cargdagridniggat eqj,\]'q gtgae{zt}%geh,gtgreﬁc;pp{aobgl gation product; and
fl1igating said anchor probes and said sequenci ngbqprobe to forma Erobe

| i gation product; and then 2(9)%956@%@“8%‘1 BNBPOWELY {9 IRIPBTIAI PERRTCT 2 (P eby
i dentifying said first nucltaesds)de.

Read position: 6nt from the adaptor end

Reaction 10: 1 pyM of a 12 base first anchor probe
20 pM of a 7nt second anchor probe (5 degenerate bases - 2 known
bases)
Read position: 7nt from the adaptor end

Reaction 11: 1 uyM of a 12 base first anchor probe
20 pM of an 8nt second anchor probe (6 degenerate bases - 2 known
bases)

Read position: 8nt from the adaptor end

[0344] Figures 31 and 32 illustrate the results of the different combinations of anchor probes and
sequencing probes. The length of the degenerate second anchor probe was shown to be best using a
six-mer, whether it was completely degenerate or partially degenerate. The signal intensities using a
fully degenerate six-mer at a higher concentration showed signal intensities similar to that of the partially
degenerate six-mer (Figure 31). All data had fairly good fit scores (see Figure 32) except Reaction 6
using the longest of the second anchors, which also displayed the lowest intensity scores of the reactions
performed (Figure 31).

[0345] Effect of first anchor probe length on intensity and fit score: Different combinations of first and

second anchor probes with varying first anchor probe length were used to compare the effect of the first
anchor probe length on signal intensity and fit score when used to identify a base 3’ of the adaptor.
Standard one anchor methods were compared to signal intensities and fit scores using two anchor probe
methods with either partially degenerate probes having some region of complementarity to the adaptor,
or fully degenerate second anchor probes. Each of the reactions utilized a same set of four sequencing
probes for identification of the nucleotide present at the read position in the target nucleic acid. The
combinations used in the experiment are as follows:
Reaction 1: 1 UM of a 12 base first anchor probe
No second anchor probe
Read position: 5nt from the adaptor end
Reaction 2: 1 UM of a 12 base first anchor probe
20 uPM of 5 degenerate base second anchor probe
Read position: 10nt from the adaptor end
Reaction 3: 1 uM of a 10 base first anchor probe
20 pM of a 7nt second anchor probe (5 degenerate bases - 2 known
bases)
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Read position: 10nt from the adaptor end

Reaction 4: 1 uM of a 13 base first anchor probe
20 uM of a 7 degenerate base second anchor probe
Read position: 12nt from the adaptor end

Reaction 5: 1 uM of a 12 base first anchor probe
20 PM of an 7 degenerate base second anchor probe
Read position: 12nt from the adaptor end

Reaction 6: 1 uM of a 11 base first anchor probe
20 PM of a 7 degenerate base second anchor probe
Read position: 12nt from the adaptor end

Reaction 7: 1 uM of a 10 base first anchor probe
20 PM of a 7 degenerate base second anchor probe
Read position: 12nt from the adaptor end

Reaction 8: 1 uM of a 9 base first anchor probe
80 MM of a 7 degenerate base second anchor probe

Read position: 12nt from the adaptor end

[0346] The signal intensity (Figure 33) and fit scores (Figure 34) observed show an optimum intensity
resulting from use of the longer first anchor probes, which in part may be due to the greater meting
temperature the longer probes provide to the combined anchor probe.

[0347] Effect of kinase incubations on intensity and fit score using two anchor primer methods: The

reactions as described above were performed at different temperatures using 1 yM of a 10 base first
anchor probe, 20 yM of a 7-mer second anchor probe, and sequencing probe with the structure Fluor-
NNNNBNNNN to read position 10 from the adaptor in the presence of a kinase at 1Unit/ml for a period of
three days. A reaction with a 15-mer first anchor and the sequencing probe served as a positive control.
Results are as shown in Figures 35 and 36. Although the kinase did have an effect on signal intensities
as compared to the control, the range did not change from 4°C to 37°C, and fit scores remained
equivalent with the control. The temperature at which the kinase incubation did have an impact is 42°C,
which also displayed a poor fit with the data.

[0348] The minimum time needed to kinase was then examined using the same probes and conditions
as described above. As shown in Figures 37 and 38, kinase incubation of five minutes or above resulting
in effectively equivalent signal intensities and fit score.

[0349] The present specification provides a complete description of the methodologies, systems and/or
structures and uses thereof in example aspects of the presently-described technology. Although various
aspects of this technology have been described above with a certain degree of particularity, or with
reference to one or more individual aspects, those skilled in the art could make numerous alterations to
the disclosed aspects without departing from the spirit or scope of the technology hereof. Since many
aspects can be made without departing from the spirit and scope of the presently described technology,
the appropriate scope resides in the claims hereinafter appended. Other aspects are therefore
contemplated. Furthermore, it should be understood that any operations may be performed in any order,

unless explicitly claimed otherwise or a specific order is inherently necessitated by the claim language. It
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is intended that all matter contained in the above description and shown in the accompanying drawings
shall be interpreted as illustrative only of particular aspects and are not limiting to the embodiments
shown. Unless otherwise clear from the context or expressly stated, any concentration values provided
herein are generally given in terms of admixture values or percentages without regard to any conversion
that occurs upon or following addition of the particular component of the mixture. To the extent not
already expressly incorporated herein, all published references and patent documents referred to in this
disclosure are incorporated herein by reference in their entirety for all purposes. Changes in detail or
structure may be made without departing from the basic elements of the present technology as defined in

the following claims.
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CLAIMS

What is claimed is:

1. A method of determining the identification of a first nucleotide at a detection position of a target
sequence comprising a plurality of detection positions, said method comprising:

a) providing a plurality of nucleic acid constructs, wherein each nucleic acid construct
comprises a plurality of monomers and each monomer comprises:

i) a first target domain of said target sequence comprising a first set of target
detection positions; and

i) a first adaptor comprising an anchor site;
b) hybridizing a first anchor probe to said anchor site;
c) hybridizing a second anchor probe to a sequence adjacent to and contiguous with

the anchor site, wherein the second anchor probe is partly or entirely degenerate and the
hybridized second anchor probe can be ligated to the hybridized first anchor probe;

d) hybridizing one, two, or three additional anchor probes to the target sequence
between the first target domain and the site of hybridization of the second anchor probe;

wherein said additional anchor probe(s) are fully degenerate;

e) hybridizing at least a first sequencing probe to said first target domain, wherein said
first sequencing probe comprises:

i) a first probe domain complementary to said target domain;
ii) a unique nucleotide at a first interrogation position; and
iii) a label;

under conditions wherein said sequencing probe hybridizes to said target domain if said
unique nucleotide is complementary to a first nucleotide in said first set of target detection
positions; wherein said hybridized first anchor probe, second anchor probe, additional
anchor probe(s) and first sequencing probe are hybridized to adjacent sequences and can be
ligated together to form a ligation product; and

f) ligating said anchor probes and said sequencing probe to form a probe ligation
product; and then

g) detecting said probe ligation product thereby identifying said first nucleotide.
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