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Greg,

Thanks for your feedback. Please see the attached revised claim set for Uri's application. We would like to
discuss these claims with you tomorrow in the context of US Patent Application 200710020640, which was
noted in the disclosure materials that you sent us. A copy of this application is attached for your reference.
Please let me know your availability for a call tomorrow in the early afternoon.

Regards,

Dan

-----Original Message-----
From : Greg Porreca [mailto : gporreca@gsgenetics.com]
Sent: Monday, April 27,2009 10:08 AM
To: Young, Daniel W.
Cc: Waller, Patrick
Subject: Re: G0871.70000US00; METHOD FOR REDUCING REPRESENTATIONAL BIAS IN MULTIPLEX
AMPLIFICATION OF NUCLEIC ACIDS (PoTTeca)

HiDan-

This looks good to me. Uri had one comment:

do yon think it makes sense to add additional claims, like "the method of claim X, where the
barcodes are random-sequence polynucleotides" or something to that effect?

-Greg

Cregory Porreca, Ph.D.
Director of Technology
Good Start Genetics

8 St Mary's Street, Suite 621

Boston, MA 02215
P:617-358-6004
F:617-358-5677

On Fri, Apr24,2009 at 7:03 PM, DanielYoung <Daniel.Young@wol@>
wrote:

HiGreg,

Please see the attached claims for Uri's application. Please let us know your comments.

Thanks
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Dan

-----Original Message-----
From: Young, Daniel W.
Sent: Friday, April24,2009 4:38 PM
To: 'Greg Porreca'
Cc: Waller, Patrick
SubJect: GO871.7OOOOUSOO; METHOD FOR REDUCING REPRESENTATIONAL BIAS IN
MULTIPLEX AMPLIFICATION OF NUCLEIC ACIDS (porreca)

Greg,

Attached is an updated version of the above-mentioned application foryou to review. lwill
fonvard you a revised set of claims for Uri's application later today. ln the meantime, could you
send me a document containing the final figures for Uri's application.

Thanks
Dan

DanielW. Young, Ph.D.
Patent Agent
dwyou ng@wolfg reenfield.com
617.646.824s

Wolf Greenfield
Specra/lsfs in lntellectual Property Law
Wolf, Greenfield & Sacks, P.C.
600 Atlantic Avenue
Boston, Massachusetts 0221 0-2206
617.646.8000 | 617.646.8646 fax

For more information about Wolf Groenfield, please visit uS at
h ttp ://www.wol fg reen fi eld.com

Ihis e-mall m6ssage and any attachments may contain confidential
or privileged infonnation. lf you are not the intended recipient, please
notify me immediately by replying to this message. please destroy all
copies of this message and any attachments. Thank you.
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Claims

L A method of analyzing a plurality of genetic loci, the method comprising:

(i.) amplifying a plurality of molecular inversion probes, each comprising a polymorphic

sequence and a source sequence;

(ii.) determining the frequency of occurrence of source sequences in the amplified

plurality of molecular inversion probes; and

(iii.) if the frequency of occurrence of a specific source sequence in the amplified

plurality is different from its frequency of occurrence before amplification, detecting bias in the

amplification of the molecular inversion probes comprising the specific source sequence.

2. The method of claim 1, further comprising genotyping a polymorphic sequence in

the plurality, wherein the genotyping comprises correcting for bias, if detected.

3. The method of claim 3, wherein the polymorphic sequence is selected from Table

4. A method of analyzing a plurality of genetic loci, the method comprising

(i.) amplifying a plurality of molecular inversion probes, each comprising a source

sequence, wherein the frequency of occurrence of each source sequence in the plurality is about

equalto the frequency of occurrence of each other source sequence in the plurality;

(ii.) determining the frequency of occurrence of source sequences in the amplified

plurality of nucleic acids, and

(iii.) if the frequency of occurrence of a specific source sequence in the amplified

plurality is different from its frequency of occurrence before amplification, detecting bias in the

amplification of the molecular inversion probe comprising the specific source sequence.
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5. The method of claim 4, wherein each molecular probe in the plurality further

comprises a polymorphic sequence.

6. The method of claim 5, further comprising genotyping a polymorphic sequence in

the plurality, wherein the genotyping comprises correcting for bias, if detected.

7. The method of claim 6, wherein the polymorphic sequence is selected from Table

2
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(57) ABSTRACT

In a first aspect, the present invention provides methods for
authenticating a nucleic acid molecule and its sequence with
a molecular barcode and batch-stamp. In another aspect, the
present invention provides methods for authenticating a

nucleic acid amplification product. In a ftlrther aspect, the
present invention provides composilions for encoding both
single-stranded and double-stranded target nucleic acids
with coded oligonr.rcleotides. The compositions are useful in
the practice of the methods of the invention.
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MOLECUL:\II ENCODTNG OF NUCLEIC ACTD
TEMPLATES FOR PCII AND OTIIER FOIIMS OF

sIQUliNCIi ANAI,YSIS

SIATEMENT OF GOVERNMENT I-ICENSE
RIGHTS

[0001] The U.S. Government has a paid-up license in this
invention and the right in limited circurnstalrces to require
the patent owner to liceuse others otl reasonablc lerms as

providcd for by thc tcnns ol ROI GM053805, P30

11D02274-1'151, P30 IID002274-35S1. and IID 16659

awarded by National lnstitutes of Health.

F]ELD OF THE INV-ENTION

[0002] The present invenlion relates to the Iicld ol poly-
meruse chain reaction (PCR) arnpliticatiou ol ntrcleic acid
templates, and other Ibmrs ol sequeuce analysis. particularly
to thc usc of barcodcs and batch-slarrps for vcrilying thc
authenticity of PCR prodr.rcts and other sequence inlbmra-
tion.

BACKCROIIND OF THE ]NVENTION

[0003] The polymerase chain reaction (PCR) allows rnul-
tiple copies of selected DNu\ sequences to be produced frorn
limited arnounts of a DNA template (Saiki et al.. Science
230:1350-1354, 1985). Reactions with limited at.uonuts of
template, however, increase the risk of amplilying contauri-
nant DNA alld cau also resnlt in a skewed yicld of PCR
products suclr that there is a high degrec oi'redundancy tbr
a srnall portion ofthc original genouric seqllences (Taylor et

al.. Pathology 29:309-312, 1997). Problems wilh colltanli-
nation and redurdancy are particularly pronounced itt PCR

reactions with rare and irreplaceable DNA tenrplates.

[0004] 'lhere is a nced in the art for nlelhods for veriti'ing
the authenticity of PCR products. The present iuvention
addresses this and other needs.

SUMMARY OF THE IN\,'ENTION

[0005] In the practice ofthe present inveutiou nucleic acid
rnolcculcs (c.g., gcnomic DNA fragrncnts) arc labclcd with
distinct sequence tags prior to PClt anrplilication. 'l'hese

sequence tags authenticate a nucleic acid secluence with
inlbrmation. such as the date of the experintcnt, aud lhe
samplc idcntity. Thus. thc prcscnt invcution pcmrits idcnti-
fication ol valid sequences, and distinguishes the valid
sequences from ccrntar.ninants and redundant seqtteuces aris-
ing fron lemplate re-cloning. Conlamiuanl sequcnccs can be
idcntificd cvcn whcn multiplc control (no DNA) PCR
samples are ncgative. Barcoding pemrits, lbr exautple, quan-
tification of the relative abrurdance of genomic lnethylation
patterns or polymorphic sequences by correcting lbr skerv-
ing that can arise lrom l)CR arnplification or the cloring of
the products.

