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Certified copies of the priority documents have been received. 
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application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 
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1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

DETAILED ACTION 

Election/Restrictions 

2. Applicant's election with traverse of Group I ( claims 1-20; species A, E and G) in the 

reply filed on March 6, 2015 is acknowledged. The traversal is on the ground(s) that: 

"The Office alleges there would be a serious search and/or examination burden if 

restriction were not required because each group alleged requires distinct and non-coextensive 

search queries. Applicant respectfully disagrees. The claim in Group II is directed to a kit 

comprising the adaptor recited in Group I. Accordingly, it would not be an undue burden for the 

Office to search and examine the claim in Group II along with Group I." 

Applicant did not argue the election of species. 

Since the art used for rejection of claims of Group I teaches the kit of Group II, both 

groups are examined together. 

3. Claims 4-6 and 8 are withdrawn from further consideration pursuant to 37 CPR l.142(b), 

as being drawn to a nonelected species, there being no allowable generic or linking claim. 

Applicant timely traversed the restriction (election) requirement in the reply filed on March 6, 

2015. 

4. Claims 1-3, 7 and 9-21 will be examined. 
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Information Disclosure Statement 

5. The information disclosure statement (IDS) submitted on December 4, 2014 is in 

compliance with the provisions of 37 CPR 1.97. Accordingly, the information disclosure 

statement is being considered by the examiner. 

Page 3 

6. The information disclosure statement (IDS) submitted on March 31, 2015 was filed after 

the mailing date of the Restriction/Election requirement on January 7, 2015. The submission is 

in compliance with the provisions of 37 CPR 1.97. Accordingly, the information disclosure 

statement is being considered by the examiner. 

Claim Interpretation 

7. Applicant defined the term "adaptor" in paragraph [0027] as follows: 

"An adapter refers to an oligonucleotide sequence, the ligation of which to a target 

polynucleotide or a target polynucleotide strand of interest enables the generation of 

amplification-ready products of the target polynucleotide or the target polynucleotide strand of 

interest." 

Therefore, since any oligonucleotide can perform such function, any oligonucleotide is 

considered to anticipate this term. 

8. Applicant defined the term "identifier site" in paragraph [0030] as follows: 

"An identifier site is a nucleic acid sequence that comprises random bases and is used to 

identify duplicate sequencing reads." 
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9. Applicant did not define the term "indexing site", therefore it is considered to be any 

sequence. 

10. Applicant defined the term "universal primer" in paragraph [0035] as follows: 

"A universal primer is a primer that can be used for amplifying a number of different 

sequences." 

11. There is no requirement in the claims for the indexing primer binding site, indexing site, 

identifier site and target sequence primer binding site to have different sequences, in other words, 

target sequence binding site could be the identifier site. 

12. Applicant did not define the term "kit", therefore any plurality of claimed 

oligonucleotides is considered to anticipate this term. 

Claim Rejections - 35 USC§ 101 

13. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

14. Claim 21 is rejected under 35 U.S.C. 101 because the claimed invention is directed to a 

judicial exception (i.e., a law of nature, a natural phenomenon, or an abstract idea) without 

significantly more. Claim(s) 21 is directed to a plurality of adaptors, i.e., nucleic acid sequences, 

comprising an indexing primer binding site, an indexing site, an identifier site and a target 

sequencing binding site. No specific sequences are claimed; therefore the claim is drawn to a 

plurality of oligonucleotides which have corresponding sequences occurring in nature. The 
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claim(s) does/do not include additional elements that are sufficient to amount to significantly 

more than the judicial exception because no other structural elements are claimed. 

In conclusion, claim 21 is not patent eligible under 35 U.S.C. 101. 

Claim Rejections - 35 USC§ 102 

15. In the event the determination of the status of the application as subject to AIA 35 U.S.C. 

102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the 

statutory basis for the rejection will not be considered a new ground of rejection if the prior art 

relied upon, and the rationale supporting the rejection, would be the same under either status. 

16. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(l) the claimed invention was patented, described in a printed publication, or in public use, on sale or 
otherwise available to the public before the effective filing date of the claimed invention. 

17. Claim 21 is rejected under 35 U.S.C. 102(a)(l) as being anticipated by Grothues et al. 

(Nucl. Acids Res., vol. 21, pp. 1321-1322, 1993). 

Regarding claim 21, Grothues et al. teach a plurality of tagged random primers(= 

adaptors) containing 9-15 bp random 3' part and a 17 bp constant sequence at the 5' end (page 

1321, second paragraph). Therefore, the primers of Grothues et al. contain an indexing primer 

binding site, an indexing site (both contained in the 5' constant sequence), and an identifier site 

with random bases which is also a target binding site. 

18. Claim 21 is rejected under 35 U.S.C. 102(a)(l) as being anticipated by McCloskey et al. 

(Biochem. Genet., vol. 45, pp. 761-767, 2007). 
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Regarding claim 21, McCloskey et al. teach plurality of randomly-barcoded 

oligonucleotides (= adaptors) containing, from the 3' end, a target-specific sequence, batch­

stamp sequence, random 7 bp barcode (= identifier), another primer binding site and another 

sequence (Fig. 1). Therefore, the oligonucleotides of McCloskey et al. contain an indexing 

primer binding site, an indexing site, an identifier site with random bases which is also a target 

binding site. 

Claim Rejections - 35 USC§ 103 

19. In the event the determination of the status of the application as subject to AIA 35 U.S.C. 

102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the 

statutory basis for the rejection will not be considered a new ground of rejection if the prior art 

relied upon, and the rationale supporting the rejection, would be the same under either status. 

20. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not 
identically disclosed as set forth in section 102 of this title, if the differences between the claimed 
invention and the prior art are such that the claimed invention as a whole would have been obvious 
before the effective filing date of the claimed invention to a person having ordinary skill in the art to 
which the claimed invention pertains. Patentability shall not be negated by the manner in which the 
invention was made. 

21. Claims 1-3, 7 and 9-20 are rejected under 35 U.S.C. 103 as being unpatentable over 

Samuels et al. (US 2012/0220494 Al; filed February 16, 2012 and published August 30, 2012) 

and McCloskey et al. (Biochem. Genet., vol. 45, pp. 761-767, 2007). 

A) Regarding claims 1 and 7, Samuels et al. teach a method for detecting a duplicate 

sequencing read from a population of sample sequencing reads comprising: 
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a) ligating an adaptor to a 5' end of each nucleic acid fragment of a plurality of 

nucleic acid fragments from one or more samples, wherein the adaptor comprises: 

(i) an indexing primer binding site; 

(ii) an indexing site; 

(iii) an identifier site; and 

Page 7 

(iv) a target sequence primer binding site (page 14, [0205]; page 15, [0209], [0212], 

[0216]-[0217]; Fig. 6; page 16, [0231]-[0232]; page 17, [0232]-[0235]; page 16/17, [0245]; 

where the adaptors have an indexing primer binding site, an indexing site, an identifier site and a 

target sequence primer binding site); 

b) amplifying the adapter-nucleic acid fragment ligated products (page 22, [0288]-[0289]; 

page 25, [0326]-[0327]); 

c) generating a population of sequencing reads from amplified adapter-nucleic acid 

fragment ligated products (page 25, [0326]-[0328]; page 26, [0328]-[0337]; and 

d) detecting the population of sequencing reads comprising a sequencing read with a 

duplicate identifier site and target sequence (page 26/27, [0328]; page 27, [0339]-[0341]; Fig. 43 

and 44; where sequencing errors due to PCR are detected). 

Regarding claim 3, Samuels et al. teach sequencing the identifier site with the indexing 

site (Fig. 43; page 27, [0339]-[0341]). 

Regarding claim 9, Samuels et al. teach barcoding multiple samples (page 6, [0122]; page 

14, [0202]). 

Regarding claims 13 and 14, Samuels et al. teach DNA and RNA fragments, and 

genomic DNA (page 2, [0017]). 
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Regarding claim 19, Samuels et al. teach indexing primer site being a universal primer 

site (page 15, [0216]). 

Regarding claim 20, Samuels et al. teach target sequence binding site being a universal 

binding site (page 15, [0216]). 

B) Samuels et al. teach detection of PCR-introduced errors in sequencing, but do not 

specifically teach detecting duplicate sequencing reads. 

C) Regarding claim 1, McCloskey et al. teach attaching an adaptor containing an 

indexing primer binding site, an indexing site, an identifier site and a target sequence binding site 

to genomic DNA by amplification, PCR-amplifying the resulting construct and sequencing (Fig. 

l; page 762, paragraphs 3-5; page 763; page 764, paragraphs 1-4). 

Regarding claims 1, 2 and 10-12, McCloskey et al. teach sequencing the PCR products 

containing the adapter sequences, grouping the sequencing reads based on the batch stamp and 

barcode and detecting and removing duplicate reads (page 766, fourth and fifth paragraphs). 

Regarding claims 15 and 16, McCloskey et al. teach indexing site between six and eight 

bp (page 764, second paragraph). 

It would have been prima facie obvious to one of ordinary skill in the art at the time of 

the invention to have used the batch-stamp and barcode-encoded oligonucleotides as suggested 

by McCloskey et al. in the method of Samuels et al. to eliminate PCR-originating artefacts. As 

stated by McCloskey et al. (Abstract): 
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"Polymerase chain reaction (PCR) has become the mainstay of DNA sequence analysis. 

Yet there is always uncertainty concerning the source of the template DNA that gave rise to a 

particular PCR product. The risks of contamination, biased amplification, and product 

redundancy are especially high when limited amounts of template DNA are used. We have 

developed and applied molecular encoding principles to solve this source-uncertainty problem 

for DNA sequences generated by standard PCR. Batch-stamps specify the date and sample 

identity, and barcodes detect template redundancy. Our approach thus enables classification of 

each PCR-derived sequence as valid, contaminant, or redundant, and provides a measure of 

sequence diversity. We recommend that batch-stamps and barcodes be used when amplifying 

irreplaceable DNAs and cDNAs available for forensic, clinical, single cell, and ancient DNA 

analyses." 

22. No claims are allowed. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to TERESA E. STRZELECKA whose telephone number is 

(571)272-0789. The examiner can normally be reached on M-F (8:30-5:30). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Gary Benzion can be reached on (571) 272-0782. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/TERESA E STRZELECKA/ 
Primary Examiner, Art Unit 1637 
May 15, 2015 

TERESA E STRZELECKA 
Primary Examiner 
Art Unit 1637 
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fH{Hl1l 

;;;_.g., ding11<.1Stks, epidciniok)gy, 

tr1d1ni:.i!og1<.~t, _c<.itrirnoilly••l.nvoh<::, sequf.ncl.ng•<rf short 

mlit.atinn\t tht}/ an~ al$<.) ,1;,;i,{Kiat,;-xl .whh certain lirtdtMk1tlit 

t>:ampl-::i, NGS tdnbc nstd to scqr1cnc;;; gcnom;;;s or gcm.nnic regfous <rfdipioid orgnnisms. A 

d,,r(mm~oTn,e pair <.\)mpri.s(i~ a maternal chrornosonic and a patcrniil d1rornni,<.m1t. 

exarnpk,. a diploid organi$rn ,n!·i,-,·r;'-nt m,:iJern,:11 ufk~lc 

d,,n:miQtKl•rn,c,-; <.lf a ct,n:m1l>Bf1•1111t NG$ plntl'brmsm\~ lt¼cfbi fbr 

ddccting .. 1.lklt'.S.<1ta plun.llity of !od, they cwTtnt!y dn nQtpr<.rd{lc phasing '-md/nr hapkr!ypt 

p,ktkuhr chn>m<.)sorne1Jr;;;, ct)•Jo-z:,:r!{:d (HJ•d1c sarn0 chrumt)Born;:-~ <.tr mvlo,'M,)d on scparatt 

chrotnoso,:nc.s in ff chronwsornc pnir. f.ktcnnining whether d phrraHty· (ifaHelcs. ,ire CQ• 

k;i.:::att.-:d on the sanw ()rrnt0tn~i1 <w pattrmH) thronwsww.c'. ot ar;;;•locatcd <Hi diHt1rr.'.t1t 

chrnn11:1M.lmcs fax ii v,trlrn'y of n.:\lihU$, <1s dbrnJ$&Cdfmthcr bdov>', 

!lH.HUJ Thcpaw.wn <.)faHc.ks \vithin carh individual z:hron1Qsomt i;.:@ be rcfbrrcd tow:; 

foi.plotypc_ ffoptntyping can lrn.vc 

1\\\) inactivMing.1rnHntim1s i<c1tiss diffonmt loci within. a•:;;inglc gene mi.ght b;>nf liHlc or no 

cmisequcnce ifprN,cnt on tlx~ ,,,1me individtm! chrnrn{);,;orn;:-, {Le .. c,hi'<mm:,,mn,~ of dtlwr 

nwi\~nwJ or pattrnaI origin}, tx::cin1s;:-: the, nthcr copy of th(~ gcnf product wiU rnnrnin 

functkmt!l .-

tl1l~ gt~ne prtJth.rc(~ vi;d1bth. can:rcsnJt in a nt)fatafiv{~ · ph.cn{tlyp{~. (n.on ...... v_fatbilily\ in.rreas~~d 

disease and others). tfopiotyping can aho be used h).pn;dkt risk or susceptibility 
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'"-'··"'·--''". dise,rne,,.,, as many g;cndk: ,t:~sodutfons .<ire ti,z.:d to !wp!ntypcs. For cxarnpfr.\ tht 

v,1rious !:w.pkitflK~i, i>f the hunrnn ltukocyk~ untigzm.{HL/\) sysN.~m nm be as1,,ociat;:,:d. with 

gcnctk> di~<:~asc:.s 1\:;.ngh1g. • Ji(n11 • auto}n1rn1n1(:: ,Hs<:~_ttsc t<) t~:~n1tcr~t 

bt)t\vecn. font:tionui g,;.!nes and thz~irw.m-frmcbonuLpseudngtnc•m)unterpar!s ,vithinth(\ 

g(~no:rn.c.. (Jilt \.;/cill .k:not\Jl f\~nctit)n.aJ 1~<.~rt~~/)1sz~ud.(\g\~nz~ p:iit :is th.t. g{~:nts S:N.tNJ -and. :S-.\-lN 2~ 

midct:itklc difftrnnt:z~Sn.:mdcr~ tht.,S\lN2gcnc ,!lrnoM coniplch.Jy non-funcfo.ii1:1l. 

short rod ,wqucncing, a :mutHtion rnay twfound in one ofthe•hvo §/~ne\" hut un!css tht 

mutation happens to (K:cnr "vfrhin the sequencing nwd that afao covers one of the knos,vn 

nnth:Nidc difference:,. between SK:lNl andS¾-{N2, it wiH bc•diffi.cuJttokrrow which of the 

vari.~bk DNA s-:;~qu~::ncc (polymnr phis.ms ctf.} inten,pcrsed ·within rcgkms of clJnscr,,.ed DN/\ 

s0q1wncc. i\s sigid ficant bk.itk~ uf ctnrs◊n/<.'.d M:qucncc tun he hrkrspmsed hctw;;.~en the 

·v,u-ia"bk regions, shnn' n~ad scqtWIKing d1.ws not knd itsdf tu·phasing m:ml:c/sis. Althwgh 

rncthodshHt·c been do/{:lnpedto ,,bttin p!wslng foform,Jti{Jn, thcs-:;: methods {frir cx,rmpk, 

SangcrS('.qucneing and suhdoning),, cs:m hc.lnbor imcibh'Z' and/z)rc,,sH::/. 

fU{Hl6l 
n:,z:thods•tmn prz,vkk H highlyparatkl•·platfrwm fbr pcd'hn:ning n:mitipkstqtwncing n:,action$ 

fr-om the same immobilized t-:;~mpltit-:;~s, \,fothods described herdn fulfill this need. 

(00071 

m.ideic acidsequcnccs in il sample. Specifically, in ow.: mc;pect n1ethods and 1Zzm1positions jrc 

pn:rvidcd tl:w.t can allow for determining \Vhcthcrt\voorrnorc nuckk 

(typicaHy coinpdsing rcg:h:ms c,fscqncncc v,,,n;:itn:inJ ani located 011 the same mKkk acid 

ternph.tte, i-':'ht1i-n-H>so1m\ or chn.Hm\~nmal frngnmnt The nHNhodsuml••cnrnpo,..,itions dis .. :kw;;.:d 

hen.in can also be.used to distinguish and diHzTtntiawhet-;,v-:;x:n tvvo dos,::l:;,· rdafod n\.idck 

stqucnces by <.'t1mpU ing nnd al igni11g data frotn seq n-:;~ntfol scquendngxca,:b .. 

[0008! Tht methods, kit_;;;, ,md <:nrni,x1-sitirnw dtstnkit{'i htrdn <.\tn mnployM:qncnhal p,drcd 

sc{p.ic,ncing niads from t!w :-,;anw immobilized nuddc acid ,\~rnplatc. Jfa: n:ads can be 

gf:ncrat(:,.:! by.r:;1xccessivc 111und~, ,)f primingi scqt,encing, dcnHturing and ix.:priming, .and th<: 
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fiJtHl9! 

&<xrurncing of 

acid Uhtary; 

&cqucncing 
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nudek udd Libre.tr:_.,.': repeating ,\Nip.;,, C} ,Jnd. d}us needed: and l'}<:::tvrrpiUng st~quencing dut;i 

frnm the s1.1:ct:\::§srv,t sziqucncing n:~a(.b to diJTbvntiati.:.- hch"i(lt~n rlosdy rdat(Xl nuckir mtkl 

indnde nlageins, t!nzym<~s m1d plmforms foramp!ificatinn '-md sc,--Fwm:ing ufnnclci;;- acid::;. 

ln onccmbcidiim.rnt, a is pn/vkkd comprising; a} .an afkrptnr or s(:vcn:d il.daptors, h) one: or 

in1>1rt r1foligotmcki:.itkk~ pdmct~, and <.'} t'<'Jg<xlls frit ,nrip!ific~t!fr1n. ln ~nKithtr t'.mb1':.<tlirn<.>nt, 

the kh ftirthtrH)HlflY!SC;',; reagents Jhr iK~quenting. },.kit tm.l im:-lmfo.(n.structions fix 

C:reatiHg .a In1clel6 acid lfbrary \.\4H.:rcirt it, H}rfrplat~} iS in1rnobiHz~d: nrllCsolid .Support; _{}J) 

gcrH}ta.ting: .a fh~st s,~quencin1;: rtati f!"on~t fn:irnnbiliz{~d fi~n1J1latc \:Vith ;:1 .first 

tcnnimd mwkotidcofthc fir;,t o!igotuwlcoth.k prinwr 

bindingsik in HK'.•tcinp!atc; (cJ denatudngthe first. ;.;cqucnc.ingread fn:.u-n.the innnohilbcd 

tcmplaw;{d) annealing i1 SC{'ond oligorn.n::'iz:otitkpdmtr that is complmn.,~nw.ry to i1 n::gion \w 

rc:gion5 \Vith:inthe in:u-nobUizz::d template, tvhcn:frn a3' terminal micl(x1tidt second 

oLigomidcoUdcririmtrbind;,; tc, .a sc<.\"Jnc! bindingsifc in tht template that is 1nt.1f<:'. nt 

avi·ay fn.xm tlH} firnt hindingsik. in th(~. tcrnpbte; (t) gem~n1ting a s,~cond seqw,:.mc1ng. mad ,vith 

tlK: second 9jigonucl;::c,t\(.k: prirnrr; and (t) cornpding data fron1 

th~t- s-C(\)JJ:d. .s~z1ucnt~h1g ·tcad- to- Jin:~p rf~ad:s:-(Jd.giita.ting:• :n~orn·•thc t<:~n1:plHt"<:\ Ln: .sornc 

cmbodfrncnt\ the nucleic ,:idd Ubrnrics • arc gcncruwd frnrn • ,imp! i,:xms. ln ~mnc 

embodim<.int5, tk amplico:ns rnmpdsc, (•Onscn,(~dn.:gions which flank a·variablr rrgkm. fo 

somc·cmbodin:K:nts, alignment of muJtipk ,·arfableiegions c:nublcs diffcrcntiatkm and/or 

typhlg of rdat<.'d tran.:-;cripts. ln so,nc crnbodlrnents, hllgnrncnt C\fmuldpk \'nrfablc n.::gforrn 

sornr:: c:mbodiments,. dw rc:ducc-d • compiexity is ,Khks,·c:d 

by target cntichmcnt, ln &QffH> cmhodimNtb., tfo:.' nuckk arid librn.ry (:•oinprists cJo;,;;.~ly 

dircctfr.nrnl m.u::kk ,1dd library, 

dii\:~zJinnaJ n.uc:Jci:e· gcid • Jibrnry~ 

f0ffi5! 
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tennfo,d nwdentfr.fo ,::vhid1 anneals to.,~ firnt binding siw int!i,1 ,~t l<mi'S one 

rn.H;clck acid icrnplHic, ·whtirdn t!i{i fin;t n:n.md of scqtKn,i.ng produces ,i .first.scqtKmcing n.:ad 

mJddc tKid template::(() n:irnzn.ing ,mid first anncakd ~cqucnttng prin:101: 

and.~~a.id. Jirst sczJuCHciag-read: fn)rn ~rtid #tJ¢a\tnn.e flu.cltic::a,·:fd-tyrnplate;.a.nd {d)snl?Jt.~.c.ting 

,,;cqni.:~ncing primer, whrrcin t.!1,;: si.:XJ)nd srquen.dngprirncr {:ccrrn;n11,,;cs 

which•.annfds tr.i K sccm1d binding i:>it<: lnthc at least imc nw.:-ld<., add t,trnpfotc which b HKin:; 

flrnn 5•1n Hway fr(rrn tht~firsi hinding site, w}kr;;.~in thcsect)nd round Df.;,cqumKingpmdmx.\~, a 

sct;zl~).d:-St:q_u{~ncin1ri~~ad of the ~rt h~Hs±.one nutJcit~:·i~cid tc:trl11l~fh>~ 

rntuld of sequencing cnn1pds(fa l,cquctu::ing by iiynthosi.s. ln sonw cn)bodirncrtt~,, tbc first 

and/or thf:M.l(:Und round ufscqU<:.!HCing cornpri:;;e,-; St~qurncingby Ligation. In ,'-<Ome 

cmbodinwnts, thcconpfrng cqmp6.,;cs con}ug,1tingtfo:: ,11 nudtic tcrnphltc 

solid support of the scq1Kmcing pkrt!brm. z,mbodimcnts, the solid·snpport ,,,-,ni,i~i·1s:,,s2 

tc:n\pJatt :Ct):tiipri~~~s iu1 ~daptorotigQnuc](~Jtid-c fi.gah~zt to on.c or ·bothc:·p.ds {1f the arJ~)a&t on<~ 

n ud.t ic add tz,mphtit\ Jn l"•{Jmc • crnbodhncnts, • the fin;t stqucn;:-:i:ng primer i:-; • .sdrctivdy 

sOri1(~i crnbo.din1cnt{" • tht~ .• nr~t Sdq1kt~tc.ing rca,ztt{)JJtpriscs .a first irffl)rrna:Hv(:: lr~tu-;.;; fand th.c 

scc.ondsequcndngrcad cornpris<> a st:cord inforrnative locus. In son:w \::r.nbodirnen%, the 

niethod c6rnprist~~ dttCt1J1ining • that a first ancte tletected. at tht~ :first ih fOrn:1;:itivt: h)cus <and. a. 

scquzmdng r<;?.,d kngth produced by thffirstor 

crnbodfrnc11tt the rcrnovh1g rnrnprisc~-; a dcni.mirh1g 

wund of sz,qucn<.ing. ln SQtnc 

ln 

of sctp,.utn.cin g, \'-/h-~rcin t:hc {)HC or rnorc u,J~Etiunal rotHld.;..; ::of .:iC~lU<:~llC ing :<.\Orn_prtsc 

rernft~{iJig. a llr<.t~/il)us1:_{ u1111talt~d-~eq.l1tncing• pri:n.H.:-r. {3,nd. pte~/Iott~ly gern.:-:ratc.d 

scqncncingre,.idfrom th() at foasl Qn() nndcfr:;1dd wn1plaw; (ff) i.mnca!ing•an addfrimw.! 
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i.ml'i rn.wkiz:add tc.rnphtc tu m1 additional rnnnd ofs(•qucncing u&fogthc additional 

M:'qticncing prim.tr, Uwrcby producing an addltkm,,d 0<:'qucm.'ingrcad of HK nt• k,t;;to11c 

nudck ,u::id (<:inplak, 1n ,':inrnc crnbodfrnent~, the addihorm! 1,;;;qucnth1g pdrntr ;;;on-tpriiscs ~i 

:r tcrrninal rn.KfoNfrknvhfr.'.h hybridizes it),:; hindfrig site that fa rnorn than 5 nt uwayfmni a 

binding &:itcoft.hc 3' tcnninaf rn.1dc.otidc:of t!w prc:vim.is!y annealed stquo:icing pril:nm-, ln 

ddzx:kd by !Jw s(x11nd &cqucndng r;;md,•,md-;:in <idditiona1·;:.dh:Jc ddec-kd by the Hdd.i'UnnaJ 

sc(.pwndng n}ad• are detcrrnimd tolwin pl:rnse. ln jOn:K o:nbtdirncnts, the additfrnw.l 

to gc1101nfo k.icatifinA that map tn ii singk thn.nnt),'iorfo.::. !n ~ornc cinbndinh:.,nts, th;;,: g;;,:nontk. 

lorntit>m, tha! mic\fi to H single i;;ht1tmosi.mk ~p,rn a distanct~ that i~ le% than H kmgtb of the ut 

one nuckfo add kmpbtt. ln some cmbodimtnts, th(: g,,nomic kK,Hfons thm' nmp tO a 

oiw nuddc udd terriphtte. fo :~fm10 cnibodinwnts, ffw g(:nonrit:. tocation:s that rnup u 

rhn1mnsomc :,;pm1 a distance that is kss t!rnn hvo-third.s nf th: .kngth .of th~ at kast one 

scqu<,ndn.g library, ln sr.ime emhoditncnb, the ~cquctwing libnwy is a \vholc--gcn<.nTlC 

scql.lcncing librnry. ln j(HJK O'.nbodimcnts, the ~(,qncfli;;ing hbrnry is a targ<+cnriched 

sequencing librnry. rn ,sorne embodinwnts, the scqn<.::,ncing b a dit\xtiond sz:qucnctng 

!n sonK! ,ffnbz)dimcnts, the s.cqnendng Hbrms i:,;.nnt a 

b sornc ('.mbrn.lirntrHs, HH:seq>.K'.ndng libn\ry cornprfoC$ nudcic acid fri.igtncnts of ,m ,ivcni.gc 

ln smnc cmhodimtnts, th,;..: .wcrngc length about 50 basts to abm.,t 10 kb .. 

cmbodirnrnt&, the fiJ\St, .scn>nd, and <)ptkmal ly H<.kli tk,11.,::iJ sequfncfog rctidf; • cornprlsc 

;;~dd.itk1i1al S(~.:ernc:ncfa1grc·aiJ~. ln .. ~~)n1e· &::rnbndirnents_,_ t±n:.~·Jit least on:;:~ .ntBzh:_jc:: ac-id .. ten\r:iln.te 

p hJraJHy·· of ru..1.tl,~i:r. tH?.id t\?rnp1atc~~ tn srH11c etnbod.ir:n.cnts~ the: tlt It~1st one 
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tc'.nrplaws. ln sonk einbodfrnc.nfa, the at lfast one nm:.lcfr:- m::frl knrplJW i~ ,x.iapkd to ii 

uniqw> ad,.kl'i%~1bk~ !ncation.of the :,timwncin_g pfotfhrm .. ln snme cmbmhm;;-:nts, th;;; rn.,tn:ro,ct 

comprises <X.impU ing • scqucn;dng rc,tds finm the rm.iqlK~ .addrcssa.bk kication in tr1 <.HK' d,,ita 

In sonH.~ ernbodinicnt':l,.thcrndbQJ cornprises tk'.tcrn01ining ph,rsing z)f ii plutuJity of 

a.Udcs dete;;:-ted <.:cross two or m1.>re nnfrp.K,.midi-z;-:.-:;sabk lIXi.ffknis, Jn N.mw cnibodinienN, the 

t\v(i l)t· n1orc. H.i1fqutt ttckire.s1ii:bhr locati{lrts \iH{}h • c-orn·ptisc~ t\s/o • ot·tn-t:)R~ <.h:~t.(x}t(-::d. aUelt"::S_~ 

tv,·n or rnore unique addressabk.!ocations. In son:i;;:i ernbodin1enN, ~tcp (d)ofani\.,tlnJd 

disclosed herCin comprises suh_iecting tht•m kast on.enuddcadd template to a Sf:cond round 

sCQr.tr.1:icrnQ >.t:";.ing a ini;-;;.tm\: {.if ,-;ccond soq1wncing prim;:_:rfi. JH s<:im0 cn1bodfrr11:.,nt',, nw 

mixtnrt~.of :;,c:eond sequencing prinKrs u)n:rpriscs H pair of primers, t\hen:,fo i.fof.:h prinrnr in 

primcrpair b•dz:signcd to ;,c:qucncc a forward or n:ver:sc cornpkmcnt stnmd. contHining H 

rnsorn<i cn1bodinKJn.s, rn-inK>rs within thc•rnixtm\>an>dtsign;:;'d m1.d/or 1dcctcd to 

t00l7! 