[0006] Examples ofspecific uses for the present invention
include analysis of limited amorurts ol tentplate DN.A lor
biomedical, ancient DNA, and forensic purposes. For
cxamplc, authcntication of a forensic nuclcic acid samplc is
crucial for comparisou of samples frour known aud

unknow.u individuals. The present invention provides a high
level of confidence that a sample seqnellce represellls a

known sample processed on a cerlain dayl contar:irmting

Jan.25,2007

sequeuces can be identified by their molecttlar sequellce
tags, or lack thcrcol. even wlten control (uo DNA) PCR
sanrples are negalive.

[0007] .4. second example of a specilic use lbr lhe present

invention concenls methylation pattems. These methylation
pattcms arc usclul in diagnosis and prognosis of some

cancers. The present inventiou provides urethods to assess

the varialions of urethylation, and their quantification, in a

heterogeneous population of cancer cells attd uortlal cells.
A third exantple concerns ancient DNA, *'here samples
generally have linrited aruolults trf teurplate. The presettt

invention providcs positive identification of sanrple DNA
and of contanriuants from analyzed seqtlences. A further
example conccms mosaics in human disease. Sonre diseases
(e.g.. clrronic myelogcnous leuliemia attd sclerodemra) :rre

characterized by a small fraction of urt'lsaicism of cancer
cclls. or of cclls againsl wlich thc host is making antibodies.
The authentication oi'the urosaicistn, and the quantification
of the degree ol mosaicism. are now possible using the
present invenliorl.

[0008] Accordingly, a first aspect of the invention pro-
vides methods for bar-coding a nucleic acid molecule. In
some embodiments, the rlethods courprise the steps of (a)

contacting a target nncleic acid molecule in a sample rvith a

bar-coded oligonucleotide under suitable condilions to

ameal the bar-coded oligonucleotide to the target nucleic
acid molecule, r'vherein the bar-coded oligonucleotide com-
prises a first sequence complemetttary to the target litlcleic
acid nrolecule. a second sequence providing a random
barcode. and a tliird sequence that is not conrpleurentary to

ally sequcuce in the sample; and (b) extending the almealed
bar-coded oligonucleotide using the target nrtcleic acid mol-
ecule as a lenlplate to produce a har-coded target nucleic
acid molecule.

[0009] In another aspect, the present inveutiou provides
methods lbr authenticating a DNA amplification product
cornprising the steps of (a) contacting a targel uucleic acid
molecule in a sample rvith a bar-coded oligonucleotide
urdcr suilablc conditions lo arurcal thc bar-codcd oligo-
nucleotide to the target nucle'ic acid rnolecule, wherein the

biu-coded oligonucleotide comprises a Iirst seqttence
complementary to tlle target nucleic acid urolecnle, a second

seqr.rcucc providing a random barcodc, and a third scqtlcltcc
that is not conrplerrrentary to any sequence in the sample,

and wherein the 5' end of the bar-coded oligonucleotide
comprises a tethering sequence that is conrplententary to a

scqucncc 5'to thc first scqucnce; (b) cxtcnding thc atutealed
bar-coded oligonucleotide using the target uucleic acid rr ol-
ecule as a lcmplale to produce a bar-coded target uucleic
acid molecule; (c) amplifoing the bar-coded target nucleic
acid molecule using a prirner that binds 1o the lhird sequence
to produce an amplification product; and (d) authenticating
the arnplification producl by detecting the presence of the
second sequcnce in the amplification prodttcl.

[0010] ln a firrther aspect, the presenl invetrtion provides
a method fcrr authenticating a DNA amplification pruduct
cornprising the steps of (a) ligating a hairpin linker to a

doublc-strandcd targct DNA moleculc lo producc a ligated
target DNA rnolecule, wherein the hairpin linker comprises
a first sequence providing experimental identification infor-
matioll, a second sequence providing a randou barcode
cornprising nucleotides selected liom the group consisting
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of adenosines. guanidines. ald thymidines, and a third
sequcnce compleutculary to the first sequellcei (b) trcating
the ligated larget DNA nrolc.cnle o1'step (a) under suitable
conditions to convert cylosines in the ligared taryct DNA
molecule to uracils; (c) amplilying rhe rrealcd ligarcd rarger
DNA rlolecule ol' stcp (b) to prodnce an antplificatitrn
product; and (d) aLrthcnticating tlre amplitication product t.ll'
step (c) by detecting the presence of thc llrst and second
sequelrces in thc anrplilication product.

[0011] In an additional aspcct. the present inveution pro-
vidcs compositions that cach includc a targct nuclcic acid
molecule and a bar-coded oligouucleotidc, whercin the
bar-coded oligonuclcotidc comprises a Iirst scquence
corllplemelltary to the targct nucleic acid rlttlcculc. a sccttnd
sequeuce providing a raudon.r barcode. and a third scqucuce
that is not contpleurcntaty to alty sequeucc iu lhc sanrplc,
and wherein the 5' end ol the bar-codet oligonuclcoticle
comprises a tethcrinB sequcnce that is contplcntclttary to a
sequellce 5' to thc lint scquence. The contpositiolts are
useflrl, for exaurplc, in thc practice of the nretlrrtcls of the
present invention.

Jan.25,2007

100-70 couvcrsion of ntu-CpG cytclsines. A: A distiucrive
hypenlethylated sequence (SEQ ID NO:3)l B. C: Redun-
dant hypenncthylated scquences recovcrcd lionr indepen-
dent bacterial colt-rnies (SEQ ID NO:4 :rnd SIIQ ID NO:5),
with identical barcode.s and methylation patterns; D: A
hypomethylatcd sequcncc with a distinctivc barcode (SEe
ID NO:6); Il. Ir: Iledundant hvpontelhylated scquences witlt
identical barcodes rccovered from independcnt bacterial
colouies (SEQ ID NO:7 and SEQ ID NO:8). Thesc are
distinguishablc as rcdundant and as diflcrcnt liorn thc
hypomethylatcd sequcnce D only because ofbarcoding; C:
A conlanriltalrt sequcncc bearing a hairpin linkcr that pre-
dates the addition of rhc barcode and batch-stamp, whictr
was rccovcrcd during analysis of thc sanrc sanrplc lhat
generaled scqucnccs A ro C (SEQ iD NO:9). Scquences.{ lo
C carry a di0'erent batch-stamp tltan sequeuces l) to tr. with
the inversion ol' thc .\-'l' base pair, confirming that thesc
scquence scts cautc lrour dillerent DNA saurplcs. l{cdrurdant
hypermethylated scqueuces are denoted with asterisks (*),
and redundant hyponrethylated sequences with plus signs
(+).

DIr'IAII-DD DDSCRIPTION OF TI-IE
PRI]FEI{RED EMBODIMI]N]'

[0017] .A lirst aspect ol'the inventior.t prtrvidcs ntctllods lbr
bar-coding I nuclcic acid ntt'rleculc. ]n srrnre crnbodiments.
the rlethods conrprisc (he stcps ol' (a) contactiug I taryct
nucleic acid rnolccule. in a sample rvith a bar-codcd oligo-
nr.rclcotidc undcr suitablc oonditions to anncal lhc bar-codcd
oligouucleotidc to lhe largct nucleic acid r.nolccule. lvhereiu
the bar-codcd oligonuclcotide compriscs a lirst secprence
ct'ulplcntentary to the targct nr.tcleic acid ntolcculc. a sccond
sequeuce providing a raudonr barcode, and a third scqucnce
that is lot c()mpleurclilary to any sequcl)ce in the sanrple;
and (b) extending thc annc.aled bar-coded oligonuclcotide
using the target nuclc-ic acid molecnle as a tentplate to
produce a bar-crrdcd taryct mrcleic acid nrolccr.rle. ln sor.ne
embodimeuts ol lhe ntethcids of this aspc.ct of lhe invcntiou,
the 5' end ot'thc bar-cr'rded oligonucleotidc conrpriscs a
tetherillg sequcucc tliat is conrplemeutary to a scquence 5'to
lhe first sequcncc.

[0018] J'hc ternt "targot llucleic acid niolccule" rel'ers to a
nucleic acid nioleculc that correspouds lo a nrrclcic aoid
nrolecule that is to be bar-cLrded using the bar-coded oligo-
nucleotides and nicthods ofthe inventiou. As uscd herein, a
nucleic acid nrolcculc "cclrresponds" to another uucleic acid
urolecule il'it conrpriscs a sequeuce that is idcntical to or
courpleurentary to lhc scclucnce ol'all or part ol'the other
nucleic acid ruolcculc. 'fhc tenu 'hucleic acid molc-cule"
erlconlpasscs both dcoxyribonucleotides and ribonucle-
otides and rcl'crs to a polyrneric li.rrr.n of nuclccltides includ-
ing lwo or lltorc rtur:k:olide nlononters. 'I-he nuclcotides ciur
be uaturally-occurring. artificial and/or ntodillcd nucle-
olidcs. or auy otliL-r contplcmcnlary subLrnits. 'l'hus. thc
targct nuclcic acid nlrlccule ntay be any uucleic aci<l rlcll-
eculc,, including, but not liurited to DNA and IINA (such as
ribosoural ltNA, mcssengcr RNA, aud surall ulltrauslatL.d
I{NA). ln soure elllbodinlents. the targct nuclcic acid nrol-
ecttle is a DN.{ nrolecLrlc.

[0019] Thc tcrnt "samplc" rc1'crs any spL\ciutcn contairullg
the target nuclcic acid r-uolecule tlmt can be Lrsed for nucleic
acid analysis. including, but not lirtrited to. clinical samples,
ibrensic saurples. aud anciellt lr.lcleic acid saniples. and
nuclcic acid cxtracts prcpared therefronr.

2

BRIEF DL]SCRIP'IION OF TI-IE DI'AWINCJS

[0012] 'lhe lbregoing aspects and many of thc aflcnclant
advantaBes ol this inventiou will beconrc nrttre rcadily
appreciated as thc sante bcconre befter understood bv rel'-
crer)ce to rhe lbllowing dctailc'd description, qhen lukcn irr
conjunction with thc acconrpanying drarvings. whcrein:

[0013] IrlG. I shorvs au cxernplary bar-coded oligonucle-
otide of the invculiou ctutaining a sequeuce conrplcnrcntary
kl the target Duclei acid nrolecules (l). a batch-stanrp
sequeuce (2). randonr barcode (3), a lefirvard prinrer binding
site (4). and a 5'tcthcring sequence (5), as dcscrihcd in
EXAMPLES l-5. The lctter N represenl.s a nucleuricle
randontly selectcd lrour .4,. T, C, or G.

[0014] FIGS. 2A-2D shorvs rhe sreps in a rcprescnrarivc
mcthod of thc invcntion lirr authcnticating a DNA anrplili-
cation product. A: A taryct DNA molecule is clenarurc<ll B:
the bar-coded oligonucleotide shorvn in FjG, I is unnealcd
to one strand 01'thc targot DNA molecule; C: the bar-codcd
oligonucleotide is exlcndcd usiug Sequel.rase to syl.rthcsizc a
bar-coded targct DNA urolecnle: D: the bar-codccl targct
DNA molecule. is anrplil'ied r.rsing the polyurcrasc chain
reactiou (PCR). 11re closcd circles represelll polvntcrasc
molecnlcs.

[00 l5] FIG. 3 shows a schcnratic reprcsentalion ol a
bar-coded and balch-stanrped hairpin lirilier (SEe lD NO:
l), designed ibr ligation ro Dralll-cut genomic DNA oi'
FMRI (SEQ ID NO:2), as dcscribcd in EX.A,MPL}.I 6. 'Ihc
letter D represents a nuclcotide randourly sclcctcr! Iionr ..\.
G, and T.

[0016] FIGS. 4.4.-4(; show ]:MRl pronlorer seqr.rcrlces,
with inl-crrcd ntcthylation stalcs of CpG sitcs, rccovcrccl
Iiom malc lragile X palicnts usi|g hairpin-bisrrliitc pcl{
with linker bar-coding and batch-stanlping. as dcscribcd in
EX.A.MPLE 6. lJnctuvcrle.d (methylared) CpG dyads are.
black. and couvcncd (unmcthylatcd) CpG dyads arc boxcd.
Within the 26 nt linker (btrxcd region at leli), rtre ran<ir.rntized
7 nt variable barcodes arc shaded at thr lel'r: thc dcsignarcd
variable batch-stantps, which courprise 8 base pairs whiclr
end in A:'l'or'l:.,\, are shaded at right. ,A,ll sequcnccs show
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[0020] The bar-coded oligonucleotidc comprises a first
sequeuce that is complerlrentary to the taryel nr.rcleic acid
rroleculc. The first seqr"lence is located at the 3' end of the
bar-coded oligonucleotide. The length of the first sequerlce

is sufficient to allow the t'rligonucleotide to ameal to tlie
target mrcleic acid molecule in order to prime the synthesis
ol' a nucleic acid molecule that is conrplelirentary to the
target nucleic acid molecule. In st-r.ne embodiments, the
length of the fust sequence is between 18 and 30 nucle-
otidcs, such as bctwecn 20 and 29 nuclcolidcs or bctwccn 22
and 25 nuclmtides.

[0021] Tlie bar-coded oligomrcleotide further comprises a

second sequeuce that provides a random barcode. 'fhe tem
"randorn barcode" rel'ers to an arbitrary sequerlce that can
runiquely ideutily a target nucleic acid in an experiment. and
whose sequence is urlnorvn at lhe stan of the experiment.
Mcthods of synthcsizing oligonuclcotidcs crutainiug ran-
dom sequences are well known in the arr. Typically. oligo-
nucleotides containing randour sequences are synthesized by
randomly incorporating a nr.rcleotide at each of thc posilions
ol'thc sccond scqucucc. For cxamplc. a random nuclcotide
N rnay be selected lrom A, C. G, and T. In some ernbodi-
ments, a random nucleotide D may be selected l-runi A, G,
and T. The second sequence is located 5' tcl thc Iirst sequence
in thc bar-codcd oligonr.rclcotidc. Thc lcngth of thc sccond
sequerlce is suffcient to provide, with ligh probability, a

unique identity to each target nucleic acid molccule in the
sample prior to amplification. For example. a second
sequeuce of 7 random nuclcotides N selected liorn.{. G. C,
and T will provide a maximum ol 47 or 16.384 unique
barccrdes. In some embodiments, the lcngth of the second
sequence is between 3 and 30 nr.rcleotides. snch as between
5 and 25 urcleotides or between 7 and 13 mrcleotides.

100221 The bar-coded oligonr.rcleotide further comprises a

third sequence tilat is llot complementar.v lo any seqnence in
the sar:rp.le. The third sequelce serves as a primer binding
site for the leftward primer for amplilying the bar-coded
nucleic acid molecule, as further described below. The third
sequence is located 5'to the second sequence iu the bar-
coded oligomrcleotide. 'l'he length of the third sequence is
sufflcient to provide a specific binding sile lor the leftward
primer. In some embodiments, lhe length of the third
sequeuce is bern'een I 8 and 30 nuclcolidcs. such as between
2O and 29 nuclmlides or belrveen 22 ard 25 nuclcotides.