1xwnpris1::s DNA., ln . .some embodiments., lb:: template con1pri:scs RNA. ln .some 

;:'.rnbodinK'nts, l>lK or mor<, nwOKKb disdosi:.'.d Jwrein is ns;;d to provide phasing inthrmatfon 

for tvvn ttr:rn·ot:;.~ idJt~~:.t c~: sepu.11tU.ti by a (iist~n1t.e t1.f\r\\~t J 50 ,_.•"'·"',,.,,, .. ,,. '" 

b:asts_.{ ottr (\OD bas:c:~s~. ;J\?t:.r·7{J0 btt5t~S':- n,,,~rJ{nn 

over 5 kb, over JO kh, over 50 kh, over ! 00 kb, over 500 kb,.ovcr ! 000 kh{l !\-lb}, over 5 

\-lb. ovet 10 }Ab, nver 50 \lb, <rv✓r l 00 ?vfo, over 150 N-lh, ovcr200 \-llvovi:.T 250 )\-th, {>r 

n-vcJ' 300 \th, 

(l'HH8! 

tciuphxi tc, foe ;,1zkh'i:.'.s1ah!c fo✓ation to a firsnmd ,'itl@st ,i S<:\x>nd round ofscqurncfog, 

wtK,rein the first ,rnd. at hiast sc,cond munds of S(;,\'.fUtncing<u'c perforn1cd w~i.ri.g ;J firnt ;1nd 

sct::nnd•scquendng primer, rcsp1ct.ivdy; {b) using the data file, dd(:tting a•firnt dck,t#,d a.lick, 
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ph,isc based npt>n Mlid dcltcting, ln sonR'. trnbodlmcnts, the nwthi:xl fortltz'.r tontprit.,<:s: 

(d) cu::,:X.\':>sing ti sctond data fik in ixnnrmttr 1m~H".\ory that cmnprisos a plurality of M:cqw.:Hfing: 

,,;cqni.:~ncingiv,1.d,,; at;;., gcncr&tz:d byinibjzx:ting a scl:.'ond nudck ~tck!·H::mphi!<: Z:(Htpiz:d tci 

axitln.:-:f;~~ibl(r lrH)atioH· to> tlH> fir~:i .an.d · tho. -.at le:.{i.St setrH1d. rourid <Jl'.'";{cqnti1,:hlg;:((~} Using th(: 

sebd.nd da:ti .fiJe~ dcttcthiJfil fir~t cfttctt<::d tdhtl(~ ut. a ·.fi.r.~t trH:trs·6f tl1C.;:;:Gc11:t1:d_ n:l1r::Icit\tcid 

wnipbh:: and dct;:.,cting a senmd detected alldc ata sbmnd !onrn ()f the stxund nudcic add 

incorpnrnkd by 

tla.ntu·t .;:-\ :betbi~t in\dtrsturtfE:n g: :nf the -features a.:nd ad·\/Uittag(}.~ of:the p:tt~be:nt. inKt~1rhqn \Vift bt~ 

Qbt~dnz:d byrcforcnzy to the 1'hHo\:ving dcsi:::ription that sttsJonh H!ustratiw cmhodirnrnts, in 

whi,:,:.h the prindpfos nfthc fov;:'.ntfon arc utUi:a.:d, and l!K'. ~izx.'nrnpanying drnwings 

plm,,;ing infbnnatfon for a·pfom.!ity ofa!!dcs. 

p}O:Bj 

[OH24! 

fHU25! 

fUt126! 

[00271 

FlG. :2 depicts an exemplary \.vo:rkfhwv of a rndhod describ,:d hmYin. 

FlG. J depicts <tn txcrnpbry irnbodi.nrn:nt nf,1 rnttliod dc:➔tribcd bcn:frn, 
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n1atcd: pairs of S(~(JiJ{}n.cin.g r(~ads todi.ffc:rt:ntiatt:-b_(~t_P/C-lJl t\}i."H .cJost~l}' rt~l.aled·nuGlt)Jtid(~ 

M:'qHCfK\)S, SU th ,lS .a gfn ;;;/pY:udo gCJK~ pair. 

h Sh(mldbt:: tmdcrs!nud that•the descripfrt>ninrang<~Jhrrna! is.rncrdy for cnnvcnfr,M;;.,.and 

brcvi(v and sfooU! d IWt be c,.1nstrutd iiB an lnHexH:d<: Hrnitntkm on the &1::\)pC • of the• iiw~ndtH1. 

Acrnrdingly, tire d(,~<.:riptio-n ut\t rnngc ~!w,dd bi.:: t::z'Jnsidcti.::d to h,,;\\,~ i;,r}tdfically di~<.:Joscd al! 

the po~i'iihle _,,,ubrm1gc:~ us \Vdl us individ nuL nmnt~dc-aJ ,.,,,.dl,es wi thiri thit n.nigt:., .. For ex,inq,k, 

dci,,,rription ofa nmgc i§lKh as frnm l to 6 shuuldlw considGred to liavc spc:cifio1Hy disck1,c;(~d 

_fr'\Hn I to-3, from 1 w 4, from 2 i<) 4, from ,, fro-rn 3 l\J 6 

f!)030! 

bl@hcmistry 

fidd, t:.\g. -K(nllkTg and ffoker, J)tvA h: .. plication .. Sernnd Edition (\V JL 

Yqrk, 1992); Lqlming~w, BiocheHiisuy. Sz~rond Edition (\V\Jii:h .Pnhh;,;lwrs, Ni/w York 

Stra.Cha.n {:u1d ll{:ad~: 1Jurna:n 

J 999}~ lickstein:- cdh\)r~ 

'{ork, 

(Oxford 

A .nr,t't·,,,)',--,11 (JR.L Prt0S, (}xford, 1984); Sambrook; Fritsch &. \faniah.s., Mro:f(?i?Niar ,',· .. -·,,,\·.·,, "·,,';--·;t,;-· A 

1.,-w,,-,;--,·:1.t6n-'iHmur.,ar, f\nirth EdHion {2012); J. Gait, td., 1984); 

and thf Fkt. 

m.>fittltfoill>i. 

D. Harnes & S. J. Higgin.;,;, ctK, 

fO!l3 tl A.s trn;;.:d rn tfa~spccifica!ion i.md daims, the 

indndc pfoniJ rd\:::rcncc.s.unkss the rontr:::-:t ckady 

lo 

, "an.'" and 

For v,:Hrnpk, !lK: term 

plurality of pfin:Kws, including nHxturcs• th<ircof 

[0032! , "mt<b-uring' '" '\.::vHluating'', 

'\snal)ttin.g~'.t f:tn1 b(~ tis<;d intcrz~:ha.:ng:<)aJ>l:/ h.c:rein to ·1\~:ft}r tP arr~:/ fbrrn: n:f rntasux-on1>,:.~.nt::> and 

include dctcrn:iin.ing ifan ckmtrH is pn:::stnt or not These ttrms can bcluzk bQth qmmtitativc 

~nd/or .q1udh~tti\:c.dctqrn1i_natio11s. /\ss:~ssing rna:y·bc relative or t~hst}ltrt~;\ .. ~··:i\sscssh1g.thq 
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fiJ03Jl 

twt) {ff nKn'c nucfoi c acid .~cqnc1K:es arc kic.,ntd or}• Uw sarnc n rn;l,.ic acid wrnph'!:l(\ the s;_nnc 

f}u1:;:r.n.ent tif'·a-. c:hto111ntnr.n<~:: -~Jr tlH}.·su11l().· c:h1Jtrn.<J~orne. 

combinMinn ,irsct of nutki c ~tt.id sequent.cs dctzsz.~kd ,lt J plurality trf kK i whfoh ,n-Z: typkid !y 

inhcrikd as a ;,mfr und mt, linked, for cxatrtpk during u fra.n;,;!ocatfrin cv(~nt A liapkffypc can 

prff\d:d.e·· a:· distinctive gcireti(}_ :rtattctn•{) f HJ\.i!\df,;/idufa.! .. . ,•\.· haplo:tyJ1<-~- z:.i=in be. d{dt~f·:~nifH:~d (1:ne 

ofrtcornhilrntion 

that occur bfl,,.;.('('.fl ii given :'lt! of ki:ci. The nudcit acid stqtK'..nccs Hrf 1Krt hrnitcd to 

~HJY -~pet:ific typi~ and r:U:fl :include~ t,y \\_,.uy· ofCxu1n:pl~}-f1nly~ Consetvtxt gp:netit ~cqUt~n.r.e~ 

(c,g., non~vada:nt}Qr vnfrmt 

irntlcotkk: p◊lymorphisi-ris 

pl)lyimxphisms). 

short rnndcm 1\,p~:ats {STRs), 

bfi !hund in vgdons puhHtritbns 1:ind ,:hituhascs including, fbr cnn:npk, tii.t A·rcc short 

tandtrn rnpcat(STR) zfarn.lxt:-,-::\ the Hnrnan SNP Databa,:;;c, the NCBf dbi'SNP zwctaN@:;, 

Hurn.an SNPdataha,-;e, SNFT.hitabflfri}•Of !he Gern)nK Anatyf;is GrNip, and !he Lik~> 

be used hHtrdmngoah!y herein to gcnchdly r<.:'"t~x to 

havc rnoictks drnt conwin 

not ()nly the known purine and pyrimidfot btiso:,, hnt abo ot!K:r lwsts 

inudilfod. S1Kh rnodifii::,uions includct,cyhrttd nnrinc~ or pyrimidine~, ,-)~,N!·;;;.:1<,,1·,.,.,i ,n.1.urnc.:,,,, 

[OOJ7l 

typkall_y l%s than.200 rtsiducs long., most t,/mC~dlv tid:\v,ci:: .. n l5 :a,nd l no nxitkotidCs knig, but 

alMci inkndh! to oncornw.i,% l(mgcr pu!ynucknUde· thnins, Ohgonuchxitidcs tart be singk--GT 

d<n1h!e-"1tran(.kd, The terrns ''c,hguma:kotidc pn>h/' nr ''probe'\ .;1~ nsd herein, c,:i.n nd'cr lo 
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.!43487 0986); Sawfli d a\ Chern. Lott .. 805 (1984), Ldsi1tgt.'.f d aL, l /'u.n .. Chern. &.be, 

.l !{):4470fl988J; ;_md Puuwtl!set aL, Chernirn.Script;:i 26J419.l986)), phosphorotfrioutc 

19:1437 (!991); and 

A.m. Chcn1. 

mcthy!phosp!mn.Mrniditc linkugcs (sec l\:.:kstcin, Cf!ig<n1udcnlfrfos Hnd An{i!ogue:s: A 

.Prn,;tkaJ /\ppn:rnd,, Oxfhrd Univ(~rsity Pn .. :ss), and .pcptidr,.ruw!eic.add. (aJs:o n~fcrrcd to 

ln::rdn ns backbones and linkages {sec Egholm, J. A.m. Chzn11. 

lnCEd, EngL 1008 

Nature 380:107 

bw:::kboiK,s (l)cnpcy ct·a!., Proc .. NaH. AtatL S<::i, US/\ 92:6097 (l995);non--i\)nk·b;;ickborw,~, 

P~lL Nm,. ,·-"'"'""·'"<', --',''""···•''·"'''., ... ,·,,~HSU .. ,,. .. , •• ,,,:;c,.,cn., .. ,,, Kfodrnv,;c;hi d aL 

/:u,gcw. Chem, lntL Ed. English A.m. Chftn.Sot. 

O 988}; Letsinger <::t ,it, Ntwkosidc & Nuckotidc 597 (1994); C!rnptcn; 2 and 3, ASC 

Syrnposiurn Series 580, "C,u-ht)hydrHte f;.,fr:diJkadorn, • ir1 ,..\ntiMmst R.b,.cnrdf', Ed. '{, 

Sa:ngfo.,i and P. Chm (\wk: '\--lcsrnath~r Hioorganic &•Nlcdfoimil Chern, 

J. B h:,mol,;.'cnbr N i\-rR 34: Nicat1ei:ln)n 0996)) M1d 

A,ntiscnsc !:{i:s,;~,1rcn Simghui nnd P Dan Co9k, ultofwhkh m\: inrorporntcdhy 

n;.'.for,;n(x.•. Nudtk adds ,::ont,:tining <.HK'. z)rr1wn~'. <arbz)<::yclic suga.r;; ,Hcnbo included 

the definition nfnu('.!0ic adds (sec Jcakinis d aL, Che,n, Sm:: .. R¢v, 

into:rrioratcd::lry tefert~11J:.e);. S(rvQr~d 1i1~t-J-ffc i~t~id_ ~ttu.dz\gs:·1u~c described 
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JmL2" l997•pug,:, 35, hcrnby incoqKn,Hcd by rcfor,:~nC(\ "T..ockcd rn.Kldc also 

im;lud;;.-d,:vithin tlw dcfinitinn ofnuckic m:id analogs , LN.As can be a dHfiS nfmH.:idc acid 

1malognc~ in which the dhn~K' ring is "locki:.'.d" by· a rncthyk,rie bddgf <XHlfh:ictLng the 2'-0 

reference. 'fh,;.);,w rnodificatioris nf th,::: ribos<>pho&ph,Jte buckbmic can hi'., dnn;::; tt> in,reasc tlw 

!citahility ;:rnd ha.lf,frfr~ ofsuch rnoltcnJcs in physfrJlogical cnvir<)nmc:nts. For (::>rnrnplc, 

PNA.:DNA and LNA--DN/\ !rybrid"s tM1 higlk,r stability ,md tht,$ can be used in some 

spz~rificd ❖ orcrnitain poitions of both doubk stranded or iiingle stnmdcd scqucn\":'(~, f.k~pl'.foding 

on tht application,. the nuckk acids can be DNA. (including, e.g., gtnoniic DNA, 

tnhoclwndrinJ DNA., and d)NA .. }, RN/\ (including, v,g., rnRNL.-\ a.ndrRNA) r>i- ,I hybrid, 

HH:\ nucleic u6d contains ,my comhin.ution ufdfi{)X':tri°bo- mid ribo-mK.koti(fos, and any 

combination 1)f bases, ,,-,, •• ,.,,,,s;-mo 1wadL ad1:::nint, thyrninc, cytosine, guanilK\ 1no,s1n(\ 

xathnninc hyp,l)Xm1xmlnc, rn-o<:)'10:~nK\ 

gcnernHy with a 

a tctnp!Htc (:c;rn:h ,,t$ ,l targtt 

polyrmcfo(>tidc; t1ffgt~t DNA., target RN.A. N Kprimer (~Xtt~nskm pnxlnct} and is also capabk of 

promoting polymerization of il.J1olym,z:kofazk compltcn<:mtary HJ the tcn1Jllat;;.~ . .i\ prirnc:r can 

contain ,:i ni:.m--hyhridlzing ss:::.quo1ecthat eonstituti:.:s a tail of thc•pdmcr, _,<\ pdrncr can still 

hybridize to·a rnrgd tvcn (hough its scq1t<,nCc$ ,ir<, not folly t:oinrHcmcnUffy Ni the 

portion of a sequence. Thcnnmher t)fnuck:ootkks inthc•hybddi.zah!t•seqUtnce of,, spcdfk 

nHgonudt.\>th:k pdmtr can be si .. u.::h that stdngcncy cf.mditions used to hybrkh2c tht 

nl.ignnucfrx>(idc priincr can prevent c:,: C;bin-ve nmdont non-$p.tfrfic • hybridizatkin, Th0 

numbi::r ofnuckx1tiZfos in the hybridizing portion of tk o!igi:.tnudcotide primer e:~m. bt i:lt lc;-1st 

bybridizcSlu, nmndy,•;;H 

11, at krn,t 

10 or 6 to Hlx>ut 

lt:.~ii~t 15, .at km,t ahout BJ, or frnn1 about 6 tzl abzrnt 

about 200 w.idcotidt5, or Hbout 10 to ,ibout 50 mwkotid;;:$, ln 
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txists in a popufation two or more fornJS of a nuckotide or 
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, . 
,,;cqni.:~nc1ngri.:~,1cuon. 

.,14 .. 

Tecan Ex. 2021, Page 466 of 1314 
QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00026 



p:Kudogcrw, Su.ch mcthuds can b:.' uscfitf, for ,:'.xnn,pfo, for hapk)typing, SNF plrnsing, 

dd,trnrining down;,;tremn cxo.nsin•RN/\ •. ,,;eq, m1d i.n g<:notic dbgnni:lt!ti, applk,:iJfoH~, Tht 

rnrn'hz)ds, kit&and crm1pz\;,itit1ns zk.:;cribed hrn'¢in c,m utitize s(~quen!ia! .;,i~~qiwndng.ofa 

nudcir acid zc,mplaw. AHogz~ther, the p!rnsing methods d(,;c!osz:dh(>rcinpros,:frfo ,rn 

plrnsfog infbn:nMion for a p!Umhty of al!d<:'S. FlG. lA depicts a ch:romosnmc 

matermd mid pawrnnl <:;:hfonwson:w obrni,1cd from gciKnnic DNA frorn•.i 

Tht'. chwrnusonH.$ u:.nnprise .a plurality of kKi.: locus X, Y, sd1ich is localed, 

6()0 bp clc,v,..n&trcHm 

of locus Y, The nrntcrnal c:hromnson:H:•.\::ompriscs thcfolibwing lonisX 

(Xr. a!k:k G at lot m, and aHck T al focu◊ By c.JntrasL the piitcnwl 

rhrc,mnsomc c-Qmpri~cs the following H!ltks, Hlldt'. A.;1t locus X. (XA}, alkk Tat 

(YT), am:Lalkk C Ht kwus FIG. JB dtpi.tis acurrcn.tz:mbodirncnt NOS scqncndng 

method which is unahk H:, dctcn-rihw phasing ofarldcs at and .Z, u,~notrnc DNA 

from thesnt\iccti-;;fragrrwntcd intn '! 000 hp.DNA. fragrntnt1:;.. fragments arc 1:;pa!faHy 

scpaniJ<:~i und C!onaUy amplified thtsrers . of Cxiimpk only, z:tustcn,; t.ik: 

scquCndng rdids from mw or both (,nd;, of the ON A. fragrnGnts, due l'o the scqucrli:.·ing 

adaptors attached to on<:, <:,r both ends of the fragments, whcrdn the seq ucndng ach:i.ptors 

shown ili the figure}. The S<.'qucnting l\)Htb 

h:;.tvt·ft.~a,i 1cn:giJls tr[ c-.~g·~-- }00 nt~. sttlbc·next gcncr-JHnh .st~,p.lttn.ting. in. tlii~ exfa:nrple dbes 

not provide sz:qucndng infbrmatfon i:tcrossthc tntirc•1\,mphn\:mntccuk\ ln this pa:rticufar 

cxarnpk:, paired end scq:,Kmcing ls cmploy'<x_!, producing scmiti:1ctng bcith e::J1ds of 

tht tcm.!'}!,Hc lJNA fragn-b.:mts, each read h,,iving a rc.adJtngth {>fl 00 m (%<> dcpkttd h)'thick 

FIG. ! :H). .Acrnrdhrgly, !JH} DNA. (<i.irnpfatc fragnKmtnf dm,Jcr conipriscs 

X.\ ,Jnd Y;, h<.H\:\::ver, on!y X,, is i:ktzx·ted by the seqw.::ndng n:::ads. The DNA. 
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shigk .allele atu ,,,ingk lncus frrr each du:4er, pluming inforrna!fr:m h, m)l gci,d'd<.,d 

dt~h"'x:::tt:d idJ(:l{~S -~i -h und \t _g.,~ ,~./ht:tht~r th.i\~/ -art} .k1,:atcd. on t11c siu-nz~ ter:np1ah/ r.n.ot C>/tJl(\ 

thc-s .. .anlt {:hro111osz)flla.l.rcg,ion~:{)r the s·an1(: chro111os.(n11c:. 

rnrn'hz)d. can z:on1pri,-;e ~t first ;;tq, 210 qfc(H\pling ,J nm.:kk add tztri1phlk> to i, H::,qncncing 

p lmfbrn1. The. coupHng nm cnmprbi."~ attad1ing th c. nudeic add ,\~rnplm\~ to a stitid support of 

tht S(\llJtll<.~i:ng _Phttfi).rrn.. (\>trpHng cnn hr ~nh1c _ ca0,:s irltl't!dt lbtrna1io11 ()fa <.1JVf~J(::nt l10:t1d 

nudck add template\& Q1upkd to a uniqn(, ,Jddrcssabk, loc.,1tfon ofthc sequencing pfatforrn. 

Fori::\nmpk\ ,t pfornfhyofnuc!ck add li::rnpbti::s ((IU[)\:a;.(! ,,t scqtl(ncingplatlbrm, 

wherein e,Kh nflhtp!undfry of krnpb!e& is cz)uph.d loiJ miiqtK' addrc%fibk location <.lfHK~ 

wqutndng platforrn, Coupling of trncbir acid kmphrks w 1.u1iqw> ad{lr(:ssabk locations of a 

s(:qucndng pfotfornx cwi cornprisz: .mtachingthc templates to the uniqw:.: ,iddrcsiiabk ioci:itions 

~rnd/or C~ln (:ornpri.s~:: ton fining the tz:rnphit:cs \Vithin tllc .uniqt~t~ addrcss~tbl(>. lo~:atkJns ((~~g~1 

a. wdl}. Fzv trnamplz\ a template c,m he Httadwd to a Si)hd support 

and tl:m solid support confined Ow unique addressable k.KaUon, &uch ci&, ~>.g., 

d-cp .. ci§·iting ··rht~ n1.cthn(! :t:'.an :furt±t,~r tornpri.s,~ ;::tst,xn1d slt_p 22JJ ()f 

snbj\:t:tfng the n uciC:H.:r ·Heid tt:n1plJtt ft). aJ1rst stl}u(~nc·i ng. rt;tntHOn :Using: a -t1rst · $(:ftneHCing; 

prh11{~r; ·rh<:~ :t1rsf setp.H}ncing r~rirner<c.a.:n. inihH.tc s.r:ttu.cnC{nit t~t if flrst:iocatiz1n Cfl1 

acid temp.late Th(i first sequencing rcauion can gcncrnteH first sequencing rca.d. The first 

i-nctMd um fortltcr con1p,i'ltra second step 23{.! -of :a.n.hjcding th0 nucltk: ,ttid template to ti 

~;ccond scqt,(,ncing rctetfon using a si:.\-:ond S(:qucncing primer. ·rbcsccond 

inhinw s(qucncing ,tt•H stczmd·loc,tHon•w1thc mtdd(a<:id tcmpfot\\ Th,::.: S(tond 

fotaiion can be distinct fr'l:.,m the first kKatkm. tc,crn11nal m.KkilJtKi-('. ,;.ifdw 

scc:nnd prinwr can hyhridizo tn u kKaUon t!mt is nHxf than 5 nt ,rwi:.ty frnrn a binding 

W,-rni!wl nndcmi,k of th<:, first primer_ Th~, Si."X'z)nd sequencing rcaNion can gc1wrnte a 
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fnr any 

about 20 

Tecan Ex. 2021, Page 469 of 1314 
QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00026 



ot pnnwrs, Prin:wrs within if mixtun: nm bz~ dcsigiHid.and/nrschx:tcd. to h:av() mininwJ 

pntcntial tohyhridizc to th<::: snmc m1dtk add t<'.rnph:itc fortxampk\ prim;;;n; \vhhin ,J 

60 kb, 70 kb, 

kb, 400 kb, 500 kb, kb, 1000 kb (1 Mb), 

78, 79, 

compiled tn produ1::c stqucnccinfbnnation thrthcntwldcadd tcn1pfatc cnvpkx1 to 

unique addrc:-;s,'tbk fo\::atkm. 

5 
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locus 

regions which spun !oz:i X, \\ and Z, The thish.'.t'i-, Hl'C foct\},uhjcded tn scq110ntfol ronnds of 

~eqnencing u:{~totdin:g.tn ·it phafd.ng. JTlt:fht)fi ·d·~}StTfbed ht:tcin.; J\ • Jir~t.r0Jn1d: {if ~t>quertcintt:is 

p-cr:tln~n1cd · tf:SiH_g a. tl:rst St:\lH<:~n,~i:ng. prin\ct\ J'.hz~ first sctrH:.:~nc:ing pritnt.~r c}in. l::<~ dt~t~igned t_o 

sckctivdy hybridize to .a 1%.'qticn('.ing binding site of a st~qutnclng M,iptor fatathcd to 

a first end <.if Hw duster t(,mplat(i.s, 'Ow first ron.n.d trf scqueru::ing using the fi1?,t sequencing 

primer prnvidcs a fin;t set pfscqucndng reads (dark gray ,irro\v.s) ()fa frrst ,md of Hh>dusWr 

sceond s,:,,qucndng primer(:@ hf designed to hyhridize t<)<i gc:nmnk h:,ration up:,,trc;im 

locus Y and loseqw;_\ncc lm::.us Y, A.cnJrdingly, the second round nfscqucncingprnd.uccs a 

extc:nsio:n :~tr~H1ds rcs-nltin1s frt)rn: txt~.n:~io±t ·l}f the: ~t~CJJn d :~cquen~ing _p:ri1n.<~r .:tr~t fhit:n 

dttniturtd ~itu:i r,~rno~-/t~d :ftorn.·th.c clnstc:rs. ln a. n1;·xtstcp:, -~ th:i:rd:rntind. ofS(~qH{~ncing is 

performed third seqw::ntfog.prirncr, The.third s;.:qm:mcing primer <.~an bczksigncd to 

hybddi:tc toa g,tnornlc !ocatfon upstri:'.trm of !0<.'nS Z ,md W ;;;tqnentc focus Z. /tst.cording!y, 

Bcc;:'auscclustcrs 2 and 3, hut notduster 

scquem.Jng reads wmprisc reads from•dustc-rs2 and•3 

phasing 

sequencing r<tads ttvcal 

!<.,,_._,,.~ .l., , tbc:•third set of 

not front t.fosh::r 1, T ht third Sd 

in ph~'.sc on sarnc ntich:;iI~ aCid fragn1cnt), ·r/i<.tn::\)VCt\ •btcaus<::::tht~.iirst~-sc<.\Jnd:-:and 

c !usters ib;:ir0 a con1rnon aJ !t~k rt it can bt ddttrnined all 
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here-in. FIG, 4 d:.:.\picb !ht :':iamr. chrzH1\0MJrnc p,rfr zxnnprising a n1<1t0tnd m.\d patcniiJI 

c.hrQmn;,;orne obt1inedfrnm gf:im.>mic :DNA<, fror:n.,1 ::,ul~jcz:t m:; depicted rn FIG .. l. As b FlG, 

l--3 tile ()Vcdapping 
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cornpd_,;;crc,ids frnrn ,:.:!uskn, 2 and 3 but not front chrnkr .l, The third ~d nfseqw:~m:ing 

reads ;:_rt locu,s; Z • (Z\) in dn;,;tcrs 2 and 3 .. Seq,wnc,.t {bJa frorn first, MXt>nd, 

t:nd· third sets. (Jf 5 .. (~t1uqncing. tt;ads-.is- <.\Jrn:piJcd;· ~tnil .·us:e:d to ·dct,~rn:1inc .PhH.s:lng:··o.f:the·-d.etc(:tGd 

aHdr;-. fod X, \', and J.\ B,xause Uk, fin,t ,tnd sctond s0tnfs0qucm;ing reads 

and Y-; in duster cun.h() dZ::ttnnined HrnJ X.A and S\ anJ in pha;,;,~, l:kran}hi th<~ ~{\((llld 

;:J. hiphJ±ypc of fhC · snlti {~:Ct {~i~:rl • b{~ d.(~tcrnlh1(~d to b~~ 

no\:\-·· b<.~: ·n1;::H.i.c: in: d.Ct'ail • tt) (~\:cn:l:plaf.Y CnJb6di61C::nts·; \~/h:Ht~ 

[00621 Nuckic add tcrnpbtcs to scqucnc\'.'.d hy a m.cthod provid{:d hct\in can comprise 

The DNA, tm-1 be COTHt'.:>t·(~X DNA.,for,,xamplc.gcnornic.DNA, DN.Ac,in !:H:, from 

,, hncar or ,:.:ircnh.n- gcnonw. TlK'. DNA can lw plaNnid DNA, cnsmid DNA,., bad:::xial arfrfi,;;-faJ 

input DN/\,.can he pmJ.of drr<Jtrmtin. The DNA t<W be a1socfated 

can comprise one or more clffornn;,;om(•s , For <~xamplc, if the !)NA 

DN/\ can tomprisconcor more d1,r(m:wso,rn1c 3, 4, :'i; 6, 

16, t 7' 18, 191 20, 2] ; 

te!.l,fr<:.0 DN/t. The DJ\JA. 

fostoncs. Tht DNA 

from a hun:rnxi, tlH.: 

l 0, l l , UL L5, 

f0063! N,:u~!e,r'. tetnpkrks lo•bcscqHtnccd bya rncthod rrovkkd htrein 

ohufrn:xl frnrn and/or can bi;:'. in ti nuddc mdd Mtrnpk, The nucL:k add sani.pk cm, 