[0023] The 5' end of the bar-coded oligonucleotide ruay
contain a tethering sequence that is complemenlary Io a

scqucncc 5' to thc first scqucncc. Thc tcmr "5' tcthcring
sequence" relers to a sequellce that binds 1o an intemal
tethering sequellce of the bar-codcd oligour-rcleotide under
sr.ritable conditions. The temr "intemal tetherirlg sequeuce"
rel'ers to the sequence of the bar-coded oligt'rnucleotide that
is complementary to the tethering sequellce. The intemal
tethering sequence is located 5'to the firsl sequence in the
bar-coded oligonucleotide. For exarnple, lhe inlemal tether-
ing sequence may be located between the first sequence and
the second sequence. or between the first sequence and the
third sequence. The intemal tethering sequence may also be
belween the fimt sequellce and the fclurth sequence
(described below) or even a part ol'the lburth sequel)ce.

[0024] The binding of the 5' tetlie'ring sequence Io the
internal lethering sequence produces a bar-coded oligo-
nucleotide with a secondary stnlcnlre in a stem-loop con-
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figuration. as shown in FIG. 1. In the steur-loop configura-
tion of the bar-coded oligonucleotide. the tethering
seqrlellces Ibnrr a double-stranded stem, the sequel'lces
between the first sequeucc and the 5' end of the bar-coded
oligonucleotide form a loop, and only the first sequence is

outside the stem-loop slnlctnre. In the steur-loop configu-
ration o1'lhe har-coded oligonr.rcleotide, the availability o1'

sequences other than the lint sequence to bind to nucleic
acid sequences in the sample is greatly reduced.

[0025] The sequcnce composition (e.g., the G/C content)
and length ol thc 5' tethering sequence and the intemal
tethering sequence are selected to (1) enable the lbmration
crf a stable slem-loop stnlcnrre of the bar-coded oligonucle-
otide, in which the tethering sequellces are amealed and the
lefiward prirner binding sites is unavailable lbr binding,
under conditions in which the bar-coded oligonuclerrtide is

amealed to thr: tlrget nucleic acid nolecule, and (2) to allow
the steur-loop slnrcture ol the bar-coded oligonucleotide to
rurclt sufllcicntly lo nlakc thc lcftward primer availablc Ibr
binding under conditit-rns in whiclt the bar-coded target
nucleic acid molecule is amplified, as ftrrtlier described
belorv. Iu some embodinlellts, the AG of the bar-coded
oligonuclcotidc undcr conditions for amrcaling to thc targct
nncleic acid rnolecule is less than -0.1, and the AG of the
bar-coded oligonucleotide undcr conditions lbr amplifying
the bar-coded targel nucleic acid molecule is greater lhan
0.0. Methods for detcmrining the AG of oligomrcleotides are
slandard in the art. For example, the AG of an oligonucle-
olide nlay be detennined using an algoritlur that calculates
the free energy of lormation for various structures fornred by
sequellces bccause ot' iutra-strand base pairing, such as

M-Fold (Zrker, Curr Opin. Struct. Bioi. l0:303-310, 2000)
or DNA-fold (available at http://biocore.unl.edn/coreweb/
dna-fold.htm). In sonre embodiments, the seqnence colllpo-
sition and length oI'the 5'tetliering sequence and the intemal
tetherillg sequencc are selected to provide a stable stem-loop
stmcnlre that is stable at 37o C. and turstable at 63o C. L1

somc cmbodimcnts. thc lcngth of the 5' tethcring scqr.lcrlcc
arrd the internal tethering seqr.lence is between 2 and l0
nucleotides.

[0026] The 5' tethering sequence may be a part of the
binding site Ibr the lelirvard primer, as described in
EX.AMPLES l-3. Horvcvcr. in some ernbodimcnts, thc 5'

tethering sequencc is distinct from the th.ird sequence to
provide an intemal monitor lbr re-bar-coding, as described
in EXAIvIPLE 4. Re-bar-coding may occur when not all of
the bar-coded oligonucleotide is rer:roved between the step
of bar-coding a target nucleic acid molecule and a subse-
quent step of amplilying the bar-coded target mrcleic acid
rlolecule. As a result, the bar-coded oligonucleotide primes
the extcnsion o1'a previor.rsly bar-coded nucleic acid rlol-
ecnle to produce a re-bar-co<led nucleic acid molccule.
Provided the tethering sequence is distinct from the third
sequeuce, the 5' tethering sequence will only be present in an
amplified nucleic acid molecr,rle if re-bar-coding occurred in
the last round ol anrplification, and the absence of the 5'

tethering sequence in an anrplification product indicates that
no rc-bar-coding during thc last cycle had takcn placc.

[0027] ln sornc crnbodimcnts, the bar-coded oligomrclc-
otide further comprise a fourth sequence. The fourrh
sequence is a predetemrined nucleic acid sequence provid-
ing a batch-stamp or experiurent verification infomralion.
'l'he phrase "predetermined nucleic acid sequence" rleans
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that the nucleic acid sequence of a nucleic acid molecule is
prcviously known. The temr "expcrimcntal identificatitrn
inlbrnration" or "batch-stamp" ret'crs to inf'ornration that
r.rniquely identifies a specific experinrcnt. For exantple, a
batcli-stamp ma), identily a samplc, a paticul. aurVor an
aualysis date. The fourth sequence nraybe located anywhere
between the first sequeuce and the third scqucnce in the
bar-coded oligonucleotide. The length of thc lirurth
sL.qucncc is sullicient to provide a Lrniqr,rc identity to the
cxpcrimcnt. In somc eurbodintcnts, lhc lcngth of thc lburth
seqLlence is between 3 and 30 nucleotides. suclr as belween
4 and 15 nucleotides or betweeu 5 and l0 nucleotides.

[0028] Iu st-rnte embodiruents an oligonucleotide may be
r.rscd that docs not depend on tetheriltg, and thcrclbre does
not inclirde a tethering scquence. Thesc ttligonucleotides
would include a first. second, Ihird and lilurth sequcnce as
described herein.

[0029] In step (a) of the urerhods ol'rhis aspect of rhe
invcntion, a target nucleic acid nrrtlccule in a santple is
coltaclcd witli a bar-codcd clligonuclcotidc undcr conditions
suitable to ameal tlie bar-coded oligonucleotide to tlie target
ruuclcic acid molecule. Methods lbr anncaling oligonucle-
olides arc slandard in the art. in tlie nrethods of thc inven-
tion, the bar-coded oligt'ruucle.otide is arurealed to thc target
nucle.ic acid molecule under ct'ndilions in w,hich the bar-
codcd oligonucleotide is itr a stablc secondary stent-loop
configuratiou (as a resnlt ol'the binding ol'thc 5, rerhcring
sequerlcc to the ililernal letheriug sequcnce). but the first
sequencc is lincar and free to anneal t(l thc tarBet nuclcic acid
nrolecule. Suitable conditions iirr annealing a bar-coded
t'rligclnucleotide to a target nucleic acid nroleculc litrther
include the presellce at approprifltc ten)pcraturcs and lbr
suliicient lengths of tirue of ell'ective anloullts ol'rt:ilgclits,
such as bull-ers, dithiothreitol, RNasc inliibitors. and a
dcoxynuclcotidc triphosphatc mixtnrc. 1ypically, Iirr oligo-
nuclcotides less than 100 bases in length, annealing condi-
tions are 5o to 10o C. bclow the honroduplex nrclting
tenrperature (T,,,); see generally, Sambrook et al., Moleculur
Cloning: .4 Laboraton, Manual , 2d cd., Cold Spring Harbor
Press, M89: Ausr-rbcl el al. Currcttt Protocols in Moltculor
I)iolog.t', Greene Publishing. I987). Iu sonre embodimcnts.
thc targct nucleic acid molccule is conlactcd rvith thc bar-
codcd oligouuclcotidc at a tclnpcraturc bctrvcctr lo C'. aud
70n C., sLrch as at a lelrperantre ol'abr)ut 37. C, Iixcntplary
conditious suitable lbr annealing a bar-codcd oligonuclc-
t'rtide to a target nr.rcleic acid nrolcculc arc clescribcd in
[.XAMl'}LIrS 1-4.

[0030] In step (b) ol the merlurds ol' this aspccr ol' rl.le
inventicln, the arutealed bar-codcd oligonucleotide is
cxtcnded usilg the target nr"rcleic acid nrolcculc as a template
to producc a bar-coded target nuclcic acid ntolcculc. Meth-
trds 1br extelding an annealed oligonr.rclcotidc Lrsing a
nucleic acid molecule as a teruplate are standard in the art.
Suitable cor.rditions 1br extcnding the auncaled oligonucle-
otidc prodr.rcing a bar-codcd largct tttclcic acid molccr.rlc
include lhc presellce at approprialc lcluporatures and lbr
sullicient lengths of time ol'e'I)'ectivc iulloultls nl'au enzyrue
and cfl'cctive anlolutts of olher reagcuts, such as bullbrs,
dithiothrcitol, RNasc inhibitors. and a dcrrxynuclc-otidc
triphrrsphate mixture. Typically. tlie cn;ryr.ne is a polyurerase
without exonuclease activily, snch as Scquenase (USB). It
some cntbodituents, the alxtealed bar-coded oligitnucleotide
is extendcd at a tetlrperature bc'trveeu l. (-. irnd 70" C,. such
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as at a teutperature ol abor.rt 37' C. Exernplary conditions
suitable lbr cxtending an arurcaled bar-coded oligonuclc-
rrtide h produce a bar-crtdcd target nncleic acid nrolecule are
described in IIXAMPI.I:,S l-4.

[0031] 'l'he bar-codcd nLrcleic acid niolecules produccd by
the nrethods of thc first aspect ol'the invention uiay be
amplified, as described bclorv. In some erlbodiurents, the
bar-coded nuclei acid ruolccules nray be directly sequenccd
without prior aniplilication (for example, r.rsing lhe ulethod
disclosed by Shcndr.rre J. ct al., Nature Reviet,s o.f Genetics
5(5):335-344. Ivlay 2004).

[0032] A scconcl aspect olthe invenlion provides methods
for authcnticating a DN.{ antplification product. In sonrc
embodiments. the mcthods crrluprise the steps ol' (a) con-
tacting a targct nucleic acid nrolecule il a samplc with a
bar-codcd oligonLrclcotidc undcr suitable conditions to
anneal the bar-coded ttligonucleotide to the target uucleic
acid moleculc, lvhcrein thc bar-coded oligonLrcleotide cour-
prises a Iirsl sequcncc contplcnlcDtary to the target ltucleic
acid molecLrlc, a sccond scqt-tcnce providing a randonr
barcode, and a third scqucucc that is lot contplentelitaty to
any sequeuce in the sanrple, and rvlierein the 5' end of the
bar-coded oligonuclcotide comprises a lethering sequcncc
that is conrpletuclltary to a sequeltce 5'to the first sequence;
(b) extending the anncalcd bar-coded oligonucleotide using
the target uucleic acid nrolccule as a lemplate to produce it
bar-coded target nucleic acid nroleculel (c) amplilying the
bar-cc'rdcd targct uuclcic acid nrolcculc using a primcr that
binds to thc. third seqLlcncc to produce an aniplification
product: and (d) aLrlhenticating the aurplilication product by
detecting thc prcscnce o1'the secor.rd se(luence in the antpli-
fication product. Stcps (a) and (b) of thc rncthods of this
aspect ofthc invcntir:n arc as clescribed lbr steps (a) and (b)
of the urelht'rds o1'the flrst aspcct of the invention.

[0033] In stcp (c) ol- thc nrethods, the bar-coded tarBet
nucleic acid nrolccr-rlc is umplif ied using a primer that binds
to thc third scqucncc lo pmdlrcc al anrplification product. In
addition to thc prinrcr that binds to the third sL.quencc
(leftward priurer). a prinrcr that is complelt)elttary to the
Scnuenasc producl ol'thc targct nucleic rcid molccule th:rt is
3'. or upstrcanl. to thc lirst scqucucc is usc.d (rigJrtw.ard
primer), as slrou,n in lrl(.i. l. Merhorls and conditicrus frrr
aurplilying nuclcic acid nrolccule's using the polynrerasc
chaiu reaction (l)CIl) are standlrd in the art. Exenrplarl,
conditions Ibr amplilying bar-codcd targct nuclcic ilcid
molecules arc describcd in EXAMPLES 1-4 and 6.

[0034] tr-l step (d) ol'thc rrcthods. the aniplification prod-
uct is authcnticated by detectiug the presence of the sccond
sequencc in the antplil.ication product. Generally, the ampli-
fication pmducts uray bc aualyzed by gel electrophorcsis.
and lirrther cloning and sccluencing appropriately sizeci
products. Methods and couditions tor aualyzing nucleic acid
luolccules by gcl clcctrtlphoresis, cloning. md sequcrtcing
are stalrdrrd in thc art. Iixemplary conditions fbr analyzing
bar-soded target r.ruclcic acid molecules bv gel electrophore-
sis. clcuing, aud sequencing are described il EXAMpLES
I -4 and 6.

[0035] Iu somc cnrbodintcnts. lhc bar-codcd oligonuclc-
otide further comprisc a lburth seqr.:ence, as described abtrve
lbr the first aspcct ol'the invcntion. and step (d) further
comprise's autheuticatiltg the amplilication prodLrct by
detecting the prcsencc ol'thc lirurth seqr.leuce iu the anrpli-
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fication product. Thus. sonre embodinrcnts ofthe rnethods of
the invention comprise the steps of (a) conlactirlg a target
nucleic acid rnolecule in a sarlplc with a bar-cclded oligo-
nucler:tide under suilable conditions to arureal the bar-coded
oligonucleotide to the target nucleic acid molecule, wliercin
the bar-coded oligonucleotide comprises a first sequence
corrrplelnentary to the target nucleic acid rlolecule, a second
sequencc pror.iding a raudout barcode, a third sequence that
is not complementary to auy sequellce in the sample, and a

lburlh scqucncc providing cxpcrimcntal idcntification infor-
nratiou, alrd u'herein the 5' end ol'the bar-coded oligonucle-
otide conrprises a tethering scquclice thal is complementary
to a sequence 5' to the lirst sequcnce; (b) exteudiug the
anncalcd bar-codcd oligonuclcotidc using thc targct nuclcic
acid ruolecule as a templale to produce a bar-coded larget
nr.rcleic acid rnolecnle; (c) anrplilying the bar-coded target
nucleic acid molecule using a primer that binds to the third
sequeuce to produce au alnplificirtion product; and (d)
authenticating the amplificatit'rn prt'rcluct by detecting the
presence ofthe second sequerlce and the fourth sequence in
the amplification product. A reprcscntative method of this
aspect ol'the invention is schematically illuslrated iu FIG. 2.

[0036] A third aspect of the invention provides methods
lor authenticating a DNA arnplification product. In some
crnbodimcnts. thc mcthods courprisc thc slcps of (a) ligating
a hairpin linker to a double-strandcd target DNA rnolecule,
wherein the ltairpin lirilier conrprises a first seqllence. a

second sequence, and a third seqr.rence. lvherein the hairpin
linker comprises a first seqrrence providing experimental
identification iufclmratiou, a secon<i sequellce prclviding a

randorn barcode comprising nr.rcleotides selected from the
gronp consisting of adenosiries, guarlidiues, and thymidines,
and a tlird sequence corlrplernentary to the first sequence;
(b) treating the ligated tarBet DN.A. nrolecule of step (a)
urder suitable conditions to corlvert cytosines in the ligated
target DNA molecule to uracils; (c) amplilying the treated
ligated target DNA molecule of' slcp (b) 1o produce an
amplilication product; and (d) authenticating the anrplifica-
tion product of step (c) by detc,cting the presence of the
second sequence in the amplilicaticrn product. ln ernbodi-
ments of this aspecl of the irrvention wherein a hairpin Iinker
is ligated 1o a double-stranded target DNA rnolecule. the
stem of the hairpin is tethered and sclf colnplelnentary to
cnsurc that thcrc is a doublc strandcd lbmr that can bc
ligated with digested double strand DNA.