0J1tained: tiorn. a.su'itfclt. m_;,vit.",:i. can he-any:hh:).ipgical c:ntity•:•.of ... i:nttrcst fron:rv~/hich 

p!-msing ~uid.\:ir h,:ipkYtypc Lni<)rmatkw is dfsfrcd, Tht :-;nb.icct tan be rm,~Jllmal, r,font,•fungu.s, 

iused\ b,H:::tcria, ,)lgae, virus, teU, tl%M, and the Hkc. The tu1inrn! can be hutn,i:n,1wn~hunrnn 
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Excnip!ary hqnid iwnipksindurk, but,n-c nnt !irnittdtn ;:rntih:s, hmx:aJ _,,;arnpk;, 

ccrdJn):;;pimd fluid, who!t blood, pL:1sma, sz:rurn, sw·eat, tcir;,;, sputnm, sah va, uriw:.:, or nrga.n 

cl'.inditicincd 

frn.gmcnts. The k:ngth cdthc nudtic any 

than 3 
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thrn BH,000 bs.,,, t!wn. 70,000 hus0,<;, th."m 60,000 bases, !.c»"•H,.,,,.., kss 

than40{H)0 ·1_:m:<,ws, k&c<; thanJl..\000 ba,,,c;,,;, foss than 20,000 bww;-;,. kss than i {},000 hw,ws, 

thnn 9t100 hases, lt/% than !WOO bases., k.-.ss 1han 7UOH basts, foss than 6000 baiK'.S, less than 

5Hfl{! bm-;cs, less than 4000 hai,\,,s, k.%than 3000 lxi-<;%, lbi:{ Hwn 2000 bt1scs,.lcs0thim ! 500 

dta.n 

l:Mscs, I css tWm 30 ba.;,.cs, kss thmi 20 t·mscs, or less than i fr hll&f:!:i. In some cHses, a mwleic 

acid !lagrnent to hi:, sequenc;;:,d by· a m{:thmJ described herein lrns a k:ngth thatiS. about l 0 

bases.,• ,,ibout 6()() abzwt 700 base&, about 800 h,i.s;.::s, about 900 l DOO basts, 

about J 100 bases; about !200 bihcs, l300 bwv,s, ab,mt 1400 bases, i:ibmrt 

bJscs, ~,bout 40000 basts, abo-ut 50000 bHscs., ahciut 60000 b,tses, ab<.)t,t 70000 btb<~s, ,,ihout 

BUfH)O has(~S, about 9{)000 bi-1$,,:.:s, about 100000 hit<;i.~& (JfH) kb\ ahnut20ffkh, alxn.it 300•kb, 

about 400 about 5{W kh, ,)bout 600 kb,. about 700 kb, ,$.bout BOO kb, about 900 about 

! GOO kb {})\lb), about2. \-lb, 1:;bout 3 Mb, nbout 5 Mb, about JO Mb, i:ibout PJ !Vfo,, about 30 

\.lb, uknn 40 i\Jh, about 5H Mb, abuut l no Mb, abrnJt 2nn Jv!b, ,ir abotit 300 tvfh, fru;ornc 

is more than about l O bises. nmrc than about 20 lntsfS; .rnocrtlwn about more 

Bbmit 4() bases., n1or0 than Hbont 50 bases, more than about l Off b,Iscs, more than 1Ib0tit l 50 

bases, rrh.irntkrn about 200btse:~, more tlum ahrmt25fl b~ii,;1;;,<,;_ more th,rn ,ibout 300 hascs, 

moff: than about 400 bHs<.-:s,·morc t!wn morr tlv:in ,ibout 600 bases, m<in) than 

about 700 tiMut 800 h,Jscs., than ,~bout900 bas<is, :mon:: than about 

"! ODO htws, mnre tlum about 11 no more 1200 h,bes, ! 300 

bi.t:➔cs,·rnon: th;:m.ahout1400 b,bcs, HKir,,•thmr abuut l500 more t!wn abont 160{.!.hases, 
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can comphst polynuckotidcs that rrntp to gcnon1ic rcgkms of inttrcst 

!7, 

18, 

is bdwocn, 1.t/f, ahz)ut l to cthout10 ba,',;CS, about 5 to abzmt 50 fo.1M:~, .Hhrm! lH tn ahr>n! 1HO 

base&, uhout 7{}to Hlxmt 300 h,l}iCS, about 200huscs lQ about tOOO ba..,;cs O kb}, ubt)Ui 700 
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uboitt 2000 h,rn,;rn, about l kb w ,tbnnt In kb, about to ,tbnut•SO kb, ahont 20 kb 

to about J{){).kb, about SO kb•to,,.dx,nt abuut 100kb to ;:ihout 2000 kb (2 l\Jb}, abnut 

ifoout 50 l\ib, ,)lKM 10 \•fo :to about nm l\lb, about 50 \lb t,) .nbout 300 Mb, For 

ex.n:r.nph:-'.'. a• g-t~1n:.nnic • region of in.n.:--rt\~{ ra:n l)e-t1v\:-r 1 ba~-,t:\ ffver ] 0 b.u.s~~~~ {Y·:ter: 20 l}ascs~ z1·v:::.::r 

u~,/er 100 :b~lst~S~ t)~~Je:r 200: bas<;S.~ tt-./er: 4{)0 bases:~. ti\·er 600 bn.se~f t1?../t~r }UJO ht~s(~~-)~ 

<h0r 20kb, OY(T 30 kh, over 40 kb, z)VCr 50 kh, C>\\~t 60 kb, z'1vcr 70 kh, t)VC.r 8H kb, r.1vcr 90 

kb, tivcr 100 kb, over 200 kb, tn-';;rr 30lJ kb, riv,x 400 kb, oYt.!f 500 kb, (lY(T600 kV <ivt.:r 700 

kb, over BOO kb, ovfr 900 kb, O\-\X l (WU kb fLMh), O\cr 2 \.fb, over 3 ?<db, o'>cr 4 \th, 

!\Jb, O\'tr 6 i'Ab, over 7 over 8 h:Jb, ovz~r 9 tvfo, over W \Ab, , over JO ~/1!:\ 

O\'tr 40 \"lb, <.iv,'.!' 50 l\:th, over 60 A1b,. nver 70 J'vlb~ <Jv0rSO ?dh, ovct 90\fb, ov;::r Hm l\:fo, or 

200 \lb. 

A cornprist om:: mnn:, infornw.ti,-;;:Joe:i. /\n 

p1.c1lymnrphk k1rm~, e.g., zximprlslng more n]foks. 

ens-cs, !Jwtwo or morn HU des i::onrpds-,, atnhKiralk!e, tn particular ,:~n1hodin10nts;,,•grn1<rrn.k 

rngirnis ofintcrl'iSt ,}omprisr:: {HlC nr n:iorc HLA.. !n,:h . 

iteutr~rv1d:in\: iJ(~;o:Kig{~nitt/\vh.{~Ht gr:t~)J · ~~isgluthtin:~ hisd.din :;?/(r~ba:n~ irtn:L N ttclti c 1u:>i dS :c:aJ:l • be 

t~nrtc'!::itid: h:Y in:re:z:1:"sc1(:r1rvc scquZ~iltin;g 1ihrar,~:/·· pr(~pa.tadz1:n. ·rn .. cthtid., 

scquem.Jng llbn;:ry prcpanHkiri klN and technology arc (\JmnwrdaUy avaHabk frori1,. 

n:H:.th,xls from Agih;;.:nt an, \.h.:scribcd Patent No. and US Pahmt 

AppHt:iitkm FublitMion ,,n-c hereby lnc-orpi:)rl:it.cd by n::tc1-er1c,:. 

arQc:r.-stit<>c:Hvc s.cqurndng Nhrnry prcpm·,rtion. mcthoch front 1lluminn ,rrc zk~rdlKd 

US Patent App!icutirni Pub ND, 20070141604, hereby. incnqKiratfai by n:,fr.,rcnt(\ TirrgtG 
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A.pptlt:Htion Puhikati9n No, 2012()003657,. !K,rchy hKorporntcd by ivfbtmcc. Enrichrnqit 

tar);tt gcn,)n1ic rcgic,m; ca.n, in some <.:i:1scs, cmnprhc. isolation of intact•chr,;:irnosonK's·or 

t:hrotr.lnsorna] rtl!nm.is J}nrn:4 biologicnJ ::itn11plt~, ln.st1rnc:crnb-odir:ntJ1t~~ the .ntJCl~if ;Jt:id 

~atnple: i~i.:fHJt eririrlt¢d•:fcff ·t~tri~et. po:!y:nlitlz~fJtides~. :::.::.g .. ~ .. l\)ftr:~}~i./nl$. a 1,:vhnlc &/:n1t)t)Jf5~ 

Scq1Kndng.Ubnwics canNmrH·hc any nu.mlx~r of llhnH'ynwn1fo.irn. Stqw:n1cing Hhradcs cati 

cnrn.pri:~e 2, IO, 50, lH(!, 500, 1000, 5000, .! fWOO, .50000, l 00000, 500000, l.OOOOOit 

5000000, !U{WOOOO, 50000000, 100000000, 50000(H){){l, 1000000000, -20t)OUOOOOO, 

JOOOOOOU00,400000(}000, 5000000000, 6000000000, 7000000000, ·soUOOO{lOOO, 

90HOOOOOOO, 1 ommnn1moo,. (ff rnon: than .l nrmooooooo mttnbets, Jn SOffW (!tnhodim<mt":i, 

scquendng!ibrary oin be .prq:m,n:.:d frwn ~t rn.wlcic add samph:: by any mc,ans knffwn to those 

or othcrwL:-K>dcs<:rib(xl In some crrtt,o,i:Hm-c>n,ts, hbrnry prcparnth)n 

uttm::hn.wnt nf nnt,; (ff HKlft:'. aduptor<iligmmdeotidcs !:o one or nwrc 

Htfr! fmgrm:~nb .. Jn some cHses, adaptor oEgontKl<-iotkks mv•,'11tadwd to both ;:md$ Qfnud.cic 

tHs-cs,: the: 0Jt}fhtncnLof ~HJ-atlfaptorto H nncl~;Ic :at~:h:1 tt··nipla.t(~::can .cna"hlc-th<:~ g(~ncr<.rtiQ11 of· 

amplifk:,1t1>.HH\~udyprodlic1suf !he nuckk add ternplutc, An. 1.dapww cAn hm-<.~ vari,.)n,,.; 

designs. ln sonw cmbcicbmc:nts, an ad:'l.ptor cmnprisfs ,t prirn(:rhinding site for a plmfbrrn~ 

inthrmdion about an assuy. .A barz:odc sequence can, fr1r z~xa:n:ipk\ encodi'.: infrwn,Htimi 

rdatfng t{Jtht'.id.cnthy of an interrogated aJ.k!c, kkntHy ofa target _,,_,,ct·us,, u·1 

cif a s:ampk, identity of a sut~jcct, <>r any cornhinatfon 

ernpkiycd . Sinii!mly, a single dit nuctx)titlc rmi he ud,;.kd to the T'yend of the donhfo. 

strand<:~d DNi\product, by a pO!ymcra:-,(, lacking] '-<:xonuckI,&t activity and cm1 ,\!HlC:,d to an 

a,d,tptor cmnpri;;ing a dT n\.·trh,mg (<)t th,~Tc\.·trnc), This design a!fo\\·S the hyhridlzcd 

1.:0-mponcnts !n he .. substqw.,,nH_y Ligated (c.g,, hy T4 DNi\ li£Jl-'iC\ O!htr l.igatfon :~trnkg.ir.~ 
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fo r:ompfon1entary l\t the odgintd lcrnpkrk • slnmd, ln some cases, Oik of the strnnd..c, (i.f the 

&Juhk~stnmdcd pol:/nuck:{)tidc i"l synt!K,sized so thm it has iH kwst {HW rnodificdrmckotidc 

incorporated into it along the entire length of the strand. ln son1e cmbodimc:nts, the 

nudck add h brnri cs 

C01vlP0$1T!ONS AN!) \lETHODS FOR D!RECT!ON/\L.NVCLEJC ACID 

1ncorpo.nrkd hy 

rdz\tt:m:i/ in its cntin,,ty. ln somt: G,SGS, inforrnation• about thc•diR,dion nf :;;ing!(>-M.rnnd:;::d 

nud.eic acid ,:no1ccuks is notpn:.:scrvcd \vhile gencrnti.ng donbk,stnmdcd polymickxitkks. ln 

f{HJ72l 

f0073! ckmdly to 
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fo_,;;tanccs, dona! mnplifie:.ttion urn. conrpri.;,c t~nmlsinn PCR (454 Lifo S.ck'nctis, Li.fr.~ 

Tcchnc,logfos}. Enwbfrm·PCR ;;:an cornprbi-i atJw;hmt~nl of an. individual mickir acid 

ternph.tte mcdccnk mtadicd \h,,:~nc::on, and n.Nwtkm cnrnpz)nent;, for e~m7ing tmt an 

artqfLifi:cttt:irfn :n:~act1<.):n.:- i\n1p.tific:ation of· 1t~rnp1aJt~s .\\6thh1 •the -cn1tds:i<1n can :rcsu.i:t :in. tdorn±I 

arr;pllficatkm <.ift!w tcinplatcs. Cfon,ll itmpllficatkm ,\Hl 1.xnnprise hddg,~ ;JrnpUficMkm 

Ollutnimi, Inc). Bridge anrplificutiun is de;,,crihi;.d, c.g, in US Pak'.nt No. 7,985,565, which fa 

h(:rcby incorporntcd by•reforz~ncc. Clonal i:irnplifkatfon• (an <:nrnprisC knrplatc \.Valking•O. ffe 

Priuwr•;; 

j"{H)74j Primtrs i:..:a:n bc·o!igonudt(>tidcs t-hatan:: trnploycd in an ,:;xttnsion r1.~Hdi\m 

polymcrast: pc,1vmiel<:f1tu:w h;1m1,iti1h\ such in FCKor cDNA. s.ynthcsb, frw 

:Jx,rnipk. A.J1 oligmmdcoti,k piirncr can b,'. ,i synthetic polynm:.lcofid,'. that issingic strnndcd, 

contuinin g a .~{~<1u (~!1c:e :af :it~ 3 ~ .,;t~nd. that is capri.bl{~ of ·.h5.•b:rid:i:1.:ing· \v:ith a S\~(-ruenct nf th z~ laTgct 

}i 

iJbout 30 nt, about 20 tn about 40 nt, about 30 to about 60 nt. ~tbout 50 to about J 00 or 

morc•thm1 about 1 O(r nt. 

PHJ76! 

to hyhddizc•wttportirm nr HJ! Hfii scqi.wncing idaptnt. fo•i,;nrnc·cw,e.;,prin.wr;,:, dc-:wribed 

dtsigmx1 to h. ybridiz(, to a pdmcr-·binding S>:X1lK11(;(> of a scqurncfog .i:i.dapv:n-. 

Ex,;:mpb.ry.Kfaptors are•describcd herein, ln St)QtK,i1cin11 to 

H scqucntfo! t-lix1ueix:ing rn,Nhod prirnct or prin-H::rs to •lK used in H first rz,und of 

tir mnrc lod frnm which Phasinginfrmrn.rtk>n is desired, The one or rnorc kK'i c(ut comprise 

r'.!ne nr rnorc hrfr.irmat1 1i/C !<)<ti. For exanrpk, in sorn-:;.: fir~t sequencing pdnKr, 

sctxind • _;,;cqmmdng primer (e.g., prinwr nr primers to in ,J fin,t {ff sCG.md round of 
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fiJ!J78! 

db!Rm::e can b,tof any length. A skilkd•artisan ~vHLnmdily appt1~ci,11e thaJ•th<~ distant-e c,tn 

vary dcpe:nding on tbci\:,1d length of the S<:Xj\Jtndngtcd:ino!ogy utiU:;,:cdin tlw ~.<;.~qtKntial 

scqu<mcing tcdtnnlogy n !i l.izcd in the _.,,..cqlrnntid c'i<:.:q rJ(;.~ndn g • mdhod. The· primer desig,K~d to 

sc(.Jl.ifncc mi inJormmivc locus can he dcsign(,d to hybridize to a genomic location tlrnt 

lL 

9-4. 95, 96, 97', 

-400, 450, 500, 600, 

infc,rm,;ttivclQcus om h:: -d<:,sig1Kd to h\!l\r;,·n·:;,, to a genomic !ncation t!wt L'> nbout l to about 

10, about•5 to ab<Yut 50, ,'ibout tc, ,:ibc,ut l 00, ahout·40 tci about 200, a.bot.rt ·so to about 500, 

about 100 to·about 1000, about·500to about 1000(\ about 5000 •!o about 1000()(), or more 

than 

1mmoo m upstn::arn of the idbn:mitivc 

l.cs.;,, dmn•OYK,, lcs:~•ilrnnO.K/-·;,, L:::a.i{ Hum o.n-;,, 
less t!wn 

k% than O.DOYh,, 

suhstantfoHy not pnlynnJrphfo ln 

0, HOHOOY;-;,, lcs.;,, than O. 000000 Ph,, foss thw1 n ,0000005Y;.;, or kss than {f 0000000 l ln 

sornccascs, the primer designs::~d to scqticn,x, an in!hrmativ<:: k1.nis can lie designed to 

hybri<.ll:m (() mi. tmconSN\·cd rcgfr.in ,)f th<:.~ g<:.Ylomc 
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HHl 110, 120, 

10, l l, 

l60, 
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30. Tl. 

55 56, 

250, 300, 35H, 400,450, 500, 60H, 700,800, 900, innn, :woo, 300Zt•40HO, SHOO, 6000, 7000, 

80(}0, 90W\ 1 HOO{), l 00000, nr mnn:> thmtlOOOOO nt uwu-y frmn the· first lo..:atfr:nt ofttw 

70, 74. 79< 8(\ 

96, 9% 98~ 99~ inn, 1 H\ no, 130, 140, 150, 160, 

190, 2u(t 2so, 300, 4rHI 45tt .son, aw, goo, 900, woo, 2000, 3000, 4{)@, 

5000, 6000, 700t\ 8000, 90i)O, HW00,.100000, or niorcttwn !00000 

loc,Hkln of th<.~ nucleic. ,Kid• tcmnl ate, Any prirncr used in a }iUbsz'qncnt n)und o.f s<:x1ue1King 

u.m iniha.msequcncinga! a. location nf the nuckk add k~rnplm,(~ tb1t i,,.; mrir;;rthan 

from tlH..: location of initiated iwqucnring fi>rthe pn:.::viQus round of i'i.tqu<:mcing, 

R6, 87, 88, 89, 9o, 93~ 94~ 95, 96, 97., 9g< 99, mo, 1 Ht 120, 130, 140, 1 so, 

lhn, no, 1 U\ l9t\ 2nn, 2so, 30l\ 350, 400, 450, soo, 600, 100, 800., 900, moo, 2000, 3000, 

40{!0, 50ot\ 6000, 7nnn, 8000~ 9000, ! onon, 100000, (lf HKH('. limn .l 00000 nt iiw,i.y from the 

location of initfot,:d se::qucndng for the pn~vfous roUndof scqw::ndng. 

tn sornc embodiments., stanc.bn:J·c\J' uni\.\,r@! scqurndng 1~ 1·in-,"-,,,·-;; For 

primcrn dcc'signtd to hybridize to a. primtr 

scqucncc .. .spcdfic prirn(,rs that hyhridi?:c t,) a con,scrvtd rtgkin or conserved rcgfons w'ithin 

the nudcl.;:: ,'\Ciel in.iK>.rtsin the stqucndng Hhrnr_y arc used .. lns,)mc ctnbodirn<:'nts, Urn 

~~t..:qner1c(".,.,:~pccif1c-. ptin1~tr~ •art:·_-dt..:}~igncd_·•to• hyb,rid.i):t: to· (;nn:s~Jr~/e.d. rcgjou~ .. :.R({i a:ccnt•·to t\:~gions 

oJ ... \ya:riable s·cquen.ce \vithin th(~ :n.nc1:tic a.citl i11~::}rts~.- thei\~b~y c:nttb]ing dfffi~.rcntiating .bt~l\V{~tn 
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tvkthodsin Enzymnlugy 68:9{), the didb.ylphosphoi:1tmfofatc nicthod disdo1;,;xl in 

:solid. :support rn;::thod••disdoscd 

limited .Army Designer Sofl.wHrc {A,nayk Inc), NotPdnicr, OUgonlKk'nUdo Probe 

Scqucnc1;'. Lksign ;Sqfrwarc for Goidi;:.• i\.rrnlysis {Olympus Optk.ld CoJ, Primrr.3, and 

!lhirnfrw, l-ldkns HiZ\scitn<.>t~, andQiagcn. Il!umirm p!Htfr)rms ran fr.KhKk, .c.g,, tl!und.na's 

SofoxK pladbrrn., Iihimina's. Genom(; Ana1yzer,.TlhirnimJ's l\,h;Sq,, •1Uunr1na's HiS;:.\q, 
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m mtrina>;; N(ixtSeq, mrd 

Out et HL(Hum. l\,hitat. 2009 

6,306,597, 7,115,400, und 

indm.k thcStJR·rsyslcrn f:n..1m 

~k:q1Kndngpfatlbnn. 

(0087! 

fn(\>rp<,ratfon of rcvcr$'.ihlc"tcrminatc,r dNTFs, <:),tCh dNTPkibdcd··with a difforcnt r<:rn<>vibfo 

fh.u>1n.)pMrc. Th,:; rt\VCi'sibl.c-t>:'.nninatm· dNTPs can he 3' modifo.:d to iwtv\~m farther 
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:Jrnbodfrnent~ the sing!0e-s1ranzkd ten1plat.l'.\;,, ur,~ randornly .atuched fo 1nriqn0 addn::,strbk 

!orations of the flz\wycel!. CnlalH:kd in.K·lz,otidt'.~ om be added tninitfo.te solid-phbf bridtw 

t.r1wlifit:atkm to pro(hct dtn&;;; tlush:.>.rsof clorrnlly mnphfo:x! tcm:rw,n1~s, 1n 1:;iJrnc 

crnbodink.nts, each clu:~ter is <:.:rmp!edtn ,cmriquc.addn./~subk, focatirm ofd1(>.flr.swe-ccU, To 

snbj(~J(:(t Jt) h:~pc,~ted cytlc~ of pcHy111t:ni$c,~dircctcd :~htglc l:.-~ls<; • ex ttH1Mion ~*nd tab(q • dCt(:cth)n 

~t~")· descriht~d ~H)tftt\. tht~r(~by· pi:oducinita:firxt .sequencing read fron\ Otlc {Jf tnore t~ht~Se"fs~ 

cmnph.tirni of tht~ first l\)nnd •ofscqurneing, theextoxkd strnnds and 

prin:,ers can he Lknaturcd frorn the clu.stcrternplatc5 andit:movcd, e.g., by washing. To 

sequencing prim<~r,, ;_md DNA,. pnlymemsc .can be added to tlw U!i.rmini.r fioxv (:dL Th;;.\ 

then b;;i . .snbj;;::cwd to wpc,:Hcd <.7cles of poly:mcrasz:-din:~dcd 

and l.trbd dctcctkm us described Hbovt, tfa:wcby producing ~r second .scqncndng•n~nd from (Yno::, 

cxttmded :stnmds and primers frorn th:.} pnxcding nrund of s;;:,qtiz~rKing, using suhscqm,:nt 

prirrn:.ws Hrnt·arc de.signed to hybddfai.:\ foircx"-unpk,.d{J\.Vnstn:,an-1. <:K upsrr,.::,H.m of pnx\::dfog 

scqncrwing um•be cornpikd fi.)r each duswr. tompi!ing can .be m;d to g<;.mcn.lic 

scqn<:tnci.:, infrirmatio:n for the clonal.!ym:nplifiedtcmpbtcs, 1:kquenct: in.formHtinntbrthc 

sequencing by ligation rnethod:.; • cornmewialized hy Applied Biosystctns {<.::\g., SOLiD 

sequencing} Llhrnryprcparntion for SOLID Mqucndngcm-1 comprfoc hgatfr1t1 of adapti:ws 

intcnwl adapt(xs cii.n be jntrodi.wcd by ligating adaptors to th(:>5' ,tnd 3'•cnds of the 

drcub:dzihgtht fragrn,,nt~, digesting tlw drcabrizcd fhJgn1em to g1;~ncrntc an inknml 

and attaching a.daptor:-; tutht 5' and 3· '• cntfa.of the resulting frugrncntfi 

PCR . Foll.o\.vfog ?CK, dw tcrn_phitcs can be dewitun:.:d. Htads can be enriched fbr bcwls with 

~::xt(~ndrd. t<:~n1platc:~-; ~rhz~ <'.l(nudly nn1J1li11.q,1. tc:ntplEtt<:\~ on the beach; :c~tn- b(; • sulliccttd: t() tl 3 ~ 

rnodificatirnt Unitpcrmi1shonding The•bend\ can be dcposHcd.oa a ~fi(fo 

for 5equcnz:ing by ligation, ln M.1rnQ cn:ibodiments, caceh bc,1d L\ rkpnsitcd Cmlo a lJ.nique 
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Midn::s':iabfo louH km of the gh.rns Midc. A rnund nf SO Lff) sequencing run ci:)mprbc th<: 

folkhving ':iteps: 0) hybridizntion pf a frn,tscquendng prinli.W w ilK,t·lonaH:/ amphffo·d 

tcrriJikttCj~.- rrhq.fir&t scqu,:n:eing 1?tin1cr • farr .b)~:· th:\:dgn,~d. to h !{brh:H:~~t tn ·:a_ .sc<.1u<tn.c:ing prirnqr 

hyhridiz11tinn, ,l Set 9f fbur l'foor<:.i~tt~nfly labeled di-bast) probe& ;;;mi c.11npz~w for Ii gHtion to 

the sequ{mcing prin:irr. SrH::dfidty of the dihb,1st prob1:: can be ai::hic-vc:d by intcrn;i~wting 

lM and 2nd ba&<:\in e,:ich ligation rNH.'-fa.irt (3} Cyd6<:ifllgatfon, detection and 

template can be reset with a primtr compkmtntary to the n.,J position for a s<::x·ond round-of 

For Sf)UD ::-;tqutih.:ing, znxe IZlmKl of.%:qntiKing trm cornprisc·fivc n:.iu.rirfa of 

scqm:mcing rndhndnlogy, ,J s~'trw:~.ndng librnry i::-; pri.;'p,trcd fron1u m1dcit 

obtained from a suhj(~d using a 1ihmry prtpa:rntinn mdhod fbr SOl.iD :':W}tlfW;.'.ing as 

ck:scrihfid ln::rdn .. Jn sonic cases, th<:) scqw::mdng·lihnn:y h ,1 dii\x:tiona! sequencing library_ 

Jn smnt cases, tht scqucudng libnuy b not ;Jdin:.'ttiothl! scqtKndng library, Th0 5<xiucndng 

h.:cr,~fn... i:olh:rv~~ing: the t1rst tonnd :{Jf scq·ufncing:~: th<:~ •CxtcriSfon ·pt<)dUft cHn bC<rCn1l>\?Cd iind a 

see:cmd scr. <if scqm~ndng pdmcrsGm bc•nscd frw ~i second rnund ofSGLiD scqnend11g, 

scc-ondround nf SOLiD stqucndng nm co1npris<.~ n:n.dhpk cys:,ks ofprimt:r hybridization 11nd 

HL IL 12, L\ 14, !5, .l6, 

38, 

upsH\:a:m of an infbrmaff\.Y focus 

m,atarc dcsigrwd to hybddi:w to m1 n--1 g,::nomk !oc~itinn, n-2 gNiomit lncMkm., n--3 

genomic kKation, n--4 gtnonric foC<Hion, ny5 g,~.nonrit location, etc., of ''Primer 

Folll)W·ing·a stcond round ofSOLiD scqu<;cndng,.thc uucnsionpn)ductcun he rcn:u)\·cdand a 

set of ~tqt,,e-ntingptim;;;rs can he tisi:'.d for a third round qfSOLiD scqtitndng, The third 

:~ct nfscqucncing primtrn. Ci:.ut (\).ntpri~,'. a prkncr ''ptimtr •B'' that .hd('.signed to hybddb;.'. to ~i 

HJ, 
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46, 

infbrnmtive !ocn,,.; ''ff' ,;;;iw bc.locaHid dnwnstn,.::u.rn.or np.,,.;trca.rn uf im'hrm;:.ttiv;;, h)cuii 

·rhi?- third round 9fSOLiD sz:qucncing can K'OmpdtK rnuhipl<:~ cy·di::& ,)f p.rin1(T hyhridb:ation 

!"0!}91! 

DNA thigrncnt in parnlkl .. Pyt\)Scqu,~ncing Cfan 

timt, Pyi\>&tqucndng can detect rck\t-;c ofpyroplwisphaw (PPi)·uponmr,:kofo:k 

i.ncotprmnion .. PPfcan be rnn.vcrted to A.TP•by A .. TP.suLfoiyhsc in thcpiw~cncc of,hlcrro:,ine 
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generating u light &ignal 

sequencing platformJ as.:kscrihrxl ,ibov<:\ f'\ first round•ofpyroscqw:.:ncing cm1 bt pf'.rformtd 

,is dc:,,cdbcd ahrn·0, gi;,'.neralfrtg-H firl'>t s,N,rucn1.:ir1g read frmnthc library rncrnb0tt, Fo1kiwirtg 

the fi.rM n_mnd of pyro.:,,1;';qne1K,ing, th(~ ,)xtcnsion :,,trnnd& and prinwrs ~rrc remnv1~d frnrn tlw 

men3lwr&, e.g., by tk:naturntfon ,md ,vH&hing, A second round ofsz:qucndng nm then 

The i,.c.cond .,;equendng primer u.m be de:~igned !o hyhridiz(, H.i a kication up:~trcarn 

of an inform.ativt kwu..,; ''A".,md. to szxiu;;:,nct infornrnti\,e Jocus ''A:". it .,;ccond 

pyrqs,~quencing.: rc:Ht{iQn ca:n. th(Jl bt~ pK~rft)rrned. as described. aba,:"t'.'.. SUb.s<~qticnt rc:n10\tal <.1.f 

the-second scqu,~ncin:g1rtin1:cr·and-addhiorin1 ·rQ1ff1ds .ofJxyrtJS<:~q_ucn<.Hu.g {~an he11rrfUtn1<)d.h) 

seq ncrwe itdditkrna! . in forrnati ,.c 1 oci, The arkh tionaJ • inforr.nafi,,/c • .lmd c,m be 1.ocatcd 

,idditional romKh t:if scqw;:ndng can he (ompikd frn ciKh ;addrz\'"iSahk !Qcad..:m. The 

corn.piling can bt used to getwrutc s,tqucn<X'. inhmmitihn frittbcrloiwHyarnplifkd tcrnpfotM, 

Scqucnc;;:: infrwmHtfrin Jbrthc donaHy mnphfkd k~fnphtlcs nm lK.nscd to rkfrrminc plrnsing 

or :n1-or(-:: a.!lbies·: dt~tcct,~tt:l)y. tln::~ s<:~q;u:~~:nting. 

U .S Pmcnt Appfo:atkm PuhlkMbn 

{JS2HH9006l439; I)S2U080087826; {JS2HH60286566; US200600247l. l; IJS2HH60024678; 

US20HR0213770; ,rnd US20080103058, l:u:'.rehy i;K'orporm\xl hy l'('.fbt,ncc. ·ror .exurnl)k, a 

rnct!:iod can cmpfoy th(, tn,c Singk--:\JokcukScqucnc.ing kchnolf.1gy by Hi°::h\:<b Biosde11ccs 

C\.irpon1tion, tS\'dS llbrnry preparation i:<.~n comprise Hgatk1n of tr polyi\ adaptor to 3' fntl of 
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seqnc,nctr. • Each Jn.tgm{~nt ran he hybddiz(id to a tn,iq,w addrt,;.sahb Joo1tion on tl:n.: 

Ho1v A. !iis<::w can illumitwt,' the surfac<:; of the finw cdl, n:.'.vcaEng Hw position 

tmnp1ate. CCD tarncrti tan rn,tp the position of thc.wnrplaw.a,,on thc•tkm• cell $m'faCt.\ 

p<_)lymcrnsc:--dirt\;t;;.!d ::;ingk has(~ t::'Xtcnskm. Around oftSTv!S .M;quen,:;:ing rcil:ctionfa.n 

commence fry introdu.dng a DN.i\ polyrncrtmt·mid·,i ffuorC..<;CtntJy bbded nudt(>tldc, Tfo:.'. 

that have dir-Cct<::d 'incorporntinn oftfo::>fluoresct::'ntty·bbckd nuclrntfr!c can be di<;',e1·11;,,.i 

inuigingt!kfo)v<' cdl snrfac:.e, Afrer in-mgfrtg,.a Cka-.,•<igt'. .skp tun re-rnovc•tbe Hunn:)sc.ent 

lube!, and the pro<:<.%'> cun•be•rq:i;,=;.utd with•other Hm)n~scfl1liy !ahded m.lcbotidQ,--. tmtH a 

dt~sdr,~d r,~ad • 1 t~ngth 

addition 

mfthodok)gy,•a tS.MS s<::iquc:ndng library i# prq,arcd as rkscdb,~dabovt fcom a mickic acid 

sarnplt. ~Jbtainc<t··frorn a.soJzjcct. ln.s9n1{} l~ases:~ tht~.s,.cqu{:n.cing·1tbrary is a 

M.'qucrKing Hbrary. Jn. sornt i:;,a,;cs,. Hw ..<;CqLwndng library hi not.a dir<::'•tlional scqu,incing 

hbnn::, , The Sl;quu1cing tihnrry nn.N1:1ber;,, c.in be ;:-1>npled to 1iniqut addre&<;.abklocation,,; on 

frnm<)biHzcd on the t1i:xw td!, lk-vz'.rSt co.rnpkm{'.nt cmnpkmcnt strandH, ofthc hybridbtd 

llbnrry mtmlwn; ctn) btsyirthcsiz;:'.d, tlm$. creating ln11nohffized h.'rnpbk<;'-i•thri~<.'.qncndng, 

origiru,1 !ibrnrymembns hybridized to the flmvceU nm ln denatured and/or n~niuvi~d. A 

ffrnt·rmmd 6f tSi\4S scqw:.:ndng can he perfbrmed nn immohih?:<:xi ttnipfoJes as ck.scribed 

fi!"&t scqutnd,1g rtadtfotn tfo:; immobHh:cd ktnplatts, ·ro!lts\\ringthc 

rmmdnft8MS sequencing, Uk fo\':it .";cqurncing ,T<tds t<1H bcdc,iatur't.,d aad/orreintA't~d, 

·rh: frnmohi liz<:xi ttmpbtcs can he rN.r in<:~d on th<:: flow cz:l L A second round of tS?.-18 

St{:{1nd: tS\4S t~~::·qu .. cn:e:ing: • rci~t Hon t:an thxJ.1 bc·J)ert()r.ntcd ~t,: d(~5crihcd rdJtl\tt. . .Subsrtp.n:~nt 

dcnattin,ti<.m.Hnd.·'orr,,rnoval oflht s-::,qucndng prini.tr and sequcnct n::,1ds, fo1lt)\\·td by 

addifa.nwl n.)und,-,; of tSK4S _,,;equcn.ting can bt.'. petfornkd on Uk innrmhilizcd krnplatu;, to 

scqncrwe additinna! .\nforrnHthc 1m:i. llw.u;;:khtit)naJ· inforr:nutit·e•.lod um he kK.akd 
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Hdditkmal r{iurH:bof,,;;eq,wncing;;:an be cnrnpi.kd.for ead1 addrc.ssa.blc location, The 

eo-mpihng can h;:; nstd to gz,ncratc ;;cq ucn ,:,c information for the templates, 

iuJiYr:ixmtkm ihrthc ternp!mes c,nt be ui.cd to ddtrrninc ph,t,h1gz)f orw ot nton:;:il!;Jtr, 

d{)tt~ctcd b_y tbt) ·s,~qnt~n,:ing. 

Person;J!.•G(:nmne J\.fachine.(PGTvi)). lun Turn:mt tcchhokigy can u~c as.ernic<induckn (hip 

,vith m.nltipk byz~rs, a hqcr with rnfr::n:.Hnachind ,Veils, an ion¥st~nsidvc an 

Ugatirm of two• disfoKt adaptors M • hNh cn<.h r;f a DNA frHgrn011t htdividm.d l ihrary • rndnbcrs 

cu11.be utfa.u::hl~(l trr be{:tds;•· as: d-;}~cribed lH}r:._~irL ,~flH) libr~try·: rn:etn.bers c'.an • therl:be· tJo.nally 

mnphffod by, c,g.., cmUbkmPCR, 'fhc('loniiUy arnplificd Iibrnry m(::n:,bz:rs•cm1 be 

km T<)rrcntsi;:qucn.;,:ing p!atfon11, cxamf}le, by• intrNfodng.individual hei:tds comprising 

the cknm!ly urnphl'fod lihmry nct('.Hlb\'.'.@ \vd!s ofth,;.'. lc,n Tcwn:mtpfotkrnn- foidi 'Ndi can 

h(: considcr(:da \miqtw addrf&sibk} hJn,tion nfflw Ion Torrnnt p.la.tfonn, /\ round {l{ 

s(:qucncing ,::an cornpri.sc aniwa!inga firstsz:qucndng pri:mtrto thchbrary mcn1bcrn. TlK: 

(}1ydrogtn ions) can he rekascd in th<t welt which•ran he detected hy lfo::km M,rrnor, 

scrnicoridnnor chip nm Hren washed ,:md the proctss nm berq1c,m.cd with a diffr:-rent 

d(,oxyrihonuc!totidc .. /\ plurn.Htyofnutlcic acids can be &1tqucnccd in the \Vtl.is ofa 

Apphn,hon Puhl !ration 

nudck' acid Strand 

2009002.6082}. lnn1qmnrtfon of<>nc or mor,: triphosphatcs into 

stqu~::ndng Nimcr i:.:an be dctccttdby ;i. ch,Hl@(" 

rncthoddogy, an km Ti>rrcnt scqi.,z:ndng library b prepared as i:ksrrib<:\! i:ltlO':.\> from a 

nuc:Jdc acid st:tnp.lc obL:iined from a snbj<:x:c Jn~ome Ct\M:~l>, the stqucndng Hbnir.Y h ;:1 

difccti.nnuJ :':itq1wnc:frtg libnny, ln i;onic cai;;;.:i;, th0:c;tquentinghbrary h not ;J dfrcetknw! 
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.fir~t H}und of km Torrent 

M:'qticn-cing rcmJfron1 thc.librar:< mcmhtrs. Upon com!)ktkm ofthe first round c,f 

tK'.qw::rKing, the cxwnzfod ,':itrmid.~ dnd scqucnting prhnc:ts c,H1b0·denatured fnnn 1hc 

ternph.ttef; and.reuu>vd,_<i:\g., b5' ,v"rnhing, .A. 1-wcnnd round Qf M:qucndng can hc·perlhnmxl 

Snbsequc,nt n:~movat ofttwscz:omi szxpwndng prinit:r and additional rnmH.h of szxru\Incing 

can be pcrfonncd to s{:qucncc additimrn.l infbrr,fativclod. The additional infoni.fotive lod 

anff op!it>nuUy additiuwil round.,-, of :,,.f.~qncncing compiled for f.:ach ~\ddn;-,s,-,ahfo 

location. Th,~ -compilingcan lK used to ~ir=n<;n=,1h..: SC'.Cl\.l(>n-cc infonm\tfon fbr dw donally 

ampUficdt-crnp!ah;s, Scqu-cnc-::::infhrrnatbn fix the donaUy .~mplifitd ternplates•tan 

w ddennii,e pha."'ingofmH: rn nKnti ,d.ldes dcweh::d hythc ~cqnen-cing, 

t 009 71 8.zNucntial S(xn,wndng hy any of the means dc.~tTibcd h,;!rdn can prodiwz: miz: nr 

rnorc scqucrwing rc,::tds {bruudcic tc,cn.·ptat:c:t;. The sequencing. reads can lwv\:: a kngth 

which may vary··dcpcndlng<.m tht particular .scqtwndng techn.oll>gy tI<dtt.:. .. ~~,.,. NGS .platfo1rrns 

orthotlsandsofb,:tst rniin;, Jn s.ornc z:rnbodfrncnts ofthz~ mc:thnd d(>-crihcd lwtein, 

scqu<XlC<} reads an>t\lX>Ut l h,isc long, about 2 btk~fs}..-Jng, abQntJ bases lmig, about 4 b~isc~~ 

Wng, alKruI 5 bH:c;:% lm1K ahont 6 h,isN,·king, about 7 hascs !ong,. ,Jbnut8 baS<"~ king, iibout 9 

h,%cs frmg, about l O hascs long" iJbout t21wsts kmg, about 14 buses long, about J 6 hii$CS 

long, about 30 hnscs long, 

Bbmit 3 5 • base:-; long, ahout 40 b,:rsts long, abont 4 5 bnscs long, abont 50 basts long, alwut 55 

bases long, ~dxmt 6ffhsrnN, kntg,. about 65 bsos king, i.thrmt 7H bt!lik'.;,, long, .ibt)ut 75 hases 

long, ah,rnt 80 bascsJong, Hbout 85 fong, about 90 bases l<>ng, about 95 twsts king, 

about J HO lwscf~ • long, about .11 O lxises long, ,1hout king, "~bo1.1t 130, 11h(>Ut 140 b,wcs 

long, .d.Kmt 350 bmiscs long, ;:dxwt 400 h,ise:s kmg, ubout 450 ha~f.$ fr.r1ig, about500 bases 

long, ahovt600hgsts kmg, .ab,M 700 bat-;(:s long, about 800hascs long, about900 basc-5 

long, :(bout 1000 ab,n,t 2000 bases, about 3000 Lt:;scs, .:alKM 40-0H btb(:s, ,'ibout 5000 

hasos, "~bout 60HH bases, abom 7000 busts, ahnnt 8HUO bmk.-., ,ibout 9000bas0s, :cthout lH,000 

,ibout 
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50,Uf!O bases bng., about 60,.0001wsesJong,_ ,form! 70,000 bw;;e'.~ kmg, about Hf!,000 bm:;c:, 

long, abo1.n' 90,000 baiws long, about i {H),000 ba:-:;(l:'\ .ubont J 5{) ,000 • bw:;r:,,; king,. about 200,{l{l() 

h,iscs long, abuut 250,000 b;_b.cs h>ng, orrnt)X-('. than 250,UOH hn&ts long, 

long~. ·at l<~:a~t. 451:i:Hst~h hJng~ ittlCusf 50 b~lS(~s hJH.g~ Ht- lc;:ist h~tist 60 bj:ses 

lon.g_~- at least 6~5 bases l<}ng:~. ~a le~t~;t 70 hHs<:~s ·~zl~).g.~ :at lCHst bas(>s lotli;,. ~~t l(~ast :go: b·.as~:s 

lon:g~. :~d lta.~t JJ O btt~')(}~Jntl&~~ at ldast f2ff b.~t~,;:~ Ht 130 bH8eslong~ 

base,;; at kast J 50 'bases fong, at '.WO basc:s long, 

300 hwcs bt1g1 •at· 1.cast 3 50 bases kmg, ;:it ! cast 4iJQ bns<:)S 

140 

at ka::;t 

M 

500 hust~s !ong, Ht km4 600 husos fong, ut kus! 700 bases long, ut J,~ust800haiics long, 

Ht k,1st 900 buses long, at k:a.:,,;t l 000 • bHsrs kmg, at kmst HJ,000 • basi.'.s long, at ka.:,,;t 20,000 

hase.s Jqng~. ar·h::-ast .3·0_JJ{J{J.bas,~t; Jon~;) at h:~ast 4{t00H bas<.~s Jong~ ,::tt J(:asr St.l~:t)()(} ha~t~S • lo:ng~ 

B.t ki.l~t 60,000 bilSCS long, ,:it kw,t 70,000 bnsc:,-;. long., at k,,i◊t 80/.lOO bases ku1g, at ktbl 

90,000 basrndnng, at lrnist i 0\\000 ba,;;i.~S, at least 15(\000 bases lon1r Hi kusf200,fl001-.wscs 

.5 to about.SO Nt'!Cs lo-ng, bdwccn ahont2H to about HHJ hM;ti king, bctw<:,cn Mxnrt .50 to 

i.1bout 2(H) Iwscs kmg, h.:hvt'::cn ahnut 100 to about 500 btsz:s iong, bctwi:~Cn about 2Ml to 

about 1000 bm;cs long, bdwccn about 500 to about long, between about 1000 to 

Bbmit 5000 bases long, bc!\c\.·ccn about WOO w about 10000 ba~es tong, bctWt'.Ctl about 5000 

to ttbt>ul 50000 hbcs kmg, ~ibdw(:-cn u.bou! 10000 to alKmt l OOHOH bm,e.:. long, nr mn.i-e Hn.m 

J 00000 l::m.,ws J.-,mg, 

s~::-queHn.' (HWfrsls 

fOOlOOj 

x~tide:.•'\vtb:·tit •-getH.l1)1t),llC:jt\t>d1t-/c:gi~h·in/hg(iJJC1-~t}lyl'.lorg::J•Iu:rn~trh.t:d.t?:::hgl 

88;:hgsfrJ 0 166260 i 05} S.eqm::ndngnmds tan be m,tppd •m,ing an a.Htm,Jtiv;;; souro: rff 

Tecan Ex. 2021, Page 493 of 1314 
QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00026 



P10H}11 

Upn);Jn, ! 988), .SA.i'vHoc&,,(SAl\4tools, Hfr:rinfonnafit:':i,.2009, 25{l6J::2()78y9\ an.d ELAND 

(lHnmina, Inc .. , San Diego, Ci\, USA}. ln zme crnbodirnt~nt, 1~(1qn(;ncc reads produc;:d by 

~equente•infonnMion tan unnprbt .infrrnnatiotl nvcr along0r dh,t,incc than m.1 

a-;,,ernge read length of thr:: sz::quen(ing pbtform Bemuse the scqtwnce informHfion is ;:;_ 
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tfrl~tlysis :{an b(>J>crfrHT11 ed ·,\,.; ith the >aid ()f a ,:ornputCr ;-;y:RtcrlL ln _:~(nn.c \~n1bndi 111(~:n:ts~ th(: 

cnrnp1itt.~r ~yB.tt:}11 :ttKt~cut(~}i instrtti::tin.n.'.~ crn1tai~1ed in a t:.t)ti1pnter-rtadJl>lt trtcd:i1n:n.~ , .. rh_e 

corh:ptrhtr -s~{sH5'.~11 Ci:H1 cnt1)J\t1St~ i:. prn{\:~.\stH\ ]'hC • pn)ccS&<)r t:::arfhc -as~oci.fated \\/idl{lfl{~:nt 

more controLkr,,;,.cakubtion units, Hnt!iof othz:T 

here.in .or known in the art Sm'1wmc may be cmtnmrnkaHxi to a con1p1rting device hy any 

klHJWn fQtnrnunfratiqnn:wthod indoding, for•mwmpk,.tivcr a 1-'ommunkatinn dwm,d MH.,h 

,% .a ttk,phonc Hnc, tht. internet, si \-Vin:dcss conn;:;,ctlon, or hy· a tnn1sportHhk 1:ncdium, 

a (\">rnputcr reacfabk fli;;k, fornb.drtV('.,•ew. The one or mNv st<:,ps of the n1cthod;; d<:$tdbcd 

ht:::rcin rnay be irnpfornzm1IXi as. vari;;_rus O!)(~nJtknis,, tools, blocks, nmdltk . .,; and t<,x:hnique:-; 

,vhi<..:lr,.in turn, m,:iy be impknwnwd in fin:ntvitrc,, hard,,arc,sofrwarc,, Qr iW}'f{JmbinatiQn of 

tu:w;w·m-c, hatdwHJ\\.and soft,,.,,·,1r(\ \Vhcn irnpicmcnttd in b,rdwJ!\\ sorne or .::ill of the 

blm:::ks, opctEitir,n~, technique~, ttc may be frnplcrncntcd in, ibrexampk\ an appikMk.in 

spz~dfk intc,g:rntcd circuir(;:\SlC), n,storn intcgrntr,d rirnuit{lC\ fidd progrHrnnrnJ)le·k,gk 

array• (FPOA}, or programrnabk logic army {PLA} 

t.nctMds prtrddcd hcrt.'.ht Tiw systcrn SmhndBdes H eentnd cornputcr strver 501 tfow h 

progrnmmd l(> impl,;.,nwnt cxo11p{iry rocthodsdcscrilx:,d bcrdn, Th(:.:s;:;xvtr•SOJ indi.11.ks H 

pr.:HX?ssing unit (CPU, also ''prt10cssor'J5(~5 which .om he .n sing1t core !)!I)(;t:%•'.lr, a 

t'.!,uf"'L':t.v ofpn:.KessornfbrparnJ!d processing,. Tbc.sc.rv<.T 501 alMJ 

tkctrnnic stqrage unit 515 (t.g, ha.rd disk); cqmmtinicatizms inkrfac;::: 520{c.g. network 

t,tfaptor) for. cnmmun i eating w1th mi.c i:w mon! other s1,:stctm,; and fKdphcn:d dcvitcs. 525 

whkh nwy in.dude c:~1,Ji.1.\ other nic,nory, d,.1ta ;,,tonigt\ m.tdiz:ir t!tdw:inic display .,1tlapwr:{, 

The m;;:-mor),510, storage nnit 51$, inkrfacc 520, and poriphl;:rnl dcvicts $2$ ar;;; in 
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is op,trnti vcly • ,x.iupk:'d to a con1poh:.·r ndV,·'<>rk ("n<:~twork") 530 with the aid <:) r the 

cornn)mtitutiou:'> interfatX'. 52:ll. Tiw rwtwz>rk530 ran he Hw hrktnet, nn intninet·imd/oran 

cxtnmet,.un intra.net ,1nd/or cxtrand·thutii~ in cnrnmunkation with t!K:lntcrnet, a 

tflccmxnnuniG~hon or d.atanctwurk, The, nct,vork 5JOinsom{.: n,ses, with dK aid Qfth(~ 

scrv<:,r50l,tan implement a pter-lo--fecr net~tnrk, which nwy <·nab le devircs;;.:z)upfod to the 

sfr.;/t.:f SOJ to bt~hrr'i\~ tt~ a client z)r a:~<~rt,'.Ct~ 

system indudts multiple scrvcz~r,s; 

txtrnnct nnd'ur the lntt,-nct 

information on a :-;nbject, sm:h tts, lhr ~:xmnpl(\ p!_ilyrnnrphi.;,;rn.;,;, n:mtahc,n;,;, patient history of 

thtr sul~j (~ct~ ticti~f\~traphi,:: thtta urtd/ttr-oth•er inf()n:n1itinn (}f·T~Otcnthd: J\Ih:~var11)~~:. • St1ch 

infinnuitkm can.tK>stzm:dzmtht storage•unh5J5t)rthc.s.crv<:T50l Jnd ~;uch diHii<.:an he 

tran&rnittCd thtnngh • ;_t 1l(;tv;,:{)rk:, 

t00ll0l 

he z·.mbudkd In pro.grnrnrnfog, Varh,us asp,;;cw c,f the t<.'thiwkigy n-i,iy be thought of as 

''pmdu;;.:1{" or ''urtid1.:5of ntanufo(:.turc'' typfraUyin thc!-hrrn.of rnar.hh10 {<>r prt)i.X,:,snr) 

t~x1.i,uuh!e•codc and/or associHtcd darn thd is ;;;mTicd {)nor embodied in ,i type cffmacfrim~ 
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cnrnnnJnic..:.t!lr:irrn, for exanrp!e,. r.rmy cnah!e k)i:.ding of the.M:ifrwarn fr,-_m1 one cornputtr dr 

pn_Hxssor rnto rm,ol.ht~r., Cil:H,~O!Jt,t, fron:i aniana1wr:ncnt Si..:rvcr or host cornpuh:.ir•into th<~ 

computer platform of an a.pp!icmkm 8cn,cr. another type of media that 

(}\·'Cr WH'ious Hir-huks. pl1ysH~-,1! tlcmi:.xits that carry snd1 

'Nfrdcss Jikci\ Hnks,.or tfo::lik<\ abo nrny bc<.xmsidcr,:xl 

HS \Vi red ,-_)r 

bc1:tring thi:.". 

rnany tbrm.s, indud.ing hut not Hmik~d to, fougihk .stm\igc Jntdili.rn,, K can:for 'NH.v,;; nicdit.trn, 

or physicaltrnnsmissbn rncdiurn. Nnn-vOfatdt: szonigc nif:dia ominc.ludc,,•fbr cs~rmpk, 

o:ptical -or•·t11.a.gn.tt.l~t-·ditks'.~ as .an:y· :O:f thc::st~)rJg<:~- d(~\,-,ic,~s:_•fn. an Jr·· Ct~rn.put~r(s)- ()f.thc--11:kc:~ 

such .ma:,,-- b,rw,cd to frnpkrncm fa.0 syfiltm. 'fongibk tninc-;if\isfikm m0dh~ tnn indndc. 

a cornpmcr systcmh Carricr .. wavc tnmsrnissfrm media may take the fonn of {!.k:ctrk or 

ac:oi.tstt<><:ir Hght waves -"'-lKh afi th<)SC grnerntcd dudng radio 

frcquenty (RF} ~tndinthrcd.(1R)•data. to-rrnnnn.ications., fa.nnmon fi)n.1h ofc'nrnpuwr, 

tk~xibfo dfok, hard disk, 

othcfmagnctfoTn('.-;Jium, ,t CD--ROlV!, DVf\ DVD--HOfvt, any.other 

(>ptic;:d m,cc.t,m:n, N1;y1,1<:,:;t ,'-it.)r:,t;lg i:ncdim.n with patterns of 

hnlcs, u RA\{, a R.OlV!, H PROK-1 and EPROA-1, a FLABH.cEPROtvL mry other mcntory chip or 

t~artri<Jg<::\ ~r tarricr\~{.avc trart~p~)fling data or instrncti<)ns,. cHbl,~s:<. or lir;:ks tr~n.s_po:rting s:trcb 

or an)t <.lfhtr rnctHurr1. fl'on:1 · \\/hif:h a cor:nputfrtr~.a:•{' read 1Ht\@ftH11111i.ng ~ode 

Md/or d,1ta. \-:fanyz)fthesc lz\t'H1-"'- t)f rornputor rc:;,Kh,bk i.ned.fo rmty be hiv-ol.ved in cnttyi'ng 

om~ ur more scquem::cs of nns:i or more. in:-;trnctions 1() i.l prtK<~SS(>r for execution, 
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in phase ha.scd upon said dctrcting. The mdhod 

,;.,;~.<..:·1,u~.,;;._, by•dK'. <X:irnputer exernbhlc codl'. cun fnrtlK:r ;;;z1nipd .. <K'. the Mops of (d}accessing,i 

~ccond datu frk in ('l)mputcr rnmnory that C<)mpri~;;_:"' a phirnHty of se,.p.i<;'.'.ndng read:-. 

limiting•r.xnrnpk,• the 

Pnulucb· 

(00115! Products b,rnl':don fh,3.~ rneth.od.:~ provided herein Tnuy be c._rrnn1en:::lah:;,-,ed by the 

.A -,~,-~I i'r,c.,11 ..; >ind1~r tl,,•, {),.,,~•1· ')n.·•~ fo . .i.'1.•i:l.\.>'.· {.J>,.-',·ni.<)l.' ,,\ . . ;. a i.-.<'~l).l'"<.:'t .. cr.J:d t.1.·,,1.A,.:11.'a.1.-i ••. ,)1'.'N, .. 1(}f-.-.:N ,::'..tf·'.·~ ,.·,;-~.~----, .. _, :{· .• . .'"-·-"•:-·· ·---~-,. -~·"'-" ... _"~'.-• .... ~ .T '. ' ') ,' ',...;· .... ,,-c- '_.,~,. ~- K ..... . ... ,._ . 
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idcntifYing an infoctious agent such as a virus or barkrium}. 

phasing nK':thods can be us,xLthr paternity h:'◊11ng1 tci1:wrnl>li;:d1 a fonrny 

EXAMPLES 

Exinnpk• .l ----- -Ctuu·,1ttN'ilatfo1J of the hmmm nnH mkrnbhnxw by sN11..wntfa.! s{~quriH.>:lng 

of lMtkthH l6S tiMi-;11nnil ~wtrnn 
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via snnin&fon ro an HV\c:rnge length of i oun hp and purifo.xi using Agt;m:ouri A\lPun; X.P 

btads {BcCkmun Coulter Gcnomics}. In somi:: c~scs., extracted DNA Is notstibjtctcd to 
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nptir:irlaHy p;;_'.!'fornK'.d with prinK:n,; that arc d@ign6d to M.'qu0n-:;;:0 udditioiud infonnative kwL 

ScqncrK,~ n~,id11 froni snccts:.:;.iv(>Prifning and :-;cqncncingarnrompikd l'hr•\'.?ach dw,;terand 

originating from thcsflmc nudcic add fragrnrnt$, 

$Cqucncing 

mltl 
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$}vlN. l. genc/$.l\-l'f\12 .ps~nJdpgcnc pHir~ ht itln1t t(Ub9ditne1rt~~ the :~ccprid sequertcing J1tir:nt.~r 

,;.:(H11pris{:fi .a xcquzincz~ \vhich is dfsigiwd tohybridi2:c tn a cQnxfrvfd sqrwnn~·sl:w.rnd by 

exk.ndsm::rns,a,, a kx:m,thatGm. dii4inguii;h S\lN '! andS\-fN2. ln rnK'.•('.n1bodfrnt.:'rff, Hw 

sctxmd•seqmmcing primer cnmprisec>.tll(~ scq1wm::e CTTCCTTT.ATTTTCCTTi\CAGGGT 

(SEQ. H). NO; Thc.stcw:id.iwqucndngrcad ,'± downstn.:am C b,=tsc can attli<: k'.lc.ns 

rrrnps lu the gmk. An oligrntw:::bod,::k :;d nrny indude prfrner:; that will fa.:qnence th.r<mgh one 

H:f th·e ·1ruc:l (~ntfo:kt dit.Tl~renc:<~s l:>(~t\J./{~en • th<-~ .:ger1f>}1:n.d. }1sl~Udogef1{~ a~{ \Vt">ll ".:1~ prh:11,~r.Si thJt \\.:in 

to r(\tti nuc-h:~Otidt di.t1\:~r,~nttsf ~ln:d. thert~fc~rt d.etcrnlinc vvhttb:e~r a 

t~r:qUt'11ting f•~ad :D4 tl-z\n1<t g:t-.J.H.~ or .it~+ pseUtk1gen:.0~ .l\ zx.rnib.i1u1titn1 -of such: prirne.rt~ \,riU. tdln,v 

n:luJtip:t~.:gctie(pseud:O·g~~ne· pa.ifs, U:trtJ~iS the ·:g~nu1rne· ti) .bc:_.al1a_ly2:cd_. ~~irnnltanenn~.ly· •fijr .geni_:jtic 

rnutation.s. 

Exampk• J -----Tilrgettd DNA stqu~m~lngJlhrary 

(00122! A turgd:;:d D.NA, sequencing hhnffy is 

pr(,parntkm kit frnrn NuOFN, /\gilcnt, !Hurn in&, or Nimhkgz~n, dcsrrilwd lKrd11. 