[0037] ln step (a) of these rlrethods, a hairpin lirilier is
ligated to a digested, double-slrandcd, target DNA molecule.
The hairpin linker cornprises a first sequence providing
experimental identification information. The fu st sequence
providing experimental identification inforration is as
described above, for the bar-coded oligonuclmtides used in
the first and second aspects ofthe methods ofthe invention.

[0038] The hairpin linlier iurrher comprises a second
sequence providing a random barcode. The second sequence
providing the random barcode is as described above lbr the
bar-coded oligonuclerrtides used in lhe first and secoud
aspects of the ffethods of the inventioll, except that it orily
comprises nucleotides selectcd from the group consisting of
adenosines. guanidines, and thymidines, and a third
sequence complementary to the llrst sequence.

[0039] The third sequence in the hairpin linker is comple-
mentary the second sequencer to provide a hairpin secondary
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stnrcture lbr the liril<er, iu rvhich the first and third sequeuces
are annealed, and the second sequertce lbmrs a loop. lhis
reprcsents an additional lornr o1'tethering to ensr.lre proper
secondary stnrctr.lre required for ligation to genomic DNA.

[0040] In this aspect of the invention. the digestion of the
double-strand DNA provides a defined overhang that allows
lbr specilic ligation. The overhang is dctermined by the
enz),nle r,rsed and the locus that is targeted for amplification.
Blr.urt-endct hairpin ligation may also be intplemented.

[0041] A lburth aspect of the invention provides conlpo-
sition comprising a target nucleic acid molecule and a

bar-codcd oligonuclcotidc. whcrein thc bar-codcd oligo-
nuclcotide corlprises a first sequence conrplenrentary to the
target nucleic acid molecule, a second sequence providing a

random barcode, and a third sequence that is not colnple-
lurclltary to ally scqucllcc in thc samplc, and whcrcin thc 5'

end ofthc bar-codcd oligonucleotide cornprises a tethering
sequerlce that is complementar.v to a scqucllce 5' to the first
sequcnce. The first, second, and third sequences, and the
tcthcring scqucrlccs arc as dcscribcd abovc. In somc cmbodi-
l11ellts, lhe bar-coded oligomrcleotide further comprises a

fourth sequence providing experilnerltal identifi cation infor-
rralion, as also dcscribed above.

[0042]'fhe following examples illustrate representative
enlbodimenls now contemplated lbr practicing the inven-
tion. bul should not be constmed to liniit the invention.

EXAMPLE I

[0043] This example describes an exemplary rnethod of
the invention for authenticating a PCR product liom the
FMRI locus by using a bar-coded oligonucleotide with a

5-nuclcotide random barcode.

[0044] l. Materials and Ivlethods

[0045] Target DNA: Hunan genomic DN.A, was isolated
from blood using a standard protocol. DNA samplcs wcrc
ohtained Imm blood treated rvith proteinase K. then recov-
ered using a phenol extr"rction. lsolated DNA wus resus-
pended in TE bufler and stored at -20o C.

[0046] Bar-coded Oligonucleotide: Oligo HBP (5'ACAT-
GCATGTCTTCAAAGTGG NNNNN AGGAGGG
CiC,1\TGT TCTCTCTTCA-AGTGGCCTGGGAGC 3', SEQ
ID NO:10). From 5'to 3', oligo HBP contains a ulique,
non-geuomic sequence (5' AC.{TGC.,fIGTCT-
'fCAAAG'I'GG 3'. SljQ lD NO: l1) Ihat provides a leftward
primer binding site (region (a) in FIG. 1); a 5-nr.rcleotide
randor.u barcode (NNTNfNN; region (3) in FIG. l); a batch-
starnp (5'AGGAGGG 3': region (2) in FIG. l)l an intemal
tethering sequcnce (5'GCATGT 3') that is complementary to
the 0nt 6 nuclcotides of the leftrvard primer binding site
(i.e.. complementary to regiorl (5) in FlG. 1); and a 24-nucle-
otide sequellce complementar"v lo FMRI (5' TCTCTCT-
TCAAGTGGCCI'GGGAGC. SEQ ID NO: I2t region (I) in
FIC. l), a single copy gene on the X chromosome.

[0047] Oligo Arurealing and Extension: Oligo HBP was
diluted to 450 nM in I x Sequenase buffer (JS Biochemical),
and hcatcd at 95' C. for 5 minutcs. Thc dilutcd oligo was
then allowed too cool gradually to 4n C. In a separate tube
0.25 micrograms of genomic DNA was added to 1.65

microlilers ol 5x Sequenase buffer, and thc total DNA
rnixtrre was brought up to a final volurne of l3 microliters.
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This rnixture was heated at 95o C. lbr 2 urinutes to denalure
the DNA. After denaturation, 2 nricroliters olthe pre-dilr.rted
oligo I IRP was added, bringing the volunrc to I 5 microliters.
This nrixture was then heated at 37" C. lirr 15 minutes.
During this liure a liesh urixture ol'Mg-dNTP w,as ruade.
'fhe Mg-dN1'P nlixture has the lbllowing ccrnccntratior.rs: 20
nrM MgClr, 2.0 nrM DT'I, 0.25 nrM dNTPs, and lx
Sequenase buller. Al'ter lhe 37" C. incubatiou was complete.
2,0 microlilers of the lieshly prepared Mg-dN'IP ntixrure
was addcd. lollowcd by 1.5 nricrolitcrs ol l:5 dilurcd
Sequenase v2.0 (lIS Biochemical) in 'fE butl-er. The final
volunre was 18.5 microlitcrs. The nrixture was tlren illcu-
bated at 37o C. for l5 minutes. This incubation was fbllowed
by a liuthcr incubatiou at 67o C. lbr l5 minLrtcs to rcdncc the
activity of the Sequenase. These steps allow 1br tlie exten-
sion rlf the annealed oligo onto thc genomic template,
rcsr.rlting in a bar-coded ternplate lbr subscquent amplifica-
tiorr.'lhe mixtr"re was then stored at 4u Cl. r-urtil I)CIR.

[0048] PCII Reaclion: l0 uricolitcrs ol rhc post-sequenasc
pmducts were used in a 100 nricmliters Flotstar Master Mix
(Qiagen) that also had 2 microlilers ol'each of the 50
micromolar lcftward prinrcr (5'CC.4,CITTCiAAGAC./\TG-
CATGT 3', SnQ ID NO: l3) and rightward prinrer (5' GGAT-
GC.{T'ITGATTTCCCACGCC 3', SEQ ID No:14). PCR
was initiated at 95'C. lbr 15 minutes per the nlaltulhcturer's
inslnrctions, and cyclcd in thc lbllou,ing rvay: 95o C. lbr 30
seconds, anrrealed at 6l o C. tbr 30 scconds. and extended al
72" C. ktr 40 seconds; 35 cycles were nul.

[0049] Screening ofBar-codcd PC[{ Producrs: Tlie resulr-
ing band of the appropriate lcngth ol'bar-coded FMRI
products was recovered iiont a L8oZ agarose gel visualized
with cthiclir.un bronicle. l'hc DNA was purified front the
slice witli the Qiagen PCR PLrrificarion kit lbr agarose gels.
per manufacnrrer's instnrctions. Isolatcd cncoded DNA rvas
then translbrmed iuto chentically contpctcnt Z. coli (lnvit-
rogcu) per uramrlhcturer's iustntctions. Isolated colonies
were then picked tbr a screening rcI{(SPCR). .A, porrion of
thc SPCR reactions were visualizcd on an agarose gel to
vcrily the presence ol the translbrmcd vecror. Verified SPCR
reactious were then cleaned with Micrucle'an (Gel Com-
pany) and sequenced on an ABI 3100 rvirh Big Dye.

[0050] 2. Results and Discussion

[0051] A representative aniplilied producr, MM22, high-
liglrts the confinued bar-codcd regions:

MN22 |
5' ggatgcatttgagttcccacgccactgagtgca (SEe ID NO:15)
cctct 9c a gaaatgggcgt tctggc cctcacg aggc
agtgcgac ctgtcaccgctcttcagccttc cc Ac cc
tccacc aa gc ccgcgcacacc cggccc gcgcgtc tg
tctttcaa cc cagc acctc agccagtt ccc ag cagc
gc gcat gc gc gc GCTCCCAccCCACTTGAAGAGAG
A ACATGCCCCTCCT ACACCC CACTTTGAAGACA

[0052] The sequences in lowcr case is tltc region comple-
Ilentary to FMRl that was not rcprescl)tcd in the bar-coded
oligonucleotide, startirg with the rightward primer bindiug
sitc (italicizcd). The scqucucc-s in Lrppc-r clsc corrcspr)ltds to
the sequence of the bar-coded oligonucleotide, starring with
the reverse conplement of lhe sequence cttnrplemerttary to
FMRI used to amreal the bar-codc.d oligonucleotide (i.e., the
reverse cturplement of 5' l C'l C"l'C't-l'('dAG'I GGCC IGG-
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GAGC, SEQ ID NO:12), lbllowed by the six nncleorides
corrcspondiug to the intcmal tether (5' ACAIGC 3'), the
seven nuclcotidcs corresponding to the batch-stanrp
(5'CC-I'C'C'l 3'), the 5 nr.rcleotides corresponding to the
barcode (5' .,\CACCC 3'), and the leliward prinrcr binding
sire (iralicizcd).

[00S3] I 32 sequences rvere obtained liorl this expcrintent.
'l'[rere we.re 22 sequences with a barcode thal was identical
[o a sequeucc alreadv obtained (i.e., redrurdaut sequences).
The rcmaining I l0 sequences had distinct barcode regious
that rvere 5 nr.rcleolides long, indicating rlut those sequences
originated lioru separate cells, or separate gcnoruic target
molecules. As expecled, because this was the first assay of
its kind, therc was no detectable contaluination. All recov-
cred scquenccs had the proper batch-stamp lbr oligo HBP
(5'CCCTCCI'3'). The ability to distinguish rcdr.rndant tionr
valid data is an immenscly porverlitl tool.

EXAMPLE 2

[0054] 'l-his example describes an exenrplary ulcrhod of
the iuventirrn lirr aulhenticating a l,Clt product liour the
FMRI locus by using a bar-coded oligonucleotide wilh a
7-nuclr--otidc randour barcode.

[0055] l. Materials and lvlethods

[0056] Target I)NA: Hnruan genonric DNA was isolated
as dcscribcd in IIXAMPLE L

[0057] Bar-codcd Oligonucleotide: Oligo MLM I (5'
ACAI'CCAl'G'I'CTTCAAAGTGG NNNNNNN CG,,\T.
I'GI' (iCAl'C;1' CCTCTC]TC'I'TCAAGTGGCCTGGGAGC
3', SEQ lD NO: l6). Fronr 5'ro 3'. oligo MLMl conrains a
tunique, nou-genouric sequeuce (5'ACAI GCAt G'l'C .l-
TCAAAGTCjC; 3', SIQ ID NO:l I ) Ihat provides a lefiward
prinrcr binding site (region ( ) in FIG. l)l a 7-nr.rclc'oride
randorr.r barcode (NNNNNNN; region (3) in FIG. l)l a
batch-stamp (S'CGATTGT 3'; region (2) in IrlG. l); an
intenral tethcring sequencc (5' GC.ATGT 3') that is courple-
Illentary to the lirst 6 nucleotides ol the letiward prinrer
binding sitc (i.c.. complcurcntarv to rcBion (5) in FIG. l);
and a 24-nLrcleotidc sequence conrplernentary to [1MRl
(region (l) in FICi. l). A bar-code sequenccs ol'7 randotn
nncleotides provides thc possibility ol'47 distinct sequel.rces.

[0058] Oligo Aruealing and Extension: Oligo MLMI was
dcnaturcd. arurcalcd to gcnomic DNA, and oxtcndcd as
described in IIXAMPLE l.

[0059] Purillcation of Exteusion Producls: Unless the
tunincrrrporated oligo is removed afier cxlcnsion. it is pos-
sible that unincorporated oligo could be r.rsed as a printcr in
sr.rbscqr.rent l)CR rcactions. This could lead to re-bar-coding
olproducts and contanrinauts. To avoid this, post-sequenase
products *'cre cleancd using QIAQuick PCll puritication
colrunns (Qiagcn) according to manuI'actrrcr's instntctions.
Because the MLMI oligo is longer than the tested lengths
that Qiageu provides itrlbnuatiol lbr, rhe cxact elliciency or
renroval ol'unincorporated oligo was tiot detenuined at this
timc.

[0060] [)('l{ Rcaction: l0 micolitcrs ol-thc purificd post-
Seqireuase prodLrcls n,ere used in a 100 r.nicrolilcrs [lolstar
Master Mix (Qiagcn) rhar also had 2 microlirers of each of
the 50 nricronrolar leliward primer (5'CCAC'|TTGA.A,GA-
CAI GCIAI G'I 3'. SljQ lD NO:13) and rightrvard primcr (5'
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GGATGC.ATTTGATTTCCCACGCC 3', SEQ ID NO:14).
PCR *as initiated at 95o C. for 15 minutes per lhe manrl-
tacturer's instructions, and cycled in the lbllowing way: 95o

C. for 30 seconds, amrealed on a telrperature block ranging
front 60.8o C. to 64.1'C. for 30 seconds, and extended at

72" C. for 40 seconds; 35 cycles were nln.

[0061] Scrccuing ofBar-coded PCR Producls: Bar-codcd
FMR I products were recovered and screerred as dcscribcd in
EXAMPLE I,

[0062] 2. Resr.rlts and Discussion

[0063] 46 sequences were obtained liom this experinlellt.
The barcodes. batch-stamps, and the annealing tenrperature
of lbur exemplary bar-coded sequences are shown in
-IAilLE 

1. 36 ol'the 46 were desirable and valid scquerlces,
each of which had a uniqr.re barcode. Only one ol'thc 46

scqucnccs wits a contanlinallt scqUcltcc: it containcd thc
batch-stanrp of'the IIRP oligo used in IIXAMPLI I and a

5-nculcrtide barcode (MLMI-43 in Table 1). .4. redundant
sequence was also recovered, meaning that a MLMI-posi-
tivc scqucncc with an alrcady sccn bar-codc was rccovcrcd.
One of these two sequellces was counled as a valid
sequence. The remaining 8 of the 46 sequences were the

result of IIle kind of PCR error and noll-specific amplifica-
tion that is usually obscrvcd prior to tcnlpcratrrc optinriza-
tion ofa PCR reaction. They also suggest that re-bar-coding
is a low-probability event due to the l-act that a contaminanl
was able to nlake it tluough rvithout being re-bar-coded by
all excess anloullt of MLMI oligo.