Iib:rnriz~s an::~ scqtwnccd zm. a DNA scqu,:;:,ncingsysttrn sudi as thost by f!lim1itrn or Jon 

p:airs {ir~t inj<-~t:t,~(l into th(~ ·seiJHz~nct~r tn at~t -as H prin1.ing site fi)r a sc<.:ond S('::qutncittg rc.:~.d... ;\ 

1>titncr s~:J J11Hy· inc-i:tB.:h> 11rin1ttf; :lha.t\~{nr st{1u,~n.C(} through tHl(: nf th:e~ ·ntitdz:::tJtidc diftl;rtnc(~& 

sequencing 

will allow muhipk gtnc/p◊<:.'.tidogcnt paii';;. ,:;.crtiss the gcnmnc !\) he c;tUH)i:c~crl fimtdHmcou.,Jy 

fot gei1etfo rnutations, Thi:-:: type of techm)k>gy is rn:;dht fair gynctic dis1gn0Mics, 

EX1Ul1Jlk\ 4 ....... RNA"St'(]Ufildng library 

{001:23! An.RNA, scqurndng Hbniry h<•mad"~•from 

Libnwy System, The is scq,wnccd mLm f!lnmina DNA 

M.>qticncing rcadina downstrcHrncxon. Tht scrond, Uffgctcdt,z>qucncing n~ad provides 

inliltln.adt).n about \vhich exons.huvt: 11(:\)H ::,p:iiced tog(~thor to geJlt.~rtrf)>a parti(:uiar FZ>~J\ 

transtript. 
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[00124! \Vhib pn:~Jern,:~d tnihodinKnls of di<, pre;,,<.~nt hiv<:.'nlfr.nt btvc been !'Ji.own 

d(:~rrib(\i herdn, it \viH !:n> nbvi,oii.s to thrn=;.e skilkx! in tlw art drni &uch frnbodirncntt; ~in:i 

pn:ividcd by \V,\Y of cxmnplc.only. Nun1,trons vad;.'\tions,·changcs, and sub/iititutkm~ wiH n9-,,v 

nr:curto thnM.~ skHkd frt Uhi tirt wit!Kmt dcpaiting froni the frivctnlotL It should be tmdtr:,tood 

stoiw <.if\ht invcntion•,md·thM rncfrwds urnJ structures within the s,:_,npc of these 1:Jaitns and 

tltcir Z::qJ1i-\.·ulCnt~ ·be cbvt~tcd. :thtn~b .. Y.; 
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c) (.fon.ntudngtfo:.: first Sequencing n:.:ad from Hit immobilized tc:mplak; 

s from the first binding 
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bJ 

cine nuckK 

Ll 

sclcttivdy hyhridizubk·inthcprirner binding site of the udaptrn oligrrnnc:JeotW.c, 
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2L 

round ofsequendng, 
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TlHi n1dhod of cbfrn 29, ,::vh<Tdn the• sequcndng ! ibreiry i;,, a who! e-gi.'.'.BZm'K~ 

scqnc,ncing• libniry. 

abrmt Hf kb. 

Th(~ nK:thod of any of tfairns 

ti:::rnplati:: \\)mprisi::~~ a plurality 1.c\f nuddc add tcmnl ates. 

TlKi n1dhnd of mry of 

t(:mp!ati::: fo coupkd ma unique addrcssabk location oft.he StqucndngplHtl<.)nn. 

40. Th<i mNhod ofcfatirn.39, co.rnpdsing (\)tnpiHng scqmmdng l\~ads frorn 

4.!. comprising• ddtnnining phasing of a phirnli ty 

TtKi n1dhnd ofmry of 
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44. 

45. 

tnixtn.r~ .. nf•secz)nd•• ;\·tqlienci.ng. pti.n:l{::.r~{ 

thrprimc,r p.1ir·is d(:.,,;ignq_l. tu scqntn(>C H 

b) in&trnnions for pn.tcticfrJ.g.KrnHhod of any ofthc•prcc{\ding<.:lafrns 

using the one or more oUgonuckoddcprirncr,,;. 

4T /\.cIJinputer rn;;izfah!crnediwn ctnnprisingcr.nnputvr vxccutablt code th,it, upon 

cxenninn by an:_ii-npnkr pn:_ii.'.cssur, implerncnt,,; a methmfComprising: 

aux:ssinga data computer memory that comprises a pinrnhty 

scqu<x1cing r<;,%1S corresponding 1n a firsr m:k.!rcssabk !ocnrkm of ~1 sz,qucndng p!atfbrrn, 

coupkd to the addrz~::;;sibk location to H Jfrst and at 1GH&t K SC{,ond round of &tqn(~ncing, 

wherein tlm first tmd .,it k~ist.seczmd.round.s of scqu<;:ndng arc p,:rform!.::d using a first and 

M.>,xmd S('.queneing 

c) dNenninlngthc fir.st and ,1('.zxmd detected n!!de tohc fo ph,isch:t<;ed 

upon t!K: \.kkcting. 

48. "The tomputcrfcadahkmcdiwnoftfain:i 47, whcn:dn the rnd.hod ftirthcr 

d) accessing a l:l(!txmd data flk in cnmpukr tnernory that cornprfaeii <l 

phinthtyof.scqtwndng reads t()rrcsponzhng to a second ,iddrcs.sabk·tocatitm of a sequencing 

kHrp bht tOUJ)kd M me addr<:~%abk kicatkm Io· thi:: first <lnd the ,~t k<bt ,stcond r(mnd of 

scqu;;::ncing, 

u.sing thc&!:\Xm.d data fik, dctecting·a. first·dct~X'kd allck at•a finn 

loci.rn of the stc<.md nucldt.ricld tcmptat;;: and tktct>Gng ,i S(XX>nd c.kltckd nHdr .Ht ,i s.ctond 

locus z)fthc ;,,(!,xmd nucleic ircirl tcrnr:ifot:.:\ <1nd 
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n ddennining the fost und ;,,(~cund ddeded HHdes ofdK! seczind mwidc 

phi1St.' witht!w first and jCC{Hld zhJcct,x:! aUtk·s ofthtfin,t m.teldc ~Kid 

in 
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!ocusX 

T 

t/7 

locus Y 

G 

A T 

100 b;,')%'. t€ild 

1000 bp inS€ft. 

F!G, 1 

locus Z 

T 

C 

duster 2 

paternal 

C duster3 
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210 

220 

230 

240 

2/7 

Couple .a nucleic add ternp!ate to a 
sequencing platform 

Subject th~~ nudelc add ternplate to a first 
sequencing reaction using a first sequencing 
pr!rner 

Subject the nudek add ternp!ate to a 
second sequencing reaction using a secon.d 
sequencing primer 

{optional) 

SvbJect the nudek acid template to an 
additional sequencing reaction uslng an 
additional sequencing primer 
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!ocus X 
T 

First round of 
sequencing 

Second 
round of 
sequencing 

A 

Third round of 
sequencing 

A 

locus X 

Jl? 

!ocus Y 
G 

T 

l 
T 

T 

FIG. 3 

locus Z 
T 

C 

duster 1 

C 

locus Z 

paternal 

duster 3 
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!ocusX 
T 

A 

First round of 
sequendng 

Second round 
of sequencing 

Third round of 
sequendng 

417 

locus Y 
G 

T 

T 

T 

T 

locus Z 
T 

C 

ch.ister 1 

C 
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517 

500 

530 

501 

515 520 

510 525 
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Cluster Cluster 
2 

* $: 

c~ 
~,1t 

Read -i o!igo riybndizes am:J 
sequences all dusters {i!lurnim1 
sequencing), The hNt.) du.stern. 
on the right represent DNA 
from a gene and as 
pseudogene. One duster {far 
tlght) ht% a mutation in read 1, 
but H ls not dear which is thfi 
gene and which ls the 
pseudogerw. 

717 

Melt away rnad 1, Flow in a 
pool or ohgonudeolide primers 
{dark mav and medium ornv) 
complem€intary to DNAi' •• 
o.:ontalne~d ln some dus.iers on 
!he flow rniL Read 2 
sequencing \s then perfonned 

I 
1111 

118 
1111 

V 

A mated pair of sequences now 
exist The hvo heavy nneSi 
sequences.can novr be 
distinguished from eaeh other 
by the cytosine ln read two. !n 
this srt:mai'lo,. that cvtosim: 
shows that the iight,·most 
sequt'lnce ls the pseudogEme 
and so there is no concern 
about the mulaJion found in 
re;1d 1. 
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i\ . (X,ASSJ:FK:AT(ON ()F sortH;(;T ti.·lAJ'rER 
iPC{8} ~ C':20 1/68 {2014AH} 
iJSPC -:~ 4:3:.5:/6.: i 1 

_A:..'i:i:frdi~(~1 tt.)Jsn.t~~i1~~ii)n~1 ·r?.t{:nt{:t3.::;sifi~~ti(1n {lP<:J <)r tf,i· .m.<U1 r~ati&n?.:~ ,d-3.;¼:ffi,:{~~it~t~ ;$;_~3:d i PC 

~,t:n:l'num- ,:kv~uf~~e{1t,~ifo~- ::,~~"rJi~:..1 {c~3!~i-fo>3~fo~i ~{ysH:rn :~~;n~s\~~d_:b>· •,c1~~sifk:~t~t~n sfr)~l>l'~h) 
iP(:~~)~Ct2(~ H·68;G--t(JB 20:t~;?~ 20!0..~~ ::::o.:oo .. il.V08, ~l0;\A1.·-~~H{t40i{it:~ G(V(:(~ {£Ul-1-AJ1} 
USP(:::-· -4afu:tti i ,, it 11_. ~~: t5:: .5t.~~::,i., 5_; i:S. 7. ·nt 2,:;~. 536:'23. 1 

f)~,~:um{:nh~tkm :(;{:S.~~,+-~-:{~.{~th<~;-·th&i~;: Wi~imw~ ·doctmvC;,~!~1~~on :~c-.th:t~ t:~t~nt thit_:!t~~th'·lk~~i~ro~-:nt~•a~~ in;;;k:dfd_~t::~ht·fiekiS:$(:~~f{too: 
Cf\1 ~: -~$-H(~3gl(){):£R!tJ t9f004$_. :2:2:•i(:/~'15$~\ 221S,".1:J:G~i96~ 2:.t1SlOlJ?tY?. 221SlUff?22~ (}l2tl 'l:/6$27~ 1loo63~ 1l6:$9 {2t)t~}.)$} 

~~t_;;;;: ~s.t~~t}di~~:~:)f:~_ito:..'{l d-.x:~rri:em.{: 

ttlfi~i~~t\\:\];-\~~~i;z=,y~~ St~1~~ t'f :~"M~~ :~rt. \'\·:hkh·:f~~ nm·~{;1)~~:~1~:·~d 

tr1r~~\t11r~i<~~i~Ol~: *qj~~l~n~··lt~~-p~:61i~~j-6:~ f~~~-S.i~tf·~~ $;5~::~rn::Jj(1ffi'{~ 

tg!rf:t;i\~~~flkI!it;~ •i~~g~:iJ1!f <l;:··t:1'!:1;~~~d~fi1~~:-·~~~~~~~.~~ 
~p,e,:ia,i t\~;:t~i:ti (:lS :t~t:i,fiW) 
ik;\'.:::nn~~~ R((~s-:~i~i~. ~\l -sn {~~l i:fa;,;J~)s,,_,fi~:~ ·~{.~~\ t':'t)}i:!)ilk~~; ,~f:t•i~,fr 
,~~;,)JJ~ 

~~~}~:JJj~f~l}t~:?~t~ftl·t~).l~~:•ini~~~~~1·(:x1n~t i1hng ~~i~¢ h(:t fa*~-~ tl$:l~~ 

NR~;:~· m)d::r~::iHfo§ ~ddi~-:!SS:~>frfaf JSA . .l1JS 
M~:l S:!t)p::PCT, Art~r l$~VOS. ,.j-f:m··irn~~:oi~.:fl;(:'='"~~iGnts 
P:,:o.: l~f;.(_~ l4~~0. l~i~)~:~'${ki v~~{1ini~ .t~~~H~F l~-5-0 
f~~~:~.imHc No, Z.71-Zt~-,~t~tH 

~~,~~:~;1!~g;!~!1t!!i~i~%~~;:~~1!ii~:;~f ~:/;[{t;\:~~1:;;;~t;~i 
tt:~y:;;1:!/\~{f{l~~~--:~~i::;~t•t~~)f ~;::~:!1~:~~:~~~~;;1~~!~)~!-~1:1:~lt~: 
~t3::f~ ~'-;:bi::n. ~h:::.J:~-:.uri::-:m:i$: ~k~~--~1.::....,fff: 

~]ffi¥E:f &}]Isl!i•~~~{a1Iii~:1~i][!f~~{f;j!;] 
·ctJ:)Cttfn~m ~n~n~~=r ,(f ti~i! $-;m~c.=l<:1.-:.('.~lt..·fi~h1i!j· 

1 5 JUL 2014 
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~ h~~i;;:.ntsli:oa&i «pp!~,::~~~;f~ :N6: I R.::TiUSWH.i02fU@ 

1--··1 
w.wJ ff~i:1"n$ N,1>.; 

1D 

t~~aus~ ~hey .n:~t~tit; _;_{) p,._"'l~t$ l~(1j_~,;,:: i~W:~xn~tior~s~k;lf}t}Hl.~s.th.1Jt thl{t ,cfo: :n(1t '\.)'.Hi\pJ)-: -s-.·ith}h(.:': f..'R;:%;ril~:~Jrc..~qufr;::::.:-r~!.:~nts to Such· an 
~-:,\;~l~r~~• ~Jt~t ~~<)Jnt3:ijng:f~~~ 1~t~~rn.-sik~t131 ·:~at,'h·~{)n he tarri~:~·tJ»l; ~~~C~ft:.;;aHy: 

~:..\s:• s.lf • n::{{uh'~i ~~dd~ii.;_(n~~ ~;~;fr::;h • tt°:.-:;:i ,;\~'t•~~• tim,~Jy: p~id · bY the. ~i~pHc:&3( Uj{S imtti~s~k>nhl s~~t¢h • ~~\~p,;.lrt C<)\t(;~~ S=H. $it3rch&ht# 
d;l§n:t:i.:: 

.!\:$.alf ~,:Cs.n::tt~bk d:~iril~ ·-~x'}uki :t:-~-:·· s~;-.:1t~h~cl :;;~·id~~t.fr <;~t)l.Jrtjust~Z~·fo,g. ;s.,:Jdi~ioms! ·fee;~_~·-thi~~;:\ath~inty•dfcl f::i.1t.·invh:e ·p2ynlent.◊f 
~rhtffk•n:sJ ii~:::. 

·As (:n1y.s~Jme·t~:fthe reqi:i~~d ~dditk'-t~~ttearc:h t~c.s· Vl-~(;~- ~hn.dy psirj_by ~~- ».r:pH-Ci$t:t:~bis int.en1.s1kmai :s~~~r~h ~~:r.~:5nt~:ove::-s. 
{)n;:yn~fj.~~~ r:13:~Bl:{ k~.r ~,·h~dt.:~~;t~~ <~~,:-:·r~. paid~ ~~~~~i11t:~Jty- t:foims: Nr~.$,: 

.N~ <lt'fiifftd ~~it1itfr~n~i~ st:~rt:h • ~t~·:, ~b\ttt~ t~~~w-J)' J>.;sS<fby • lh{: i!pptfo:~nt: c~Jn$ii~tst"fi~ly,. thfa inft~n$atfr>r12J ~-=-~ .. nih rt~pcrf >is 
t{s.ttk:~~:cl-:;:~:lhr· h~v-::~mk~J ·flr:~t t!1>~'tltinned. .U.J ihe·d:ain<s~. ~~ {S; <:,,vttt:d. by•<:faimr;·Nt•s::•~ 

□ 
[] 

D ' 

Th~ ~t:~i~k~~l3l ~~~l:.~~ ~~is \X·.::;:rf ::1t.C◊:n~:p~tn:~t hy·~~f {)f!11f~&~~f~:~- .pf(tt~t ~1nd .. -~¥here•·frp;J!jx:iibk::-·thf 
-~~~yru!~t~t llfRI•rotest-Je~~ 
Th{;: ~Jdhi<)n.3:t ::~:::«r~~ fe~=..:.. ~ve.re.•.3:{;~~>:,rr~fJl~tii~:cl hy {h~: «p-pb:-m1.r~. pt{tie~~ h~il ;fH:: ttpp-~{(;~lbh~ ·pr(H.t:M 
~~~~• ·was nrjt pi.i,d\~·}~hfrrthe 1fr:1e i-fo:1_ii>::o:~cH1t·d frf h½:i.::)t·1i~~;;,;:~i<,)~1-: 

Nt1_f~ti::ci~~~t :::~t(:~fu:p:.t":.i•~ed {hiJ1ay:mt~rn ·6f ::'u.iti{:~itm>Sf ~~-&~.h.· fo~S. 
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-~ 
,;;;;;;;;;;;;;. 

= = = 

~ -= ~ = 

(Wi \Y<irM .hitd!.etttrnJ Pifopm,ty Oq,;ani:aifom 
hrk::rn~~H-on~]·. Bti~~~~u 

(4:1) !:ufotnafonrn! FuMkaHuu !fat!! 
rn ,1:ty 2012•00.01.2012) 

{.51) J~~t~~ta~,H~uJal P~fknt (:1u~:8Hlrad~n):'. 
(4lh'1 4Nl{}R ftnH6 {) l 1 

·,. • ·' .• ·.'•."·'.·".·'-'· .. • 

(:;.fl}I.? 5(};/lhi {)rKX)Jn) 

fot,;nmfom~l Api,He~tilm•Nnm!wr· 

PCT 

P(?f>l?~20:1_i:/059~~42 

(22) fottrm,W;11<)l UJl:llt; H~!.;: 
~. - -7:r,~~~v,~~{ib~r201:1•HJ7 ,ll;:20J t} 

(i H) •• foi:en@t inni!l J~uh!.ksiJ:l(ai '.'hi m!Nr 

\VO 2012/061832 Al 
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25 

RELATED /\PPLTC.ATlO\iS 

Thi~ Hpplkarbn .i:s ac(,ntinuation--in-partd'JJ.S . .<\ppJk.-:Htkm No .. J:YOS0345, 

l,,cntkkd "T.JNKJNGBEQUENCE READ$ USJNO PAJRED CODE 

TAGS," whkh ii; a cm:,tlnuation--in--par1 ofU.S, /,.pplica:ikw ,1·.:1:h,<r,v_-:.-:":, fikd 

F::bnm:ry lH, ·'··'''"'"'"' ·'~-' ,,,.,,,,,,u,: .. ,,•, .. ,:. REA .. DS lJS!NG PAl'RED CODE 

, and chdrnsthe bcndltofpdodty to LtS. prn,,faimmJ AppHci.tfo:>nNo. 

tln1:1po.~.Hititt;;· fhfat intludr t::t~rt~dff tr~~1t;;fH">fo:\n :~cq1H:)1\Cc~~;. Son)e · su(i·h nrrtffr>ds· :<tt1d 

C()3i1p~}sitions• i:nt·ltn:h>·anH:iyting· :t:=1(g(::t :nu,:Jri{}:•a{~·kls, 

RACKGROUND•OF THE TN\/FNI!ON 

di~ign()s:h1g: h1f~ctioH:s• dh~-case:~:-;-: dl;tl;t~ting• arfd thatH:ttt-.ri:ting:g~;heJJc Hbh<Jttn~t1it:h~S~ 

\Vhh t~H±:tt·(T ~ 

dett~(~th1g ~~ pcc+fie: :nue:l,ri'e: • as:~ kl scqlJCnt~(~~~• ht .a.:.biUtogk~a! \a.rnplcjs :nu,~hjt~ ;1tfd 

>.cqncnring. 

N\Klz:k acid S\:c<.rutiwing mctlH>dology ha~ cvoh'd significantly fr;;_im tb.:: clwmkiil 

30 d{~§;radildon :D1ffhod$: Us Cd by- I\J;l?fiDj jrtd. (iHbt~i1 ::i:nd {he s;!r\ind -,~h)n~ratk)H rn .. ,:thod~~.- u&ttl 

by Sanger. Today scvtn:il,c,:0qncridng mrihudU!ogk:s an:: in use v,-lrich a!hw for tfK 
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[ 0 f}tst tr~ni~posat~t.~ n:>,:ogniti6H. sit:::-:~ a S(-:Cf}nd tran.~posib~t> reco .. gffiti<Ht she h~rving a btirc<~dt~ 

disp~)z~{~d•:fhtrt~l)<~t\Vttn:;. tu1d:• (c)•·<\}nt~lCh1)g;·tht.Jttrget· .• n.uclt~it • a:cid:• ,yJ:th· th.t•.plnratit:Y of 

3() 

tn,:n:,p;::,le,,>n ,,,;xw0nccs nn,kr crn1difo.1n,,; su(h Hrnt m p,:,rtlon <Jf,,;,,i(l phm~.lhy 

~;;,q(miKe, a.dd C\agmncntitirnl"), thcrnby· pn:p,iring ,i 

tcmpjakm.ickic add. 

contplerthtnt:~tryseqr~enf~:~-~ tn· ~ortre f::u\bodin1t~i1ts:­

strand barcodc cumr,rb-0 n1rn-<:;in1pk·m,.::nta:ry stqfwtnccs. 

cmbodi men ts,. the 

t~rnbodirnrnJs, the 

crnlx,dirntni::;, tht fragrn,:ni}1iion ~ii:ec,.:m:im·ise.~ 

i~; the sntn-e ~it(\ Ih ~0H1(<:tutbodi~nt~iltt::, :G10 fi~tgn\~JHHti<:)H 

fndorrucJea~~{~ :rett!gnh:ion \equence~ 

In \\)n)f ('mbndirll(!tl;'l, t)K 

fir:½:tprinwr >iitc und a fragnwutafam 

('rirnpri:<-<i.'.$. ;:i :,,;;.:qn;;.'.ndng a,fapttt tomprhlng a 

:--urn(;' ('..mhndin11::m~,.ih<i.'. linkcr <:oniph:,,('.>i a 

a 
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Sonw cmhndinlt)tlh induzk n:iftfa.,fh of pn:pa.ring a !ibnuy nf k,mpi ak rmddz: 

rni::thnd:c; iutlmk.: (a.) nn:rv,1ch1hr 

b,ut:od,;: :K'.(ltK'.HCt HJ,d a 

seqm:ndng ud,ipter disposed 

into th-c ta:q;tr :nuclt:~C 

tRrgt;{ nu,:Jz~k:.-;1ci4. b:•{· hyl1ridiling:.·a.· priJJH.?f 

s:~z~ond pritnf:.r ~~it~\ such tJuit thh a:tnp.U_fi.c:aHo:n J>roduft cornprb:t;s a fh~~:t k}iH~codt· sr:-qut·nfe 

11 !ibrnry uf icrnphuc 

difkR'. lll. 

$:():n\(~··:n~ieth{)d); • ~H~6 3ncludt~•·a·.sl{::p ~aib.~t~f{lJ(~rit.tz\·(z~) -:a~nd -pho:r -to 

t(~ttucin~r tb(~-• ntuJlb:er of :tar.g(~t- n1:{'.ltit-.n::;,:-id.- n10J(;cUits <:otnprising- in:~,trtt<!-•tran~p<JS6n 

S<x1m:nce:, .. 

Ln ,,Qmc cmbod\rn('nt::;, tks<'qiwiidn_g adapter ,;:ompdsesa 

a nz>iH:tsnphJiabk :c;he H'<,::f('.btt'\vern, Ln :--ome 0rnb,1dinKnt~, the 

ihffH,mpfifiHbk sik C>>mpiio;:fs a !HK>ldc Hdd, ln ,;:r1,1bO(!in,10nt);, tht nrnHimptifiabk 

ntielcr1Hde <1rm!ogut, ln H,,txic ·•tniD<H;lnnr,nls, the nrn:lt<rtkk 

nw,,::-naJt with C <:W ·r. 
Sum{, cmhodinwnts fodudc n:r:;;t;11u,(1~, e:1tiw,;~p,1xrnr iibnuy (1ft(:mplMc HtKkk 

rrn::thud:c;iududc;.(a.) pr\i\·kliugHhH1Wlnm ... +.::h::: az:k!: (b) prmridinga 

rrnt:n:<l)•d1.\-\,er1. ,i,..-11;,;·,,; ,,, the fom::odc <.\)mprh;i::S. ,t first• ban:.\>(k si::qnenct ,,nd It 

ba:n~:Z\dc ·stqtH~nte.·b<:ing :~{:J)tr.fJt0-d.-.by·:i. Euktf•:J.i~pt)f.~d ·thott:·1}(:t\\,"(:~Jt \Vheh~ht:thf 

iin.ktr comprise:-- a fmgmcntation :~he;• (c},mntuchng ifo:: w:rget nncfoic acid with the 

p1maHty rli"u-anspO~(W :<{Xflifr\C('.~ \lUdtr (\>ndhion:; snch that ai kwn a.port-km (,f::--iiid 

viur,HH:Y oftrmrnposnu H.'(gww.::.;::; intvthc h'irg<i.'.l nw::kk ,id.d; .,,rnd lz!Jfwgrnzmting 
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a portion of tho 

prinicr 

demcnl , 
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!O 

or 1. 
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Smnc tnihndimenb inc1mfo trnrn;posons pi\!panx! by the incthod of,iny unc <)f thc 

h:srcrinHl(' mdlwds of rm::paring a trn.tbp<.i:-,<m Sl'x1us::m<x:. 

Somz,•·cmhndinlt)tlh 

such rnctlKJd~.; inc1udz': 

;:idd t'<.1ttiprhcB.•rin:-t<irgd nuddc add and .11 plurality ofriwrken,·hwmtcd 

z:ad1 n1Hrfan- si::,qui:::no;>tumpdsz>;;a bm\:1:,~k l:.\>mprbi.ng afir::;t hmvudc .::i#\W~tK'(~ and a 

b::trC(i.tk SC(lt!Cl1C,,<, 

[ 0 Utr_grt nu~tllk: acid. Jl-or.n: s~~.id ~(:qu(:nte- dHht 

ht~{)Wm <:mbodhnenis, tlm l:rn!"O>(k i)f ziathnrnrktr is diffcrriK 

scq(Wl'K'-C <:titYUinSi'iW a fir,;,tstrand barcodc awJ;;:. stcund fJnnA ktre<,dc, 

mnhodimcnh, the firnt MrnmJ burtozk ,wd sti~ond Mrnnd barnozk tompd;,:,(~ 

~.tr:;md. ktrcodc cnrnprist JK!fa,<.:Oh)P!('.tncntnry :::0qu0nccs. 

z:rnbod1mzm.ts, c-bhdning SZX)lhff!Ct ,hrn O}rnprhz~,;; .hybr\.di:d.ng a prim~x W 

:~•t'(lU{~n,Jilg r;:~ad {:Olnp:rhfrng lhc .nr~t bar>:.~9de S~){flt.CTU~:c Qt SC:i~O:nd btul~Od(~: ~(~t}U(~UC:t of U 

·b~:rrcozk;:~ 

30 <}n0 tu~}M0J\Citlg tc.;Jds t~ptt~-~enting ~-:t<f~tt~Hce~r Hfti~H.>t:~H Jt~\(~utJr :othotiri the 

a(::id, 
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!O 

3() 

In S.(>rnc 0n1!:inditn(mts. tfai•wrgct nnckic ack! tmnpfo;cs !!Ctu:.in.-.ic 

Othc.r cmhodhm.mh hKliKk mtlfldai ir;;,.nspz)8<.m tcqutnc;.::s. Some :,,Heh ~ttdfki~il 

barcotlc. dbprn;cd thcrnh:.<tw1:'cn, w·herdn the lfalt"-fXlSsiiie rc,:o~nrtion 

barcozk 1.:;mnpri\cs fitstmd 

crnh\)(forn:mH, tlw first stnmd barct,dc and '.<Ct,::>nd sinmd b,:J.Jrn:>d0 qnnprb: 

c<.,mpl0n1tn1ary scqncnccf.;. 

Mrnnd barcodc c.ornpd.-,:c non·<i.lrnp!Gncntary s<:qiicnt.(i~. 

ckmcnL 

(~n1bodh:ntnts,::_.tht··JhHz~-::r 

c·nJbt)dhncnts.~.-the:-Iinkt~r .;c-ornpti~ci :a.•frfagrncinatitJn -:t~l:tt~_. 

z:mbrnlirncnh .. the fmgrneniJttirrn ~itc t~(miprbe,, a ffrst nkkHsc n:cogdtizm scqumttt ~md u 

''-''~·'-''J"''-"''"H stqtmmix·, \v.nc1<:.'tn the cw sh;; fr,rc,:tdi rtcugnitkm 3,;'.tFwncc 

fir:½:t prinH~:r Site~- Ja.son1.e.ernbo:d:i1n:;n1t~~-tht•.stqn:;}nting:.a:dHpter ct)t:npri::;~~~s a. ftC~)nd 

ln. so:n1(~ • zn:nbodirntnt:-\ th~~ ~l~-qu(~ncing adaptz~r l\J:nJ_prk.:;t~s .a ·first prin~t,~r SH(~ 

embodiiticnts, the nrni--ampfrlhbk sitccon:1pi-ist::> h in1dek ;Kid. fo.::;ornc etnbodimenrn., 

ib~ nmi-ampliffablf 

urT. 

In ::;6i11t_~ t'lnb::)di1nexffs:~ the fink(~t·:t:<~r:tlpri\e~ · a:·-seqiitnciag•-:a{t~.pt0r cotnprisihg· ~l: 

primer ~iit\and~t sceorn:1 primer sitc,hm'lng afrngnK·rrtatkm site 

Jbi.'.rtbctwC<.'.,l. 

fn ;,;ornc embodiments, a ~equei)tfog prinmi i~ hybridiz<i.'.d to 
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Somz:•·cmhndinlt)tlt::< indudt pnpu!Htl(ll1S 

phmi!Hy nf any on,:: of !ht to1{1,c:,>rn1,t <tttrtici:M u·an:c;p(i:c;on s:txn:ici::1c6s, 

Some cmhodhm.mh ilK'.imk target HU.:'.kk: add:-; thereof lw ving a. 

1wpufation ()fth;;: ,irtlfidal mm:;n,:):-;.;m si_:qr,1<:rK{;:,; the artifkhl 

tra1t"-p<i$<ll"l•$z<quz<n<:1:s t~otn.pfi@ any tHW of the Hrtifo:.:hl m:m,~nrn,on $z<qti0,11c,;:,s t.k:c<crib,::d 

h;;:r,:;in. 

Surnc·tmbodin:knt:,; Nw,:1.inirion••~• \'.ttn.i,,,Hz: DNA frag:nwnts or 

! 0 !lkn:mf hm"ing K pnpnl&i<in <,ft!w ,,irdfo::iaLtran$pu;;,rm si.ccqw::tKes integrafr:d thetdn, 

,~·h;;:rdn•thc m-tHkltd iratispO$On M:,quci)c;;:s t{irnpdst any ;_me Gfthe ttrtifid1il inrnsprn,on 

3() 

tz~rnpJat(~:- :nue:leic a;:}id~~ intJH.d.z~··ttt .. lt~a:st >i __ -p6rho:n•.of•a•ta.rg~t n:uch.:):ic ac:ld-t!r•l..~i)PY th~;\rr·of 

~tnd nt1e<l~tt\V<Jtna-tkers ins;t:rted: thet~.Hri~ \Vlt(~rein -e;;~ch n1atkct sequ_cnc('; con1prists :a, 

bttrcodz~. 

Ln M)mc cmbod\rn('nt::;, 

Ln ~,(;-nir: embodiwci-ih,.thc fomx,de cnmpriM:S ;:\.dcrub!t>:,trnnded r-nKkk HchJ 

ernbodimcnt:<, the first Mnrnd b,inwde and %'C<md iitrnnd lMrc<ide c<,rnpdsc 

cmnple1nenrnry ~i.:xrm:.'.tK'Ci;, ln snmc embodir-ntffb, the firntstrnnd Ninx,dc and f;,_x:,md 

S1\mc emlxidit@rlb abo indudi;: a awl 

having iht: at ka,.;t a 

Snnu:., .:e:rhl>odhne1:us iiJt.;tfinclude. ~i: ho.st tag .. • S::)1nt t~rnhodiftH~~uts also >iJiclt~(h} (:t 

host tag ~rnd. a· ~ecr~nd .h~J:&tta.g,: h~r~iln~:; • the t~J least <R purHo:n of tt targJtt: r::uck.~:h:.: acid or 
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tnH):~po:--H:;.;;_'. re~~ogn.ili(>n 

ihcrcof di,;;pc,;,;cd ihi~rcbtt,,,._,z\~n. 

ln \(>me tn1tl,)dm1,('.l'•!:;, 

Somtcmhodimcnt;,,; fodudc a ph.trnHty oftzm:ipfah: jn.iddc 

kn1pb!(' nntkic add of m,y Oflt of ilK' 

;:,f :-,Jd plurality crmipd:,f:,; afrrsth<H'Codc, and <t 

l}<l.J\\>lW, 1,vt,tntrn ilw firnt 

! 0 banxid,::s art indicative (lftcinplutc nu;;::kfr:: ,itid Kcqucncei; b0ing M}acrnt to ntw :Jnother 

i.n a. i(XJtH=:ncz~ reprtscntati,c_nt of the tH.rf;ct n1:.lti0it -a~id~ . ln<frornt ~111bz)d:i.n~teHt~t the :fit~t 

Son10•.0rnhud:\rni;.,,its 1nt1mk' ·s11bstratcs <:t)U:'lp,Jsmg n:u<:.!<:001,Wt stqiwinc;;:s ,HtadK!d 

of tlrn template 

dtt,crihtd lwrdn. In some cml:mdirrn:.•nts, tlrn suhf,trat0 cnn inducka suhd-in.ipport 

~:tlttt(~tl Jh)n1 the _gt-01.tp c.or~f~ istinir ()f :~phtr(~::;:: :rn:it~topartic1es ~ br~adB ~-- nn~n:lbrancs~. ~Udt·~~ 

FIG. l 

rc(\>gnhhrn scqucnc<.'. CJ b:;dkatc:c- a tmn;:,t)<!t :,·t(lut:nK:c ... Th::.: Unkerscqncn1>::.: is 

indkatd by ure(ctiw/k doub.lt txmkr. CJ' indic~itfs as@ond baR'rJdz, SZ?<}U(:ntt, 

fJC,;, l dqfo:Js.,t d.oubfo,st:n::.ndcd trn.n:--JWS<}n stqutntt c<,rnpri:--.ingt.1·anspo:-;on 

rctognilion· site~ (]~ltS. and. 'TI{S )~ }t -Jitrgn1(~:nh1::tion site~ and a b~~rtodt t\~tn:prh;ing: f~J1tr 
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5 

20 

FlG. 6 il!m;,r.H,:-;:; gap fill--in and ligatkn1 f('a.nion:-:. 

F1G, 7 dcpicte=; -,i,.,,..,,..,,,,.i 

FIG., 8 depk.:t:,:; a c;)nipkx: with 

cn~Mrn:~ iJmt·a known c1.m:1bhw.1irn1.of codc,, i:-, hifrtru.W into rn.rgct DNi\, '>Vithzmi 

DNA. Thk~ c,.,nfig;un.ttk1n afo}\\/0 !in.king DNA fragnwnt& afrer 

fragrnen t:;ithm . ti\ fog thr s.\>(k t(>tnbimition, 

FIG. 9 Hht,traws~,t!,,nd-di;,.ph:{.:t)mcnt t,ynihesb tQ topy kkntka!Jfa.nkfog 

gcnomk 

F1G, 

·rtK ,::-nds of thv<rnii:--p osoib. havt 

two .A e:;pceilk cndom.ideH~;~) fragn.1cntatkm system niGks each xtra.nd. D,)m,tmatlon 

in which C,l(h DNA. 

&-tE %'.qU('.!.K:::--, 

FIG. 

FlG,. lS depi(h a library nrep.arndon n:rnfo~>d tha.1 mv,;,ive;; hgMinn nf a. forktd 

FIG. 16 depict~ an excmpfary:--chcm('. to prcpan:.'. a !Ji:iuspo:-:Ni &(,qu<mti; with 

1Yvtr:-K compk:mcnts 
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5 

stranded A'H'C1H/F'G'HT' a:nd s1nglr-strandtd AHCl.)FFGHL 

1n 

W fUkd--fo rcgizm can % a ho:,t tHg. 

FlG. t9 sho,\·" ;,i rngrm;-,nta:i:km mctlwd 1,1,fo.g in:i.nsp<i:,i.;mt,:; tlw! 

(iplwnal step 

a pdm;.:"r H'. FrngnK"ntation of the Hnkcr.gcnt~nw.:.:s 1:, Hbrnry <.,f kmflh,k• nuckk s1tid:< ln 

the fiHcd--in rcgk,n j;-; fodicM<:.•d by a thicklhit, 

FIG,. 22 tkpkt" ,1.n t~xampbiy embodiment using tailt<l--Qli/Qm.Kk<)tkfo;,. h) obi.tin 

a p1>pnfotion ofttnwh1tc 

!lw prodw.:-t~, of :<.tq} J and he extended. AH,.:-ni,Hi,·dy, 

with the h11.::lu:;bn 

2 

trn.n<.'.ill 

2 c~m lndude an amplifk:,iibn 

a.tid B' 

FIG. 23 Hl ui,trntcf an i:mbodin1~nt for C(;i:k-rn.gging individmd tn<)kci1k:~; 'Willi 

:,irnp!itklltfon . 

.FlG.14 zkpkts how linked. tmnspQson ends result in fragrrn::nkd DNA, 

linking th{\ top and bottom Mrand of 1hr target DN.A, 

FtG, 15. Turgued T\lgmcnMkm m,ing s:,=DNA, U) .L:OCH~H•lX'.Clfit probe:, 

arc annc:,,iJ,xl to rngi;m:,;. of imcw1<t ln !he denat.med DNA smt,pk. A.nZlpth:>nal ''g.:ip-filf' 
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·1:ar;;:;CW·(!" Wgn:i".irht!i<m {a.nd 

5 nicking) at;;itcB wh.;;re the oHgo pr<heB hHve·anneakd. (4) S!rand-dfopfa""etMmi 

nkks. into ampli.fhbk libr-,:1ry ckmzm.tsthrnk(:d by 

pdm('.L pdnicr CMl be WK'd in.,isub:-;1;,•qu<'.n( PCR 

tdpl,::x .forniafinn w;ing. pydmidini>fkh (l!igcmm.:.:ltntid<:s, or 

cknwnts 

flG. 18 depict;; a scl'h~.inatK rctm~st:;iH,,,fa.,n 

') 

Wi:•t,,nt:i!;;; ilw s0qul'.'.1x:s> uf 

FlG.19 ,:fopkb an cxz~niplury tmhodimtnt of a method 

FIG. JO depkt;; an exemplu:ry trnhndinK'.tlt of a. mNlwd that inc!mk:'." opti<mal 

-~kp;~ <?f arnpHf}'ing a tarrwt t\tKkk nc:Hi whok gzmtmK~ ampllficrrtkm 

In ihh fiikcl-in region i's ltH.!ka!td b:/ 

30 FIG. J1 depic:t( an excmpbty nnbodirnNrt of a rn(:th<;d fot,i(,;;crnbfrng )hurl 

sfqU~')ncing: rt~a:d~ nsin.g ·a. lid.ked. teitd ~aiiJ!{~g~;t~ ()pd~JhaJ. :-;ttps t}f: sub ... •:,;tn~npling~. todt1 

aHgnJnent :rtnd ~~~ffn1bly~ ·and gerh).nt~> H~-s::.:~rnbly Hr~t~iJs~J 
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2.0 

30 

FIG. J:5 tHu,:;tnitc,:; 

FJG. :Hi depich u 

DE'T'AJ.t.ED DESCRiPTlON 

that lncludct\irMin ttan:-:fhW<A) :K:qw.::uz:cs, Somt imch rnctb<:>th ;ind cunipnsWOnf: btc1mk 

(knt,raHy, mNhod~ofurmlyUng nuch::k acids hichidf 

rd' th;:'. target rmddr a,::itJ from such 

tni<llu(m1,!l m,:thods rs 

('.Zmtig:, me reqllfred 

i.\1lettlu{t~, such ,is paired-1.:nd},t::qut::nG1ilg{,an be u,,;rd to rnitigatt thc•diHh:.:ultk~ 

t~~x.Grnbling ~~(~iJU£HC·:.? dat~t fi~nn1 TH{iHY 

rneilwd~rcquirc hH1gN tei111:i!f;,W i-rn,.,-,i,,1.,' ,;1,•1,1;.: 

C)_nl~{XlUf)ntry~. ~uc:h nlc~thzt:dfr rt~qUirc Hfsernbly of fhe short:Qr :n.~.ud~ 10 obttdn Ordering 

fa ~,~llUcnce: ::!\::i,~~eS<;nt;iti0:0-df lhC tfarg(~t :n.uc·ic k~. ~fcid.. Shotgtn~ 

~<~qu:-:incitrg{t.ppr-oach:::~~ • nSe~ 1)'.Ni-\ frU:grnCJ)tu.don ~ h{J\\.\t~/.~r~ ntdtr inJ1)rnjadoil +~ 
.durfng.fn~{;tn<~nti~tit>n:: ci'\di/,tnt:lgf(iw:;iy sornf-tn-cthxtd~t· iin.d .• curnpu~~itiq:ns p:rQ'Vitltd.•.hereir1 

cm.1bc lN'd to obtrin MK,ncr read:-: of kmph!kni.ickk iith:h; in·whkh the ,:.,nfot 
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5 thrcrisglwut the target ntickic i,cm. 

\ViH. be i.mdcr1>t<wd,ahh,nigh H han:.\1<fo fri~qu~:ni:!v zli;_;p;t~~t~Xl it; 

a d<nihk":c;rrnudi:d, mu1,;;i\le<l strud:u:rt, a. uH,fo! haitodi: ~,an doubli>strn.nckd reg.kn 

compitmcntary or1wt min(::akd. Forexan1pk, two 

(:an 

! O compfonrenta.ry • in .;J convent ion al W\ibon"Crkk b,ii,.t>paidng, 

h,ctvir1g,l tiwg;mtntatkm$ltt di~p<i:-;cd tlwrd:ictw•czm. The tli:M barcodc$cq1wncc ,ind 

sccund harcock scqucncz'f, Hh:n.,Jtic<l (k:Sl.JM,:iw;:d btp,tlrcd with (lll('.<tii<,thtr. 

Hic!HS<t:J,~t:M with u l;cz,ond btm:.:odzi. 

lz<mplak mic!dc.ath1:_.,. 

,is~,,;.•mbk sr:q1u::1Khig data from iJK'. Hhrary of ternpfak m.itkk acid:--. Fm· ex.unph\ 

l<.'mphlk nucleic Hdd comprbing a Scc<indbarc(>ck %'(1UK'nc:: t!,itt.h, iwfrtd \Vhh the first 

lndkat('.i,, thut dw fir::-t Imd Slc:CfHld (,;.'.ntpfa.k nndcic m::id;c; fCnf"<.c'.St::llHtz1,mrn,ce:-- ,Ajad.mt to 

~-::ql,rno::i; originally iid1,m.>('.Hl 

intrndw.::ing (,nc b&t\:;;:,de 

paired b11\:1.>d<\~ m,,1gcain, 

ofth('. two Ekspitc havh:lg hetn 

30 bi(>i~Jfbfn1~HiC~tHy~::niUch as :t~H)h·:d.i',Jidt~dhalf tou:glit it; ·-othtr 

··rhns~ R-~e(li)enc~ rtprcsenhH:io.u O:fthc:. tHrg~t nncleic _ ~_u:-id t;;:.u1 b-:.:\ ti~sen:1h·k:d 1)y i(h::ntif}"ing 
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!O 0.t{foHfons 

l(}'.4470 
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\.~ S~ltlJJhni tn1d: P ~ J)an. 

-''-'H''"l'"'- t:·t aL, C~hrtrt. S:ot. 

!O mtiy bi: single sita.,Kh:dt>r double :>tnindtld, a& spet)fi:::d, or<\Jntain pt)rtioib·c,f both dnubic 

~,trnndcd or•i,ingk str;:;.11d.td ;,;cquciwz:. 'fhr, mtekk Ht.dim1y bl~ DNA, 

\:cmi.nrnc orz:f.J)',l,,\, ,:>r a hybrid, from. si.ngk cdb .. n:ntltiplc ~:db, Gr fruo:i rn.u.lHpfo 

rnotHg;:ti<,rnic sample:--, sudi as cnvimnn,tnfo1 &<Hlipk.:ir 

as:.frd ean contajn any Cf>rnt>lnatk)tr o:f d:eoxyr:!110~, and. fffH>.;n:uch.:;ofldt~s~ iu1d. a.ny 

cmbodimonls,.a•pn>inhcn~>us ba&e ,;:an ba.:--.;:.>-p,\i.r whh ax•kast n.vo 

and H<.l tnnre thHn lhrt\> difJUtcnt t}l)~S 

inc.hidt~$ • ifrosiHt-:: tha:t 

lnthtdo n:vnu-xiim:i:niu:.\ .::H(tftmin,Jott, 

3() 
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!O 

Pn.i:~;~, l 994; and $, Vcrma and F 

Ckw::rnlly, moditfod ph<)$phatc p.:wtkin,-; crnnprisc tnrn1ug5 ufplh»-ph;,J,;: \\'l'ii:J:e1n 

rephK~d with 

but ,:ire nnt Hnritfd to plioiintim\,tln,x,,te, m1<i$l)!11nt\l(h!lu<i;,it(\ r:tu:m-HH)n>Si'.ltuc,a.t,:;;, 

Pfll')'~PHi.,tr1d'ls~:10,n(.l,rti~, phosphziro~mHothim1t0, • pho~:r,horanilidat:::, phosph,}rntnid,uc, 

ifsuch 

lirnimd m· 5-m.Nhykytosint~·•(5mC); C-.5--rimn-;·n1v1 ,i1unr1~~,~-, lndudingbut not liffdtcd .E\ 

pn>pynyl--C,u1d (>5 rH·o-t)'-/lH-'!--U: 

analogs indm!ingwith<mtlinlitmiou Bz-A-LNA, 5~?vfa:,,Hz-C~LNi\., dnif-0-L:t;A,. and T, 

20(}3: '"-•V.)<>-"-'·" 

ot Y~nwdificadons where Hw2'· or 

ulkoxy (e.g, mcthnxy, cthoxy, Hl!y!oxy, u,,@,rc,Pi.lXV 

hy,;,!rogen, hydl\'l-KY, 

buwxy, isobntoxy and phciwxy), 

and W)Chargcd inJtr:;,;nbunit hnbg:;;,,, 

and mJr!rnrgz:d rnorph<,fow" 

U5. Pat N,t ,_,,.v;,~., .. ;,.1\, 

a. crnn'1;;1nim1al sugar nnd 

r;;:pJ,1('.,:;:<t v,-cith h 2 .. amhi;:,0thylgiy;;:im~ nrni.dt bm::kbn1it 
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!O 

to obtain ~igXta.b~ 

can tn1 cHrt.ied :out :to 

bw-,0~. in t!10 imc!cic tdd forget TlK' pi\x:i.::ss 

compktion, which hi nsmdly i;_kfin0dhy th(: puint at whkh 

,1,:M;:,:<,;&, coinp!dfon can (X:cur fr_,r ex,irnpk, ()!KC acksir('d 

a.mount i.>f :,0qutnc0 irrformnti.ortkrs ht~t:n obt:d.m~d. A sequencing read. c;:in lk C<ffrfod 

n:1nkcuks frorn. which Signal :,icquhitinn was initiakd, 

hihiutt~d K,r om~ ormore targN in.wkk· w.:-id moh::;:mks th;'.tt urc prcs1:mt on H sol.id 

krnnnatZ'.(l npon rz1rn,:,vai 

H.tbsmnx:., St%(Utridng cmY he k.i1ninah.::d by othm,wisc ccm,ing 

n:nclz~:~c: ;ltd.ds that• \~\.~r~: ptc~t~:nt tnt the:$ nb:~tratz~ \v.h~}n .tht 

s-t·qtHincing_-run. :~:vas. ihh:fo~t(~(L 

m.itkk: m:.:ld. The fo!\mfatthrn c;:i.n he in any 

including, fdr t.K'iimpk, a <kpi;;:tion, .image, ;;:I,>Ci!T<wuc t1,1cctr,llnl, 

T1w information can b('. ,Hsingk monoiw.:-:r 

rnsolution or at lower rc:~O!F!i(i!\ ,'>\<Wi fbrth in frirth\'::r dduil bd,1w. An CX(~lnp.lary 

ot RNA, hHving iiuclcotkk miil:c-., 

knOY\:'11 t0qu0ncc rnpn::stni;1dmi for DN.A tlrnt can •hli 

DN.A .o.,,,,,,v.,,,,.,. 

30 huviug rntcharid<: kmih, 

A:e u:wd herein the wnn '\H ltast<.tpor:don''and.br granm1aticai•eq1iiv1iknb thereof 
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trnnsposition rc,rct1z-m. 

ina 

!O 

J 

30 
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5 Trilns11n:'l-i:n1 s1.'-qurnt'!.'t. 

$omttmhodimfnt;,,; pn>vi<h~i.! h;,:,rdn inchi(k trnm,po.)ion Sl);J\.tl~i:lc(i:,,_ !n sornr 

embodiments, a trnnspm,on s(xJuew.:-e includ,.::s at 

!O !lkrebehvecn. FlG, J 1.kpicts .:,i $C!ietnat;1t 

A trmJSp;jSrn:,f i'('.tO§:;W!Wn 

:~trnnd:;,: h (kpkts:d hi FIG, 2. ;,;nmc · rwbodimtrl.h, • <! trn,t~,r:it,son wqncncr can inclmk 

at .kHM 

"'""·•slng.!t,~strandtd •sN1utntrs 

Cnlb(dimcnls. the ll\Hl:i;i)()i>.Clil 

20 strnnzkd portiom:. 

30 

fh~\-.L)f{i\ \Vifh. (:•n.donncJz~i~St?~-•~~uf:h• at t'Z~$trk~tion z~ndz)H1Jth~a:;t~s~. 

HS sho,vn in FlG. J, 11pper part This ;:tppr<mch av<tid:c; s;:;qm::,Kc 

1;;orn~traintc, of hl.Wrmd nkkfog nx;ognition shes, The usti of bjofiu-fabdcd ptiitmrs nrn 

ulh.nv po~t;.,afnplffica.fiOH r-(;tur11. to ·::.-dn:gh:-.-:~trH.nded h:inph-tH.:Ct"I. 

1·0 a:void: 11iih])inS.; \Ynth<~~ii3:n1;; Singh:~~:-stn1:n<h~<l tnin\pOS{Hif {~Bn bf: i,ynlD{:·c;izctt 
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..... difftn'Ht first ~mrl setond b'uiisi:w@st rtt<ignHfon SN}tHtnce§ 

5 A pa.rtkubriy•u;,xJ\d trnnspO,'-On scqm.mtt has diffe:rnnt trnfli>f)O.~,asc r<.'.tog.nithm 

serpH~ncz~~ and rz~d-H\\~_-tht=:: -~~ubsr)qln~nt :fiJrn1at!on .• ttf.ll~tirpin strt1<.~tnrZ:·~. 

,\ trnn,;,poson can trtHizs: ,rn. \'LE tnd 

(inner er:1d}-·cnd 

fViE:?. 1. An 

!O mi fE. Prepffts,tlon\.>f !he trausp<is<i11 ls :s!wwn in FIG, 4. The di.:-:gr,;;e ofdUfertJt>.::e tan lK 

dt~tetrniu<.~d :by sc~rc\}:ning: for hQ\\,·. n~ntzfh Y·ariathJn ra.H .br rn\~$t·nt in th<~ :::~nds i:{Yalh.nv 

<'.tfit"'.ttnt ti·anqm:sitfon .. A <:t>,nbinatkm oft\¾\> difforz,.n1 <'.-nds tb::il yidd 

eHk.k.ncy can b,;:: eho~;;;n from this s<.:;rtrning, 

trnn~,posasts, a:~ in FJG.•5. th,:c tn:i,nspo%ci:Se nut.hi:,cn iriw singl('•sinrndcd 

ON.A sud! as {ht inWrmd tftllNXis,mr st(niz::nct. 

gnp C<ln bs:fl!fod ;t-; shuwn lll FIG, 6. In thb fignr(\ 

inh> tfa::trnnt,posi>ti_and no H.,,u·.,.,,.., hairpin i;,; formed, riimt ME1 rrnd \{F2 ,~re diffon,mt 

20 l!)OJWd strntturns 

!\ 

frrrmlug.H "lonpcd" complcx{FIG, 

tzmfigurnd1)n thm favor;,; the ''bopu!'' 

;::\1mc !;.>gz::tlwr and 

;;.bn1::rb~i:ition of the l>.:V(:> lHnnid .rhH1spO:,ase tnlh~-: • an{! tan irt~.prn~le the· :fit~ld <,)r~~.h)npc:d ~~ 

(~i)n:iph:~t·t}n111atitin. :;ind stabiH:re{hiC fh1al cqntplcx.;. Su.clt ;{-Qt)n.figurafion \\:'o:HLJ ab~o 
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i;: lo::;<'. proxi mH :i, (:urnhining lwndi ng u f trnnspo:son 

DNA, :,vith if',:1uspo:sas;;: c<iitiplex ihnnahm, 

b<.indingDNA induzk ~urfocc binding, km·inducti6n, dwmi.ud 

For rxann:,fo, un lHFpn.itdn--DN/1 n>mpl;::,x nm b~) 

k !nd:-- DNA at H sp<.'cifo:.: ${'(lutnct, 

hlm1duction of ,me Dr i1Kn'c 

of !he trn,nsnc,s,.l n 

!O po:sithH) th« ME,tnds in H dtsfrtd posh)nn for "luop<.:d'' ;;:oinpfr:x fotrnafiun. ·1·hr :,ig:eiH:'< 

AnNb<.•i· approach fo,,\>riug "i.,_,-,,-,,,d· • t,rn11~,,nc,st)fr·tr,rn,::;i>v~ai,1: cornri !ex fon:rnHion I:s 

k) rdkvz; tornh.inal ,;;.ti-z:::'i::'s, inen:a~fog n.itationat fl'<:tdum hi onkr to 

'"'·i-"'·'"q"" in.lapt ,i c<implcx formation . 

As 

Snh,cqncm 

tfo: target, DNA frugmcnh<irc erc,Hed with ;;.'t1dts 011 the.tmfa, allowing ,·od~-m:::d1Hkd 

a,-, .. ;;e,11bl·y Qf ihi~••\cqi:wnc.ed DN •. A. .. !h1grntnts/lihrnric~s-

Th0. prcparntbn C{ntrPlf;~;cs the• looptd czmfignrf,ti<.u) cmi 
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conditio11·tn:snref •that 

intrH.--<o:~{)!tcular cotnp.k~x. 

A \Utl:"('.qU('.!H 

a c{mccutration i.ksircd lo, insertion. In 

a.dld;t;1_)H ,l:t H"Hll:,j){:,~;oib to in:i.nspo:,;:J.,,;(~S Cf<lHk<, m1 

!O A.nother rn1bodim1ltlt can involve nicking oftirgct DNA, which cxploirn thtguK,niic 

DNA. h> pn>vhk tht junz:tkmtag~. Nie.king ni.t:th()d:, can Hl,,;t>he usedin•C<)rnbinutkm with 

iran:'>p1:,l"<(>n 1m~frn:,ds.snd1 ,1:-; prrcding; r,r fr,U,:_>wingtagn:Knt,itk,n .. -Any rnd.lmd thi,ti 

n:il--:ks_ a Kingh} Atrand Qfthe .targtt flt4/\ n·uiy· Jx; prefr-:r~tb1y th~JAC that ntndoln 

eJ.t:cyrnd, orchernkHl .n1t,thods to rernovc ab,bc \YrHu.:·kotidc from ,1 :Hngkstram!. 

ScqucnG,.>;~pedfk •nicking·n:aynw~; indudr Nt(\iFH, •Nb,Hsml, Nb. B.hvC't Nh.!:%r.DJ, 

~md Ntf:btNBl {N,.wv England 

Hio!abs). 

t!K nkldng. Dcptndingo:nthe 

ligHti(,n HlUl'lU.tJ·l.,l:,,i;X/ ligatkm fa<:Hitated by 

phQsph~)Qlhlt{on Qf the oHgo {).r fi1<~: ·Hh~ke_d tnd .. 
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s0qu0nc<l., m' ,;,:Htt be a nuwrai1y ,.,,.,(•J:,,'1',n,,., seq\Kii1I,t:, such as ag-codc, rk:<(Tibcd lKrdtt /\ 

b>~trc:~)d.z~: z~~~it. c:on1pri:;>(~ Jlf k~H$t abuut L;, 2 ~ 3 ~ 

lK 

a! kn,,t ab011i i 0, 20, 

n:ntH.>iJi n:1tnl,i\ at km,t 

!O eomprbhtg han::odcs is d1J'fr.:rent In s .. >rne emhndlm0nt,, a.t lt,iM ,ilium JO%,, 2Z?%, 3(fh,., 

diffbrnH. In rnore such 

popuhitinn of nm.:l0k> acWs cmnprfoing ban::odts s:.<n:r1 be ra:wJo.mty gtneratd ct non­

randnirdy gen<mw;xt 

ban::odt: s(~qucnct·; c:iH\ be• identified <)t des]::~nated to he: pa:i:r,~d \'.tilhthf: recond ban:::cKk.~ 

Hr&t hars::od;;: &;;::qut,nce<~m lxkrn>,vn k) bi..: paired 

tht stomd Ninx,de se(it,,er;,;:(> 

con1pdst th;;.: n':vtr:w con1pkmcut ofth<, _-;,t;.>Om1 han:'.odc se(flm:nct::. ht some 

trnh\)dinwnts,.Hw frr:-;tb;irct,(k :-;rqurnc;;: ,md the second b;Jn:.codZ'. :-;Z'.qnti>cc aKdifl<:A!nt 

sdf(t;;d ('wfr,.:-;M1pkd) tn c1\:~ttr: un\qiu> cod(~ .... x)dt pair.:-; . Thc:-;e i.m1quc l)i .. cotk 

c<,rnbi1rn!inn:'-- ;;an thd\ bu identified b:/ M.:qu(:udug the ti-Hll$J)O~tms. The p,irtfr'-ubr bi-• 

code. cornbi nations U\, ~mdf~,) pn:~cn! in the foiJ! prnJ mY dekm,iined ,md al knv creation 
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!O 

An Hdvimta\W \.if thl:~ HP!)J\!ach is thafnm 

F(,t tMtrnpl0, brsftu a:n-'1y k(:hn<ilogy tan 5Y"tr!fa:5l<:(Hi:"al1Sj:>O,fa:ms 

arc pn::'lcratii y (io\,1H•:;;;;i;;:ctel! 

cod,;; 

nc,:n--rnrnmc Ci.>di:'-Ci.!rnbinHtl;:,n.,; 

o!"ti;:.,!tki•n:eclon~: or sub-

difi:b:f,;_,n(Jrn1hpos(>1is, Taking ,i tn,tci:,<,n higb--,:omplcKity p<;,J r05Hlts 

co,k-n>mhinationc=; l<:)r the sub-<~,m1pkd fhwfrmi. 

ha! f•t!'..1l"li>IHt§Ol1§ 

wmpdsinga <Kmbk-sinmd 

,.,,,,, .. ,,,__," barcodc scqucn1.x:. As wrn lx' 

hi am>fh,;;r n:n!:Kidiment, • code i~i.imbi nHth>m are intn)duc:t:d ufrcr thr:nrntkm of tfai 

non--Hnkcd \fErcgkrns CMl gtncrnh:-

he p-rq>iwJ(j az; iHm;trakd in FJG, U, 1.n 

he fotnH.'.d frmn "t:alt-tn,m:~pw,oris>, tad1 

C(.infainingOnc l>AE rngkm Mrd ~i nrndorn or specific ;;;ode n:gion. Thh, g,merntcs 
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a ,wdeoU<k, a 

<tmiuo ,icid, pcpthk, JHAyfK'.piidt, ot protein, 

!O, U, ht, lS, l7, !9, 

linker can c;;_,niprb(: aLkti~t aboHi Ht 

,~ non:arn p1H'hbk· Hnl:wn; 

The cc-des gem:tatt:,J 

an,oriwr, CkmHim'atim:t <:rm,d<'.S DNA 

Ntr<:{H,tc ~eq:~xene:~~~t \~an 

\v·hh o.n(~ ~t11other. 

ln ,tiKitlwr·cmboditncnc nnn,,impHfiabli:: 

rcgknb {FlG. 13\·whfrh tan he uscfol ,h11notlwds using:bl"c<.nJ%, m; in Fl:G. 14, to 

R\)und 1 in. the :fi.gtrrC.~ .it is preftn~bh~ ·t<~ perftn·-rn. ~~n an1plif1(:at.i(ffl ,:-;dth :pl :_prhtl(~rs :td 

iiwrca::.,c tiw nwniwr Qf Cf>pic\, ~mdtG qrnw\; that all tc;mplatc:s in tlw pupulaifon am 

~--:::\JM.t'H(\~~tbk~ ... I~i\1:.ruph;~ .{)f; tl(tn<<n.nptifiabl.t 1ink~1~ iJlthuJe z>'ft4B1dc. chtJn:i~tr~y .. liHkt::r~ 

sw;:h ~is alkyl, propyt PEG; non-nat,1rnfhasD$ stwh as fauC, i~;oG: or ~my group that doo: 
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its_ t~:ornph~]11t~nt _ P(Jl!. 

fr;;;grncnt; flrnt Htr c;:ii:h.Hnggcd, 

Fr:igtiK11taHon at the 1inb:r site nr•a nn,i-.impfrfoihk Jiub:r um nxlnct imdtsirnbk 

arnplifkatkm acn.l$$ tn:ni\po~;@1s, ., _ _.,. _,· ,, .. ,,-- uftlw 

[0 nn<.hi~if(~d proHHtts .. 

fn $.On)~} fJribtJdinH.~nt~~ th,~ lb1kcr <.;an (:tjJilf~:rk~t a t}1tg.n1r:ntati(HJ-Aittt __ /\ 

fi,agrnr::ntation site can_bz~ :u~t:d{o{>k~a\··~ the phyjh:]aJ:- but_n0Ltht~•intbn:natizn1HJ 

compdr;i), ,i. rc:-ctrk:th . .m 

"""""1»·.,-,,,..;;.,- r;:smctK,n ;:ni.kmtidea.\l\ In 

l 443-!45 l ff 

30 ·d0oxyrib~)nU<:.'l<:01ide i:rn:(f :i rit~(Hn:l~~1~-Utid0> (::.~ui refeLto thtf chelnical :c.:l.t':~rv~tge a,t-:;>-~nt ·it Jh)-t 

(~ap~J\1e. t>:f cl(::;t\)Jni?,: t.he:--ph:osphodies:t:(~r l)(Hid ·brJ\.\:t~itJ1 t>..Vn -th~t~xytibonHc.h):Oddf·s· undtr-th(~ 

f,1:mc cnnditinn>.. 
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~(~·z:tu(~nccs. tcw a ·'""·"·"·''"' niCking cndtH1ncle~tst~ that breiks nne strand of a 

do1~h!•t-~\trihd~d t:hz~ •Jh:!gtnc11hit:b:)n .. $ h~ 

in 

!O Clnbodhneitt:<, ati ,ib;bk ~ite nrny be crnat:::d within tnJ::u,rnim.,Wtu}n fir:<tprnviding 

a fr-agn,cm:itkm she n.>n1prbing • a dtnxyiu-i diiie (U). of a doubk silAn.zkd 

rcim>v.;>. th<: nr,1dl 

The pd.rrmclt<ltidl~ stnind ni.;1:'i1Jtt1ng 

<)t ~dkalL For t:x:a.n1ph1\ g ... {Y>~{) ... :guanhl(~ C'.H.n be C(~ff\/fitfd to an ~~bat;ic 

FPO 

In another('.xamph.\ ,t fragn.·:.tntMkin :c-ik may in<:lrn:k a dkll whichptcmih 

ckn:vage by i!'Nitn.icnt wl!h p,:;m:;t:Kne :wdiam perkiiJak). In anothet 0:i-;ampk, a 

ckuvabk tnnkry that 

!·'.tH.,t,.);:::n1mtrca.1 clt,'lViH?,~ ,irn.:,.n:np,b;,;,;~:"- any 
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10 

3() 

Sterling, 

ht ,.:;QnKi tmhozHmcnrn, a frngm(~llMioH:, itz: om indw.k a iwpfok, 

conjiigatt stnn::o..in1 in ·whi<+i a 

m1y other \Hitablc•nwan;';\r!'non--t~Hzymatk chemical or phc,Rithrmka.l 

c!e,:ivage, In :zorne <:.mibndinwuts, a o.:mJuwite betwe.en pq)lide and. uuck.k 

nuckk add c,rn lx: prqJH.rzid 

!n oiii: sudi ttdmirjm.i the ptptide Md 

rniCkk acid i:ompmhmh of the zk(lnd amh1n add Hml nuckoddc s0qiii.:11:c0 <.:'Hn 

by standrrnJautonwtcd c:t,ti1:n0Ht i,y:!Hitit,m k,ct,!ll<Hh),~, 

thtn. c<mjt,gffted in Hy w,1y .of ;zxarnpl 0, 

commcrdidjy av.;s.11,.atHc from Ckn Rcscarnh i~ hastd on the na!h·c llt;i'l.!H)n 

c·nJbt)(lhncnts.~.a- 1inkc-r can. be .. a "\;equenci.ng -a:da.plor~~: or ;. ❖&~)qln)nr.ing 

~1:g1on th>It .,'.i,ff1n,n«,''' 

a 

<:mhodilrn:nts, a I lnk<:r cornpris0:c; 

otitntafam, or indiffon~nt•nti(.;matirni::;, Jn one trnbodiment, the ptimtt sequern:<, in thf 

linfa~r cM1 ,::c,mp!(:nw'nun-v ~w-mUf!~:i,,foJn. in mwtlK:f tmbodimcnt, 

prirucr }.;(~t}U(~.nc-:: 

(}tnbodh:nent~:~ ~i Hnkt.\r cau • inclnd~> a fir\t a s,xx.md priln(~r $lt<:\ 

1H>n•-,tmplifoibk sit;;:. fo 

t6 hh:)tk z:Xh~nsion: 6f a p<>l:lnli(:"1{~{}0<.h:~ st~~~tt~d bet\=-..,·ec::n the:: fitit ~tnd. •~e(\)Hd p:ritntr 
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and pn1ypcpfoJc. 

C,G 

$(Jrn{t·tt1tb{){!irrn=)nt~ includt) a. lin.kz~r C{)tnpri~~iH%LH first prirl1t)f • ~;ht\ 

fragnicrHmion iiili.:, a1.'sp,o~,t::d mt~td),ct,v,:;t~it 

Otlic.r cmhodhm.mh Cim u;,;c ii fotb::d 

<11rc,~'.l1,~\1H1! ~~)q1.ttiidng, h~; • dt\Cri bed 

/tffinity fags 

!O lff ,'-Orne cn1bndh1wurn, a li1)k0r tHi1 tompd~,t im id17nHy Affinity 

Iividin, inthHlittg, .bat nm limited 2-imi:nobintiti,,tksthfohbtfo, NtutrAvidin 

(!\-:l,\k;;>uhr Pi-...,1},;)S, EHgrnw, Oreg,), !'<'l(l!t<:Ulfar ,·, 0 ,,,.."" and the frh,: binding 

20 proteins pcpti(fos, including niaJtz>:w~ni;ihose binding. protein (MBP ),. riddmn-cak imn 

bhrdiug•pmtdn··pepiidc (CBP); antigcn,a11tibmly,, .• 1ni.t!uding: cpitzirh~ ,tags, •foduding •c, 

DYKDDDDK.C ff)NO: 

cxrnrn>!t, dinitrnpheny! 

apHm:rtis ,Hid thdr te<ff(\Spon.ding 

ff) 

QPELA.PEDPED• (SEQ .JD 
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R.t-p(1rkr • nwkdes 

Ln f,,_\ms: crnbodhnuns, .a linker t:,w ci:m·ipri~e a i-,:p<irtrr 

iht Wrm ''f;.\D,)ri.N ml>k:iy" Mrd grnrnm:Htk:ai•z:quiva!zmg 

bbd,.<w 

5 r-nuktit~, cim be u~,ed n:wHwds and c:nmrH,shh.in;; d<::scribtd herdtt. 

!O 

individually or in rnmbination. with on~ pr n1m\).diffbrtm rt)pmiQ' rnoi.dk$. 

rnJt,Jb,o,,)!ie:,, chr<.n11dgcrt::;:-:··:81J2)·1ne~~ ,:_- int{g.(~n~• in{~h.uJiHg: ,~pi.top~-- uigs_~ scx:nir,olidnCtdr 

ru~JHX~ty~~tal~ ~~u(~h -~t~ q,uantun1 

p\-Ki1J1l1ors, rnrn tarth chs:hitr:s, trarnd!irm rneta.l chd<,te:;, nc~u-Ainfnm,d dyes, 

(~lt)t~trz~~hen1i.lurninrhccnt~~- Jibc1~~ ~- and_ rha~~~ :\p<~t;trf>nJt:)tt)r--conrpa.t:!bl(~: nJpQrt~~r•lll{>h:~·H,~s.; 

with the m(:.ih;,1h ,md r1.>i11position~ (!(~scribed Jmn:.'.in indutk :.pectnd fabds i<Ud, 

flut1:r1)scein .i~~f>flliocyunatt .. ·rt~?\:u~ :rtrL.rhbd:a:rn:inz~,- atld: th(~ 

beads; nwgndk, t:'.kttrk,ll, 

foernial bbtb; m)d ni.bs.tig:.;, Rqi<,ntr moieties tan ,ifao i11clnd0tn?ynws (hors0rndbh 

l)!'~--t;,,.:,iizix<:ilz,,Jh.'., bi,:;~p··oxazc,ly l t,cn2:,::rn:, 

helkbdgzmin, idrncyclin(:. 

h_ydrnxycoumaril,, pix,i10:<<izin<:\.Cf;licylatc, .::;tlnphanl'h:idln, !XltfHrrr:n:t, triarylrn0ihM1c::; 

30 ,md flavin. flH.lividual•·Hw:.,n)$(:Ciffc<HHlKmnd$ \,;·hidi hntctimt{!kk$ for\inkingto;:in 

rkrm:,nt (h::sirn.biy>:ktt~cizid in an i:lpp,1ratus or iissuy·fH\Wkkd l,frt1n, or V\hkh can bf 

to im:orpnnlt(: :c;n-d1 nmctinnalltl.>. inch1dc, &i,1"'-yl cHion(k\ flu<n:csctlns 

siu::.h- ~1~ 3 ~{i.;·dih;{dtox;-/··· 9,~;pht'.:n:·{lxanthydrUt fhi:)da1n:hud.t~othi9cy~nu~:tt; J:';~ ----ph~Hyl -1 : .. :grnino~, 
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dhklhnn hi,cnnid.c;.&ttbdn<:.'; m . .irntnin;.::,1\2-(W--<lnthruyUr:m.!mi.w,;;:; (bnsyl 

5 phm,ph;'J.Udyldhunt)!am.int; N,N'-di;:,t:Hldecyl .z>xacarbocya.tii.i1-::, 

p!"irnwlc.ne )b,i:~biI,.mm.x.az1.>ic: p-bh,(2- -1-i1lcthy!--5-pliiinyi-oxa;,:olyl)}benzc,Jc; 6-­

dimdhyl a.m hw,. L Lb<mn.iphenazl n: rcthi,:,l; 

!O diiz>dide: ,,:,u1D.>miphthylhydrnzonc of hi>!i·,h:nr•rnn· ftrh:,rciU:'in:K'.'{C:!illt; 

di:n1t~thy:hH1):inn•--·4---rlleth~/I:--:2,~r:r.K~J---3 --.z~·htonit~H)/l)n1ttleitn.idl~.;. -.I\J---(p---{-2b~nz~·f:lli_daioly1:}-­

phenYf}n:urleh1~ idc:~ NJ/!··l ni1.H·,niu-1yii lrrmtcm-H<W: trM :11omo,,;suln !K 

nicthyl-coumm·inr.;, quantum dob{ah~,;·Jtfcrred to as "rn11iotty:rtti!S'' · %'t U.S. Patent}.;<,. 

LU{?ifr:r \"1;>!kw,,, (\t;;ca,k Hln('.,, T1.:xui; 

In 

1:tt:o:~ymicllt<)S1,ui~s,,. nt)QRUltl.Gt:,~; i<l(i~;. ()r n nd(iosl,k • airnk,gnci~, .. 

c,m b('. prq:,a:rnd 

30 .cxten~.i(nt !n $<}HK'. such crnb:.,dimenb, ;:i: ponion of a 1rnr1~;r,oson tcquctKC 1nay b,::: 
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Sitt\ i'l 

~sruc:t1u-e ct>rHpfi~ing-a-•.fitst- tr~ut~posu~e r~<.:\)gnition 

hare:ude ~~t~qut~Ht<\ -aHd a_ frtcond trtu)spo~ttSt~ 

nX'.OgnitiOH \itD, !n 

rmd the ;,;~x\1nd btu-.::odz: SZK[HCnC!:\ H?ffK>ciivzJy. 

Some rncthodr.; ofprq>arhlg tnirn;po:c;om, scq1Jcm~<::.; can foC!nd0 rirep,,:dng fxm:o<lc 

t:n1bodin1cnts:-. ·atlta.sr a p<.n"tion nf ~t bHt\~th:J{~ St·i'J1J(~nc:e-s:::an h~ geni:jr,;:,tttd -nn:u.Jottdy. Jn 

s-o:n1(\ e:rnhodtrn<.~nts·: a b;:trz~:;Jde Stf{U-(~ne:e can -h~~• g{~neraJcd ns~ng-~>ornbi:::1atotiaJ n1cthod~t 

mctbodr.;, barcod;;, .i'-t~qw:rKcs nm wrnprb,0 on;;, or 

fo some emhndlmcntK :at kast n J)(Wtiun uf a hart:\);;k: s;;,qm:-nces cnmpdsing a.t !Nist nnc 

subunit tcT1;;:rnttd 1~1ndt)n1!v nzn1--nm,,k,rn!y, will Ix: 1mzforstood, in some 

cmbodimcnls,. at k'.a5t :,i nnrtion of a barcode seqnfnci: 

Primer ligatcdtn the ends (!f the hairpin :~tructtn'i: in orckr kl g;::ncratc 

a 1.\>mpk,meutary !';trnml tn the <~lnglt~+trnnd of thclm.irpin !';tl'rn)ttin:', 

crnbodhncnt (>f H ,ntthod of trmJdng a. trm:rnr,oson H:,qucnt::.: 

An cxempb.ry 

flG. Hi. 

bt:':: :nt~{H)rst~)od th.at tht ptin1t:~r sht~:½; · faarn(hJC:Z?fl to gz~n(~fatt Jh·c :t)On1ph~tn(~nHu~y :~trtu1d n:iay 

bt~ ·rcn1(YVt~d· by· a-tran$pos:asc during 

:,.ome 0n:1t;r,(Hrnc0uts, nK'm,,:ic,s il"<Hhr>o::c;on :c;0qu0nc<.:'S can irn.:Judt 

fnz\)JTK5.rafing · sz~qllZ~HCi:'>\ 1~~~ fng anlpJif\citt'iou :nh~thz1d~.:;. ··rernpla.t(~~~ fbr ffrnpU:fiz~ation · thitt 

inclwk ih:· 

<-~>~.ctnplaty .e1iibl)(Hn:n:>nt iK :~Jtpietcd ·:ti1- J;J(;,t • l 7~ (,/her~~- taih~d-~bHg(>nu.ehx)ti(h:~f t(;:n1p:riSing 

n:lQ:~ait> 0le1ncnt\: (\{E.) .t:nt~ 1~~td> tQ. -pn~\parc a tn{n~ptJ~t~u st\Jt~l~n~e cun1_prbdttg • a. harc<.Kle 

t:qrnpri~;falg.C\n-lc .>£- and.(~ode··;:(~_and H:lh/kcr C\Hltpr-ising a ft}tg1n~nlationsite. 
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m:.id (:an inclnzh:: 

can include DNA, RNA, ptptitk tinUcic add, nfoiphofow 

[ 0 0n:U~Jndin1tntt,;.,: the target n:utJeib ~tc-id ,~dtnprisbs. h6tn:opo(y1net seq_uentts. l\. 1a.rget 111trl6i6 

achJ can nls<}.JncJude·tz::pz~a-t sz~quz~nct>~~ J>t{~p(~;:Jt. ~;cq1ittn:x::~~- ca:n·_be. ;:H\Y -<lf a v1td{:ty· o:f 

plnrnlHy 

!}n 

;nKkk.adds minindI,dc '.';Ubsta.nfodly 

germmc, The plnndity d'rn..rgtl nm.:.:ltk add:-; titn hK:hide ut kast ap<.ntion nfa partkulut 

gurH}n-1r~.. hi p:;:trt:icuhu· J~Jnt)odi ::rlr:nts 'the pQrHrHl ~}::tn 

hav:e an 'Ul!PDt1i1n:itthat l~ at tnosta:bout 

30 i:~tJd~. rH~{Y lx\ ptopa.t\:.J · f}\>tn rrncleic acid in<det:.-:u h)~. obta.ihed frttrH • a ~ingJi~ (~rg~~nh~1n far 

:tl\>n:t poptHHtfrJn0. qf :nu~t~:ic acid :niolerule;~ Obtafnttl.frnrn n.Htliritl Sf>nr(:·c:,~ that:iD:{~lu.de {}tk~ 

Q:rinort ()rg~H]i\Jllf. S<)urc,t\ Ufnncleic a(;id tn<)l(\>u1~:;~ i:nth.nic,..bu:i t~re n<~t 

tl%uu,, l.xgans, or organisni:';. Cd!s that nmy 
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s 
pn>W?<m.u:-: •and -:,t)K'r parasite:-:, and aninwl:,; (hK:luding 

~mdmamn:mb 

lO \kthtHh' 1)f fWtfH1ring Hmtp!ak n uddt ;ldd~ 

Stm,;; tmboi:Umcnts hi<:h!dc intth(>(b ofprC'.p«rlngtcrnplatc .mitkk mSJ:,;. 

:-:C'.qn@c(: nn.Nidcd • hcndn with ,; target imddc• at M inth0 prt:;;tt,(x, uf an tm:,-::yrn(\ sm:..-1-i ;;1:s 

a tra:n~r~{)~af{e • zJr intt~g:ni~t\. 1n1dz~r-{50Hdifions.·:~nffkdt:nl· t1tr th~)- lnt{~~~~:ra.fi<H~l 

ln:tm,p,(l::s•on S<.\jU<.!tW1> into tbe target nndck add. 

For 

c:-s1mpk1, tra.tispo~;on :,cqiKnct}:'> cm, bz~ h1hibfo:x\ ftvrn fotq;rnfrng into gmn.mik DN./\ 

<:.c,m,m\:>mk 1)r,ot,,~n1S. g,momic \xm:1mw,rn;{ dwornahn,. goiornk DNA <;:(>mpdsing 

transposon 

e,g., hi"'tnne:,;, dll'on:mtfo-birh.folg pn:,tdnh, tnm\cdpdon !ktors, iifrdatinn 

30 and a:nt\hodk\ i>r· anti !J1:)d\' th1gn:1cnN that bhd tQ particubr sn:prncf.,~:pGi:lfic m.icl{"!C' 

a(frd-:-binding prott:hlS~ rn )i!J ex.~n:Iptai:y :crnhntUrnt.nt a. trasJ\p<)~on :seq:n(~::nce • is· a.s~:~)()ated 

1?{ith ;;u1 affinity t~f~F stHth tt;;:_biotin; ·thc·affinity :ta.g~<~H bt ;;1~t~tH.:;ia.ttd \\:·hh a :nu<:J(~k;~:ac.i,h 
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5 

!O 

lt>Ctn. <?{JHJ(4: tag'~ c.a,n: f(~fCr tf~ -Ji target -rniclci-c acid_ st~q:ut~nc:~> thiJt :is dupHcatt_d B.t 

m1.·1nts:gr::it0d tr:,Hhposon st\.im.mcit. Shiglc+tnrnded nortknis ofnud;::fo a.c:kh tha.t 1nay h: 

gf~nerrtt~~dJ;y -tht -instrt:ion oftr~1:nsp9son seqnenc~s can 

cc.rn;c,~urn:-0 ctn.iCkotkks. in thi> Uirg:tt nw:;kk ;,Kid, 

fo ::;ornt tmhndinwntit -co11ditions for inscrtlon of trnnsposorr scqntmC<:'.S arc 

suffkkntu>nxh.it)(: the hk~lihi..ii.ii:l i.,fforming Z\)!lcatairn.:rk•(:(\mpkx:;:,~·coffiprkfng a 

tnn1~J)osa~~t as~.tX::iate~.J ·\vith :n1:or~} thart one ttanspt}StH1. >St({Ut:~tn:.:t. In "<.n1c t.xj:.tn:1Jllt~ 

!n ani.iths::r csampk,. x traw,posa;:;;;>.'trnnspo~on 

~-i:(!W.i!K'-C cnn,pkx may bcpn:;p:;1rcd h:/ preparing: C(impJcxc:s eornprhing panfal 

t6 OJHt a:n:,)th(:~ t()_ ptt:pate.:.~~ ·\vh<.H.b 

c6tnpri::,i'tig :tt din\0f. 

Sotnt::-·:t:n]hodib1ents int~]ude ~tcJet~ting {joJ1dh1.ons:.·suffi.z~.ieht 

a.intibp(Jts,:,,n :>(\)U('.,K\:: imo ,~.targ<:'.t mu:.,k:h:., az:id., hnt not ink> an<,thN· tntrn;p1:is,on 

st:qutn{;c.: ./\. variety: of n]t:thodS c;:tn be used to red nee th~: Hkcl HH}fxi that 
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3() 

1comprist a l)NA RNA 

cornpris;ing DNA tnim;p1}HL~0 r(~•:x,gnit1un 

~tquenct'. .::ornpr!S('.:- a· :singl{S---strandtd. st·t1ars:tt~t\ fh.rther (:"t)tnpri~~ing_ ~Jo1:1bk.~----~tra.n.ded 

lt vidl b(> a:prn-z~c:h~:ttNJ fha:t n).Ort-:: n1tthods: can inclndt 

tra11:<JXl$<m $z<qufnc,;:5 ·corn.prh;ing $)ngk-MnmdcdirncJ;.c-k acid:,-;. to inhibit irnsmr11,(m 

the trnnspnqrn scqiwnce; trn.nspzi9_rn s;eqnenc,$ compdsiug RN/~. winhihit insert.kin foto 

,N,oz::MtW wiih•irnckkai::'li.lhinding 

b:tW;;;(~n inh)gra.wd tran:-;piJ&Gf< &z,qiwnc~,s. is 

sn, 90, 

a(::hkvt .;'! cei'tHlu potfo:.m 

difi'crcnt 

of divcr~Hyx>f fht population of tnrnsj)()SOtl stqutnc,:,s_ A~; will b~ 

<hv<:'.r-;1w nl· ti·m:il;!)~)c'-C•n s;eqnencts· a6&i:r,; in !\<llt dut tn 

~nch. tran}~posoti. st\tnente.~>- . /\;;.:~ord:ingJy~. srnn~ trnb-<}d itnenls: lncl1~dc prGviding h 

pop,ifaHnn of tnHbposon~(,qucnct)i in vvhh:J1M kBst 11 pmthJ11 ;:if tht 

ln so1ne: trubodirrl('.:lH~ ~ at J~>~JSt about 
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Somz, cmbodim;;)tlt~ 

srqtH:l'K'.e:-; e(;rnpri:sing: th('. t~1rgct 

hybridizing a prinier to a primtr site 

add. 

ln ~;oiw~ Ctl)bOtillUX~'flb,, 

b~tfco~Jt ~,,:z1u1;01wi~, and ftt 

z:wn bz, i(kntlfoxl or d.<:\~ign,til,d u., bt rm.ii\Xl 'Nith a '-("',ond haA\)(k stqnz,,1c0 nf a sc,\>nd 

copkd nud0k m>id, emlxiJirneni:--., . .the prfrm;,r uui a. %'qu0ncing pdnirr. 

,wrm:, tmbodim;;)tih ::;equtndng dMa i;,; oht~dnd ns\ng t!w::;z:qnrndng p.dnwc 

hw!nd;) ,srnplif\ing 

tnntm,c>::;,cm ::;equence1, and at lew;t 

aporfk1n of1ftargttrn1cl(~k~-:at:id, l11 t~6n:lri\tnbodht~trHs~ :uth}itsrapf)ftio:n {J:fa t:1rg;,:;:t 

nucleic Heid tan b(~ a.n1pU:tit<Lusing prirncrs that hytn·idb•:010 prfrn(:r 

tran~p<}~{on ~~tqu~nc-es ·IntGgratx~d int~/ Ii targ~t 1:11tchd.c H(~:id~ _- ln <~<Jnlt: frUt:h z~n1bod.hnent:\~ ~tn 

!1aving at lea.51 uportinn ;Jfthf rnrgetrmc!dc ,mid dispotK'.d ditrtbch,\1i.~1L lu ::;mric 

m1i!:mdimcnh, atkHst >>iK m11phfiNl iumkk ~tdd i;;an indudr at kiist u fin-,than:::t)zk 

"'" iymntt'trktil trmism►st➔in,-is, addlngsNJuences hy ~Rnl)fffitatfon 

Ln ur1 0rrihrn.Hn:1tnt transpo:-,(mK-;,: ;:u-0 m,td that !wvc symmNrk .. \ll tl\n':;,,r;.<f1-;,:Hbk end 

cxcrnp\ifo.:xl in FIG, 19, 

i,kuti6i! ('.nds, !addng din)Ctbniilty .. A. singk,primer P-CR, using: t!K transpos(>n (md 

t,-··herc _r,::on:s:-:spom:h: tc, t!w number <;•f PCR cyck~, Jni<.HlbfoXpNnt Mrp, P('R \V)th 

prirH(~rs••tHn-.?\ld·· additi<)ntU• -~\.~(1u,~n<x:~~~ · Stuth- a~ ~(~~qiu;.,Jlting athiptcr.:::;t'<JiJl'Ht.G~~ 
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!O 

v1rtiial1y fragrnentlng·thc prlnwr 

of 1.::mplak nuddi:.: 
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with a 
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!O 

arnplifkatkm 

in 

<ffl:C."! !1:'•d rcprn:s,:;nt,Hion, 

Hix: mdhybfo:insrnttcRlt copynnnihtt aUdk.rntfodne to ti(irHinifonn 
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!O 

,KCitrntdy he dd(cnnhK<d by removing <hipHc,iks ,:ind.cnmJtingthc e:dgJnal t\::'.f>:ttscr,wni.m 

<if inohx:.uks, each hmdug ,t ,iniqw:: tag, b::: implifi(:d. and 

folb\vd by filkring ihc data sv that 

Pl'.t'.ierrc,:J h) t.ig. the odginui pz,pu!ati<m in ilw rnidy st:i.gg~ ft 

al!hough not fotrnduct bbt or arc 

not irnpnrni.irt. 

ofi_goin1tdt<)dde~· o.f ·a t~riain • Jength: 

pt){).i zjf ta.g~~ :rt~fH\~~~t.nt~~ ti 

('OltnXltmtnt, individual U:H)h:'.Cl.!K~; 

unique: fabd:i,. snch H~, m1iq1tc ofigo s0cn,1mici.1:i, l)Hrc:i.KH:>,, 

Att;whmcnt ,::an ucntrthrrnighligation, ~\)t,phng .chzimbtry, ad~;,:,rptkm, ft~> OfoN: mNms 

im.:iu<k Ml)pfifkatitrn. {such 

within the c,.,de 

This 

conctpi cnJi lw tipplkd to «ny mtthod that user. P<fry·rn,c:r<1s0 ,irnntttvcan<m, 

a,-:; di:~cli.i1,cd in trs. PatUH No. 

m1nn~,-~,,n~1r mnp!ific,Himi •t,;ryidd .codM<1ggcd ::ioJ,pHrnn.,s, 

can .;~hG be ad{kd to RNA 

:w The pn::ii.Wl im·tndon <1hoprnvid:;:;~; method:;,; and z:or.t1pn~,i6on:~ for making D.NA 

drck~ by•fragrnfiHing and dmuforizing ON.A at the sarne t\nw by fo:-wrtkm Gf ''haiq:iin., 
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!O 

or 

to 

siti.::.s; 

hairpin, 

fmgmenis frcm the :-mms: t?rHph1t0 rnohx.:nk, 

.hfth!h"\ (~n1hodh:nt~nf~ $fh~;:)ittf tr.iJlSf)O~(n1~~ hHt prcp~1rtd in ,v!lith I)Ni\ rtt~ognitio:n 

tm,i8p(i:wn lhnning a 

,i trnns;pMon-tra.ns;po:~asccon:rplex ~dbwhtgth(: 

tra:nspo$.on.;­

:fi.>r··cx~nnpt:::.~) ... • in~erHi)U_. ,:-; .. -::iJl .. JiagJIH~JH 

cndt; arc Hnktd.tas in FIG. Z.4 .. 

Slin'HJU,rn,s:{)WJV link t!K' top and 

targ~)tf.JN/i. Thi~; pn.ic:;:,;,,f canowur thro~.ighout t!H:1gew.m1;:;, kadlng 

that Hnk:>thc 

a n.ndtk ;;tdd ~Heh ;N singk: ;,,trn.ndtd DNA. ur RNA. Singk-$tran(fod DNA linker:-; 

,n-c 1wnicufody11:--('.fbl sine« a.ny f:<tsrntnt(C ,.i;;,>y,,~n,,u ;;i 

de~igi1,.:xl DNA tz}be h1corptmJ!td infa tht DNA <:in:!cs. ·nil'. dngk-:4rnr1ded linker cmi 

cont<iin pri!m~r:-;ih~s fr,r mnp1ificatfo-n pmpc,;,,c:-; , 

Arnplifirntkm <rf(in;:uhniA.\l 

the mz:thod tan he n;,;~x! to amplify a 

DNA c~m lx, mnplHkd to prqxin: 

h>rsamp!c pr('p<tnrtion for 

(Ji J,}t)noi:mr DN.A, Ont ,>r rnon:·prin:itrs 

Altcrm~tivdy, 

(i" .,.,n1,fa!i n-J··rx.(:,J Parnf:frn-­

g,.,uom('. ·,:i.mi)lith .. ~ati(,n. :schcnK'S 

or .!VLD-Hlrn approa,:Jw;,.. This n:itihod CH.n.g~~m>rn.teclrcdar 

m11mm1cavtnt Th<: 

to srnrt the an1pHfo:mtk,n. 

pdnKrn inst,~ad <.,f the "1andard nindom<.'ri;. This rn~d:ind c,:in k,td tn hightr•nnifonnity of 

amplifkation ofa l)NA 5Rmple with• k~;;s • locus dropout 
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20 

llbni.ry dtrn('.nt, t tagttK'nt, 

:!.:'<). 
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Cl<:'.i,tc~ DNA, frngrm:·o-t~ 

aniplifo;;atkm of a spcdfk 

preparatinn.·:nJ(':fhods .c~i:n 

;idaptz~r '·"<·'"·'""·'• ,.,.;,,-,,,b,·,-,"'-'i '"'' 

l O dn-khw:::rn; and Pf R. Tho,,gh rnru:!(>fft fr:ng.rnent;.:idou b desirnhk.'. 

20 

fhstfibution. ,.,f fragn:icnt si:w,,. in the sei.::ond. frng_nH.::ntatizm ,.,,,.,, ''''"' 1d m1mcrzn.b imiR>-pair 

rnaH>ria1r hhrnry. 

The inv(mtion can invoh·a;:: tdhzwlng th: dn::ub.rizcd itih~rrnr,dfatc io ihr 

JlHKl)';l!l(C of the particle 

H.tf~ I)r{i\~ rcdhcihgtranspl)~it~f c1tHv a.ge J111n1(~diatt.~IY :a(tjace1it to 

fn~i!1:nJbHi;.-:atic-n, 

\Vhh·.tra11jpOS<):tn~~~:.and··~~{:lt<~ting:•fi~ag:rnc::nt~ 

fr;igimmt ~,tk-ttk,n UK'.thndolngy. 

1:n~Jn~d.:a\~,~~)/··~nid• ri~ph~,~fd \vith.·an: (~Xt(~i~S· quantity 

n1:,idu,:,;. An s::<0n1rhuy t:::,;idne h, a biotin rni,idHt for :::nfi,:;hrrHc:trt zm strtprnviditk 

parn.magr@k: partkfo$•(SA'<·P\JPs). Ju (m,lnQi::tmKm, mrnJifkd fragmcnN 

aL"u bcb 

fifong R',,tt:ion 

and a 

:~cnenr,,t DNA 

i::.nd nt:~)/ be 

pob,·ntern\c Hmt 

rcrn<.ivd of n2'.sidna! foH.c'.af moJe;:;nks, the drrnhr DNA~.; <;ffn bt tap!m'i:'d unti> Hk t,1.trfo.;;0 

si biin:foi,i; surfiKc {e,g., SA-FJ\fP'.';Jmtd :mhj;;;cted h\a .~;,:,:;ond tagmentaik,n rcm.:tkm, 

--rhJs tt~g~n1ct~tatit~n. • n~iitti":(nt inJrodnctj;"; p:rirtii.ng -}~~:tt~$. cQrnpatib1e \VfthJ.h{} :HQxt.,g:z~n.cration 

s0q1.is::1Kfrtg p!Mf(lrfn (l(\:.:hokc. • Jn fmthtr cnibnllimciiH\ ~tqu<:udng i~ p<.'.l"fontiNl, 
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!O 

Methi)t°fa of 1mab,:dng Jtmpbite nudek IH'ids 

Some emhndinwub intlmk i-net!wds. of .:,m,dy:..:-:ing template urn:.'k•k a.tidt, 

$cqlitndug infi.Kr:nHtbn tHn iK obtirined. frrnn •.;:i, tempbte rntcidc m:;kh, nad a• ""cqucH,'C 

tn ,.;,orne enibndini<:.:urn, a lii)k::.:d rtrnd strnwgy may b::.: nsrd, A linked t,'.Hd SH'Httiv 

;,:'.mI indlitk ltkntifying su:tiKncing data that• Unb M kil-'>t t\Y,) :~cqtic11irrnt 

re,:;d uniy cw1tdn a :,,'.t;md n1arb.c:r. The fiii,tawJ ~e1xmd miu-kcrs ;;:an ldentH1, t.!K 

s:~quc:ncing data fro:ni ~.:)ach S(~Jn(~rH.;ing: r(~&d to be adja{:\:)Htin a S(~qu(~nt:t~ rt·prt}s{~t1tati<.n1 of 

An txcrnphry emb;dhnent of a method for scqnendnga wmplat,.'.'. nndeic ,icid 

tlw fo><1 

th:1t hdp Unk 

G.lw.:m king ~~nougJi ,\ia<J:::, and shrn'tctKn.igh Hbnu-y fragn.-.cnrn, 

mcrg,:.'.d inform.atkMly to rnstkc zmc long rcHd tfoit covct;.s !he cntfo.'.'. fragrMnL 

th('. barcode :s('(lm:-m:c 

th<:'. in:scrhon, 

achh: um i11dmfo (htp!kah~•nuddc ;:wkl thigtm~nts. S;::qurndng duplk:it;:, i1uddc add 

fhgrntnts fa *hiwrn.g<:'ons in ,:Ht!hod:> Htn inchd,c' t:J\'Wfrng a x't>n:s<."ni;us • :scqucnN for 

Tecan Ex. 2021, Page 566 of 1314 
QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00026 



!O 

20 

n1011,1<,;;m (an \ncn .. ~a1,c Hw a.<:curn.cy 

sequrncc for a w.1n11mrti.:'. nuddc acid ,rnd/or libt,iry ternp!ate rn1ckk m::-Id", 

funlH::r cmho(frrncn b arc. provided 

FlG, 28d(p\ct:-; ,m i:'Xtri:1nwi·y cm:l)<Ji:ll:tn(:nt 

l\hrnry 

of t<:.'.Hlphit,:;s }H"C H~sernhkd by kk:nti(yingp~dn.::d lxu-codts and 

FIG, 29, FlG,JO and :FJG, Jd depict zrn.crnpbry cmbodi.m-cnt~, of rndh<Jd~ (,f 

Some cmhmfom:,-m~; indlldc i;\n:\ir Gi::tti}H:rm 

canint!wJc en-ors •in bat;CcaHs dming :I si::([tK'.iKln>,:; !.'-"-''"--'-"''"' s'iwJ crron, \n ms&<:mbling 

Ai'i would bt tirukrntood, trror dttc-;:::ti(m can. t nc lu(k 

osdhL Mt~th(>cb fbr error ix,ncctfon HH> ,\--cll lnwwn in fot 

ofhHnni)htg dbtaiR\11,, and the use of H cht'tk:,wti H!go6Um1 

nfi,-t.Nl Hhtitrfos 

An ahzirnaiivc mctb<Jd. 1n>..-·olvcs 

trnnsposon 

as ~1Kh <l~::-ttcfo:ig th<.' 

~<~qu-e:ncin,g: r(·:ffd~:.. J~he~0 • Jl1t.lorf.; {)l{H Itad tc~: hnpfqV:bd (~uv\~rugt.~ and act~it1tcy~ 

S1~b:~•sarnpling and \\ .. Jto:ie g(~Jizn:ne· ;:.u1lpHticufi<n1 t\n1 t:reatc :n:iatr;/ 
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!O 

to 

P<lircd¥citd :<N.w,tn(;mg 

and of drn fai.rgN DNA. 

lhr i}X~imf}k:. 

rc1cc1:v('i R <:.,ock t.hiitaJlov-':< on<:.' 

ru-(: ,:_,nJ;1mu ndg_hhrir havhlg a nu1t0fong tod<:.'.•(whdhcr 

transpo'Solnet~ <C~fn ·be of-diff(~ten:t 

diftb:rent·j,~q1.K:nces~ 

A:;; <:~wrnph lkd in :FlG. 33, a i.ran~;po.-,o.m.t~ C,Hl H'-<:'. ~i .,v.tu--1-v,pc inrn:~n~,~-a~,e❖ 

i;::ompkx i$ barvxkd :;H 

tYHlking tad\ DNA. fragment tiniqu(:. TlK'. Hhrnl'y !;', then amplil'k'.d 

ft~g:n1ent .. i::-; ttprcsz~nttd••·rnultipH~·tin1es the• ~H1\p1H1-(~;J.tt~ac6{\n.- ·J]l(~:-•Htrn:flif~z~d 

!ib:nu:y is B(}xtsubjcz~tz~d to a S<:t:-ond t{}Und 'Of ti1gn1cntfation 
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!O 

•····· .~wmJH1ri:nwnrnJb:.:1tkm <if single m1)lN~tt!es 

Soni\': ::mbodimtmh iiitlwJe 

app!kmirnr::,. Jn 

a:s:<.c,ci,ircu with fa be;;d Vi;;i a .t\;;,:i,.·d:ffc frnkct 

~tqu,t:ncc 

scq1J.OifC'. ck,avtxl from tht lx:,11.l. The trnrmposfrion n:actfonh; iiliti.::IH\:L 

<rnd ihe trnnsposon 

Snc.h method"'­

,,d l in pnpulati<.m. c~~u be ti~<5d tu pn:J-;/i<.k~~ a 

~tcthnds prntkukdy nsefol Jbrslnglvzxdl applkution~•fodmk tknu! trnm:ix>son h<~ads .. 

cc!us1nm1;:; DNA 

tn an embodiu,ent iUusfrtrkd in FKL 34, droplets or inkroW('.!lS are used W 

~~oi:,1p;irirncnt;1liz;;:, a ~ingk in,n&p;.,~;on hfHd w\th a 1:;ingk tdkDNA mz)kntk. in ti:,¢ 

ptt:<.CfiC('. ut lti)::'.IJ)\:lr(H1:l(J:n rtatti(m rnix. tnlH'W•illSC>O lm:nubilin·d tu tlK' h:.::,m.1 

phntockuvahk- linker, Each hwd ha:<. a u1dqu('. 

same faim ih0 nligo-" hr0 d::}1 v1id frmn the tK'.Hil. 

W',wds::ngth of Hght 

!he. bead. and ,i.:<sunl::ilt~,.;; with fot trnn~:posa:~t tz:i z:t;.Wte an active C:<.iitipkx. h1 

20 H11: ,,,.uJni,, r:o,w1,H1,,c; index alnng with nd,i.pt0r sequences 

from the tnni:~pnson, A .. 1l thc••tzim.Nrimcntalizcd .n;attiom, arc •• simUltimc<:.1m,ly 

,.,,.,u.n.,,,.,, firnt, }tnd iheti Hmpllfkdtn cnabfo bfau!!Wi :'lziqiitncr ,malysh;. 

0nit<;Jctm1,<:rir cxcm1)l,ti(1G fo FlG, 35, h@d:s •\vhh tmiqudy lndcX(\l 

to crcak,~<a·tran~pl?SOn. bt~ad ;:UTff~{. /\CC(>n:HngJy·r ·ihr~ pn>scnl iwventinn n,rt,,V{/:l(':>s a 

Tlw tnmsposon k~ndi.; c,ni he created 

\\•:ay· ii-CloJU~J -.firnpHfitati<ni. (}f -~ingit\-~JraJt~it~~On. ·~t~td .rl1(}l\;~iul0$ 

iff \:<A~lk~h H1(} in<ht>::: _portk)~1 <:f tht tnint\r:t>fb_il (Ht tht • bead b~ g(~~1t:ta.t~~d d.uri:!ltra s:plH~-Hnd~­

pooJ ollgmnJd::oth.k btad synflw~i:,c. A, fmtlitr way fa w hybrdizi.:' indt\'.\i;_'.d transp<,tK@.; 
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TlK' trnn~,po:',un•bNkl •atniy can b.:: trv0rfak! with oUm,d h,;:at0\J fo !y3('. th0 <'tJK 

5 ·r.ht tra11~JJOSi)H~ ate -n.de~:t~(~d fn,>rn bead> ·~ii~t. photoctt~rva.gc:~ A!ti.:rn,at1vCl"'I" p.hoto---

i::ag(,d \tg·•··· rclz:,,stdto aetivaw iht~ h:i.gnh~Htatk,n rnHC.tltln. ,-\frer tagm:;:,ntatk)il, ths: 

-:;.'.h1atr c;;m he anrpHficd m, 

! O St'<ruendng lntHwdt 

The tncthzid:-, d\Ncribed hc.rdn tun ht u~;cd in l'.\)tljnndh>i) ,vith a vHdety 

the trni,ctmstr@d (R.1.maghi et at, ''Rtal-!iiw.:: l)NA ;<.tquen6ngtt~ing detection of 

pyn.iplw,::,phak• rHt;,sr.•'' Jh1a1vt.1nH .tiUOfI,e1M.'di•t 

Soh:>xa:(nuw fHwnim~ 

\VO 07. 123744 (:fflcd in Un:h<'.d Stato, pi:,i<'.nt and 

Htco.n1plhd1ed. by··\ttp-....vh:,>: 

{>:-<H-n:ttJle: ... a ek~avab:lc or 

Patr:nt 

30 I 'bt • ll'Yitfl~1biihy ofJ1u;:.ffl"'::iC1iutly"Jiibtfl6d t~jrf.nit.tffh)i~ ih • ~)./hith bufh the. terrnin~ition t:in1 -lJt 

ntv:r~t~t~d tHtd tht :f)u(H\~sccnt ]al:>c~lcleff;/cd :tl:::.c.HhiHt~f t~fflc:it:t1t c~ytJj{; rtv{;rs:H,h: tcrtninati~Jh 

~tqu-cncing>:. :P()t:ln:iera~(~.> c~\n ah~t~:bc C(J-·t>ngi:n~crt~,l ·to (;ffich~ndy incor,ponttt.·.~Hld 
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w 

by 
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mdng flnoi-esc!.:'llt rmchx_;title ,mahJ@> and enginecr(,d polynK:nt\('.S 

htteni AppHCHtkni. 

w"'""~'·"'•l'-'H Nn.•200K0!080R2 Th0.illnrnin,Ulnn c::w be r\,~,trktcd 

5 vohntH~ fin_;rmd u surface-tethered polymerase stwh tfr1! fr,t(n-pt1ritthrn of tfoorcsrnnfly 

3() 

laht~INJ.·nucJr:ot:~\Jc::s can 

nio~,<:icn,ctis lnc oui be 1itUizcd 

I~rntJti1W::,krtt:\ a $~ART chip or tlJ(~ frk\: may he ntilizcd (lJS. Patt:tlt 

7 A 

mumina-ttd thruugh the trmrnparttH subnrnto, an01ma10d !ight tnay ptnetnik the 

nm of zmch z:\-:1\V ,~r,.,,iforu G(:rnctH\n voh1me of ubont L, SrnHlkr dctcc.drni 

(!i::ti:ctm!,.t'tlt:1<n·,>,nmt siguab. by nxhicingtht mmnmt of 

harkgrr~und ·that r~u1· be.ob.served, 

S\4JtI· chip~~ 1=1nd ~An1ihit t~chn{)f{;gy t~in be lt~td 1h tt$~~<Jti~tHoh 'i:\::ith m·.,•,.;,,,",,,d,, 

inononK'rs fluorcsrn:,ntly • lab\,'.kd on Hit tcrri:.iirnl phosph@; of dw nutkNid0 

nrnt:i:i;sive cnzym~itk ONA synthesi;:; dyHabded td'mim.ll 

'"'''·"·"··" from iJK' nudci:.,t)dc u:uii1mu0r ,Jn inc:oivoratkm ()fthc 

not iu;;.,oq:h:>rntcd inw th0 

Au ~idditkmtiltrnn1pk ofaH~1uencing pbtfoitn tlmt nmy bt u;,»:d h, :i*,:.:,<.;tiation 

wfrh sonw ofthc umbodlrncnts.duscdlx:d 1wrdn isprovide-Jhy Hdirns Hioscitnc,:s ("orp. 
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,. '-'' ,--n,a•· (2008)}. 

prepntcd by th;;: addition 

hyhfidl:fa):', to po"iy{T).digorn.idtofoJt)!'; unchzffd 

bt usNl <t/; ,l 1wimcr for the ,;...-,,'-'I"'''-'H 

5 (:orupknwnmr_y !i.i the targcL,irn:,kir add. fo <.me i."mbodhnent. flurn-c8Ctntly-htbck:J. 

!O exE.:;idcd, The Huon::scern fabd h rcrm:.iv;;:dbefor(: the next imcki;,dde kaddcd ln 

~~ontfo@•dw scqucndng (,yrk. 'fnlddng !ll!(dcoddc intoqx,r11thminctdi polynrn:kQtkk 

~trand :e:Ru:.p:n:n.:iitescf[Ux:~nce in:nJrrnaJiorrf6t each indiv<idnil targrt nuc'.kdc. achl. 

:,dditi,)nal wrninpk; ofa. faX{utw.::\ngplatforrn that tan bt m;cd ln ,i:Ssuo:nion 

3() 

nwthmb d,;N>riix:d hcrdn i~ prnddcd by Compktt Gtm.in,ks lnt. Librnrk:, of 

anpwximatdy tvi.cq' 20 bp with ad,{pto:t s0qnent0:.;. Th0 rnrgd nrn.Jbc a1::kb can be 

atnplH1.(~ti:: u~~i11g-•tolling. t:ir-c.H~·:r(~plicaJh\n~ .:~:l.:nd ·{h~~•:fftnplifiz~d· targ~~t. nucleib•atid~ .c_an_·:bc­

ustd tu. prepa.rn an• ana.y ofiai-gi.:.'.! • nrn::ldt ,Kkls:, lvkt!wJs • <.tf sequtndng 

i.nffozk :,cqurndnghy figadrnt ptu-tkufa,-_ scq1.tc11dng curnbinntodul prnbc-am::hor 

In <l-H 

,)f pr-.>k:, that intfozks frmr di$tintt .bbds for each 

h t!~td i<.ll\'Hd the pz,1;itim1s: aclJwcnt t<i::.:ach a<kiptur. 

used tn read ,:,!dr ixn,iti rm, A pod ,_;fprobt::. • ,tnd mt ,tnchnr H)edfi<> w ,:i r,artknl.;ir adaptnr 

h; dt!i\tnxl to thC'. 

the ,1daptor, and 

Tlm ,wchor hybrkhzcs to 

add axU;:iC<.' iH tc, '"""!-''·"'" Tlw 

·1~h0 st.X1n01tcing. rntthdd~ de~<::ribt\d htrein ~>~Hi he ~BJV~u-n.;1grnnSly Ci~tTi0d dHt in 

n1u 1tipt e::t tb:n:n~H\ ~~uc:h ·that rnnJbpl ~r diffitrent ta..rgrt :nt1t:{r{t:· acids are rn.a:n:irni larr:d 

1n par!kUhir ~~r:ubodimcnh, difftrcnt hirget t,w.:k'k: Mids nm 

on.a surfate of a p,irtkuh.u- 8ub~trntc, Thi;;; .,,ilh>wstonvcnient 
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inolx:cuk tlnH l:s- attachi:d w the 

riUddc add at <:,,wh 

l O hl1iplH1cnti@ 1neth<)ds .:s-tKk as, bl'idgt.~nnplific,i!ir1n oi· cmul:;:,ionPCR ,i~. d,;_-sctibtd in 

forther d;:taii.·•h(m.Hn, 

lJ}OO foMun~s/cnF, 5J)00 foaturns.\:n:r" t0,000 tcat;tm::s.'ciw·,•50J)00 

i ,O(K\HOO fbitu rc:Vcrn ·' .5 ,000,000 n.:;.:tii.in.,~._:\,:.,, n 

l O; foa.hircsicnf' lO ' l:C,,rtxtrcsit~n1r 

5x 

Unkcd m,d high cro:--::s--hnb::dpo!ysty1\'"Hc), pdycitrbonaw, ixilyr,mp_yfone arid 

p;_,lyanH(le, ~Hkon,·rneral fr_g, 

~l\;A{., <HT, gd 
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w 

b,~rnJnt>tt:s. include 1wd<•o:s.kk•dtrlvatlzcd •cPG and poly'.':<tyrnnt 

/n}!t;ntd(• n,,!\ix1).'t·,,l.li' 1vith polyrtbykiH~ glycol, m1dtln.' Uh'.. 

u.1i.1,.>wn,:ci J:'.x1n1ipl<~S pruvidc illustrativt embodimcnN H.nd (k, not in aHy 

limit thtinv0mlon5 pr<.widtd hcrdn. 

r::x.1mplt l·""•\Vl·wk_g(':t!MH~ am.pHfka1fr:m w;ing trnitSJWMHl· !§f<Jtl:('llC('~ 

cx,cnnpk i!lu:s!rHtc:s H inc!hod fot unfforrn an,ip!!lic,:won gi::m.mu.: DNA. 

\\·Hh-nintk,ni m:,e.1-ri,~m qfsptdfk priniN· :,ik~-- T'.rauspo:Km "t:qtw11c,~s ,tw 

pi:q:)m'ct:!,~:ach (\m1.pd~,ing a Ji1>-t transpoi;,)sc rtc-:;wni:un 

!wving a ~.1;qutndng a.(brnur dispo:-:<:.•d tll('Pd)ctwix•;t in which tht 

~~{;tiu~::nciHg•_adaptpr ·:rh(~ tnrni;n,)"•Mi 

in 

coHditkms"trf!kk'ni for the tnnt,pusun St:'.qti('.,K\~5 to integrate ink, thcgcnon:dc•DNA. 

30 gcn\,;rnic DNA i>i Mrtplifkd n:s.hig primer;.; thut hybridl2t prinkr site nr 

:,w.c:midprim.rr ~ik. 
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!O 

Exampk 2--····L,mdmln'k sNprnndng mettwds uslng ge1wrnes wWi hRn·.astd 

t(tnipkx.Hy 

$t\ltHJnce· rz~pt~}~{}ntati:Dtr ·of ·the· gen.r>.tnt~ 

·~rransposon ~cqucncf~; arc p:rz~parcd~ c~#;h :z~on)_p;dSing a- diffi:~rcnt batcode•. ~rhc tta:n~pt:sst~n 

gtJ:HJrrH_r ~i.rnplifh.::atiorL 

Sequc•n:cing 

rq-:,n::,tmatimt of tht genmnk ·rim :,~qurndug r;:;ad~ can bew;s;;:mhkdhy 

overlapping s~:qwincz:~:. 

E~ ... unpk · 1-----PrNHckd • flYt~rnge N}..,'f'rll.gt u~hig 1fok(>d • rt~~!d M::l'.jlH'lltfog rstr.:i!ffW 

l.J~81bk ffog;mcnt kngHi,~ ,n-,:> moddcd as K tniw.rnred cxp1:,rnmth.! di;,;tri.bndo11 so 

n'·s-n,,rt11 . ..-,,iv, irnd then cafoulating. the nk,s.ti of f!m truntawd (~xponenth,l as 

d 

NUt)(>!'t,on ,,,t n,.:.,,,ii,,!e n::atb is fl " 

expi.n1r:ntial c-ruttuhiti\:{~. distribution ·ninz~titn\. ··.r 

C 

... p) + 

p~::op{}tb6i1:t~r ·useab.:ie. r(~ad5; 9 if. ~ubt~'Ht:t~~d. ·ri\)tn• efach • :rc:~~a • beta·ns(~·td. the ·:n::trscd 9 

lluch;-:)th:.k::~ :~cq1~tnt:e'in iu~ig~hb<n~ihgfffagrnent\~ ltlid 9 nucleotides i~~ Hd:ded lfrtck::to-:th(~ 

H.n:ked :tcadto ttct:·01H:~tf\):rtht~• t~:nd r~}ad n~on.c~ 9 
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5 

Titrgd: 
m.idd~' 

add 

Human 
PCH 

SinJ;k~ 
cclt, 

TABLE l 

fo\UtHllt RNHl Hi1:u.kd Numbtl·of 
dushws size kngth copil'.S 

20kb l50 10,000 

l.50 

,\,\:\!l'~gt 

iw~trt 
dishrnte 

50 nt 

A'<·enige, 
co,\•rage, 

X 

!'Hean 
linked 
rtad 

lnigth 

l.0,8!:'i 
Ht 
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Exiimpk 5-Pn.'.padug a UlikNJ·libniry wiill hhrnt-i.'11rl hatt<}dt's: 

This cxampk illm,irat;J;:; Ml ernho,hment ofprtpadng ahnl-rnd Hh,s',:,,.,,, ff,,a in•cJ;cidN: 

ternplat:-: 

!he 

t,,iw:.,i DNi\ ('.Ompri~ing the ink'gn\ied trnnsposon '>C(ltici1c:t:~. 

h1trgrfited··tra:n~poso:n•-S<~tJtk~ncz~~~ 

rnctlwtls ofwbuk g,::norn<: ampHfo::atfrm. Tht amplificdnuckic. utkfo nrnfrngmcimxt:il 

iht, fin;tri.nd :tnHJnl•('.niail<m 1NH.:h !ntegrnkd i:rn11c;p()\()H ,,;~)qut)n;:.:(, t6 

Stqntncing 

da:ta•i~ obtaJned--fn:}rn.tht Se~r~1eru:rirlg: librar)\. 1··he-sequer1-cing·data n,tr:.!).:n:s.fs s(:q_tH}ncing 

n:~pres(:utfah6rL(>".f the -l~~ rg\:tT) 1'-L\ _ :iK ge:nt~~~abd. 

Fl(;, :17 depith thi? in<;ertion nftht•lnm~;pornn <;equem::e into the targ;:+trrn.::kic 

imip!Hi<::atkm z;fthc tcmpb~c nudd<>,M.:izh. Tht a1npfrtbJ t0mplat0 nu(ki<: ;:icid<; M\= 

·fi1t1p1ictrt:ed in. the pr~sence f>fa rc~~triction <~nd:nrn.u::JcR~8.Jh.;:J.t niCk~ the tr.;:1n};posun 
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5 

!O 

FlG, !5 ,kpkt~ ~i Jill-in n~:,K1:io:n 

and adding ad«plon; tn th:: taikJ cHzk 

Hlnt)l1!i(:a1'i<),n, librmy prcpan1iion, and mNhnzb to 

Q:fT~bodiB:rcnt~~ the :',,;,.•/-om C:ffn be 

incorporatfog.d01enab!y bbdcd 11udc<itkks in H 

Adnrnmgt(>tr:dy, nwthod:~ that utlll2\ca nkkingcmdzii11K.lc.asc may b(: ctirrfod t>nt wfrh a 

by 

co,1:ic<:nt:nit1on of the 

The dt%Tiptbn.dbtkci,t::s sz:vuwl n1dhw.baNi svf,l<irns 

Thfa in'<tmirni fJ:1sc,q·Mll)li>io rnc,rntii('.,ft:<ms n10t111octh nt,n1~n,~Jr;., ns 

a;,, Hlternfrnn1s in. thi.': fohrkatkm nidh<.,ds and rqi,\p11Ktrt Such modi fa.'.atiOi1s wilJ 

bt:.'.,x,nw ,tpp;0trNit tQ frmn 

tlwir entirety a.nd 

t:tntH.tined lJl t'ht.-spt~t.ifi·tation_~ •thi:.:)_Sp(~ifk~ali<)U.i~ :intl~ndt}d. to :~HJ)t}r~~~~de ~tt1{Vot•ta.k\~ 

prctcdcn:e\~. Q)/Q:r an;y 
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