TABLE 1

Exemplarv Bar-coded PcR ProductE
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CT.AGTGT GCT\TGT CCTCTCTCTTCAqGTGGCCTGG.
GAGC 3', SEQ ID NO:17). From 5'to 3'. oligo MLM3
contains a unique, non-genomic sequence (5'AC.4TGCAT-
GTCTTCA-{AGTGG 3', SEQ ID NO:ll) that provides a

lellward primer binding site (region (4) in FIG. 1); a

7-nucleotide random barcode OfNNNNNN; region (3) in
FIC. 1); a hatch-stamp (5'CTAGTGT 3'l region (2) in FIC.
l): an intemal lclhering sequence (5' GCATGT 3') that is

conlplenlelltary to the first 6 nucleotides of the leftward
primer binding site (i.e., cornplementary to region (5) in
FIG. l)l and a 24+u,rcleotide seqnence completrreutary to

FMRI (region (l)in FIG, 1), a single copy gelle on the X
cluotttosclnte.

[0069] Oligo CBPI (5' TTTGATAGCGGCCT.{{ATCG
NNNNNNN GTT..\TNCT .\TC,\&{ TCTCTCT-
I.CAAGTGGCCTGGGAGC 3', SEQ ID NO: l8). Irour 5'to
3'. oligo Mllvl3 contains a unique. non-gcuornic scquence
(5'TTTGATAGCGGCCTAAATCG 3', SEQ ID NO:19) that
providcs a lcftward primcr binding sitc (rcgion (4) in FIC.
l): a 7-nucleotide random barcode (ltINNN; region (3) in

FIG. l); a batch-stamp (5'GTTATACT 3'; region (2) in FlG.
l): an

[0070] intenml lethering sequence (5'ATCA{{ 3') that is

complerlentary Io lhe first 6 nucleotides of the leftward
priurer binding site; region (5) in FIG. l)l and a 24-nucle-
otide sequerlce complementary to F-MRl (5' 'l'ClC'1C'l'-

TCTLAGTGGCCTCiGGAGC, SEQ ID NO:12; region (1) in
FrG. l).

[0071] Oligo Anlealing and Dxtension: Oligo MLM3 and
CBP1 were dcnatnred as described in EXAMPLE l. Oligo
MLMI was arurealed to genomic DNA, and extended as

described in EXAMPLE 1. This was done in taudetn 4 times,
The post-Sequenase products were divided into three
samples: (1) 24 microliters was purified and arnplificd as

described in Example 2 below ('honnal samples"); (2) 50

ruricrolilcrs was "spikcd" with a conccntmtion of oligo CBPI
that was equal to lhe concentration of MLM3 (i.e.. 5.4

microliters ol'the 490 nM stock). 25 nicroliters of the spiked
reaction mix was purified and amplified as described in
Examplc 2 ("spikcd samplc"); and (3) 25 microlitcrs of thc
spiked reaction mix was amplified as described below,
without purification ("dirty spiked sample").

[0072] l)urification of Extensiou I'roducts: l)ost-Seque-
nase products Qromral sample and spiked sanple) were
cleaned as described in EXAMPLE 2.

[0073] PCR Reaction: 10 micoliters of the purilied post-
Sequenase producls were used in a 100 microliters Hotstar
Master nrix (Qiagen) that inch.rded 2 rnicroliters of each of
the 50 micromolar leftward primer and the righrward printer.
Two separate PCR reactions were run in parallel with each

saruple, one with the MLM3 leftward primer and one 'r,,'ith

the CBPI leftward primer so as to avoid priner interl'erence.
PCR was initiatcd at 95o C. for 15 minirtcs pcr lhc rnanu-
tacturer's instmctiorrs, and cycled in the fbllou'ing way: 95o

C. for 30 seconds. amealed on a tcmperatLlre block ranging
from 6l.4o C. to 64.1o C. for 30 seconds, and extended at
72" C. for 40 scconds; 35 cyclcs wcrc run.

[0074] Screening of Bar-coded PCR Products: Bar-coded
FMRI products were recovered and screened as described in
BXAMI'LB 1.

7

Anneal ing
sequence Nme Temperature Batch-Stamp Bar Code

Mr,vil_22

MLMl_2 3

MLMl_4 3

MLl41_3 0

53.50 C

60.80 C

60.8' C

63.50 C

ACAATCG

ACAATCG

CCCTCCT

ACAATCG

TGGGCGA

CAAATCA

ACCAG

CAAATCA

[0064] Sequences NILMI-22 and MLMI-30 have the
barcclde and they w'ere produced using the same arurealing
telnperature (63.5' C.), which was r:ruch higher than lhe
amealing tcmpcraftrrc that produccd thc contar:rinant
MLMI-43 (60.8" C.). This may suggest that lhe PCR
reaction will luve a higher specificity at higher ternperatures
lor amrealing lhe prirlers.

EXAMPLE 3

[0065] 'l'his Exarnple describes an exenplary nlethod of
the invention for authenticating a PCR product frorn the
FMRI locus by using nvo bar-coded oligonucleotides, each
with a 7-nucleolide random barcode.

[0066] 1. Materials and Methods

[0067] Target DNA: Hunan genomic DNA was isolated
as described in EX.AMPLE l.

[006E] Bar-coded Oligonucleotides: Oligo MLM3
(5'ACAI'GCA]G1'CI1'C]A.{AGI'GG NNNNNNN
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[0075] 2. Results and Discussion

[0076] I 07 scqucnccs wcrc obtaincd from this cxpcritucut.
The resLrlts lvere interpreted as follows. The addition of a

second primer binding site via a second oligo, tests the
eilicicncy of colum removal. and it also tests ibr biased PCI{
amplilication as thc PCR rcuctions only luvc onc lcflward
prinrer.'l'hus, PCR reactions with the CBPI leftward prinrer
will prel'erentially amplily the sequelces contairling tl.re
CIIPI oligo. As cxpecled, equal amounts of oligos were
present in ttrc dirty samples which had nol been cohurur
purified. It was also expected that in the nomral samples
there would be no CBPI annealed sequerrces available. ln
addition. the reaclions containing the CBPI leftward prinrer
wcre lcss ellicient. whether or uot tlte sarlple was purified.
This was appareut as the bands prodr.rced l'ront such ampli-
Ilcalions were faint when visualized on an agarose gel. The
rcactiou of thc nonnal sar:rplc rvith MLM3 lcftward printcr
produced a <iistinct and nrore visible band. No barrd was
prodLrced lilrm the normal sar:rple reactions using thc CBI)l
leliward prirucr. The spiked sample rcactiou using the
ML,M3 lcliward prinrcr produccd a bright ald distinct band
(this alsrr ntay iudicale thal the prodLlct \4/as couccnlralc(i
during the colunu purilication). Horvever, the spiked santple
reactioll r.rsing the CBPI lel-r*-ard priuter produced a band
that was vcrv laint.

[0071] These experinreuts derutrrutrate that two dill'erent
bar-coded oligtrs can be used in a reaction and dillerentially
anrplifi e'd using di ll'erenl printcrs.

EXAMPLE 4

[0078] This Exaniple describes an exeuplary method ol'
the invention lor ar.rthenticating a PCR prodlrct lronr lhe
FMRI locus by using a bar-coded oligonr.rcleotide u,ith a
7-nuclctrtide random barcode and with a 5, tethcring
sequence that is 5' to the leliward primer binding site.

[0079] I. Materials and Merhods

[0080] Target DNA: Hurnan genomic DNA was isolatecl
as describr-rl in EX.AMPLE l.

[00tll] Bar-cocled Oligonuclcotide: Oligo MLMI2 (5,
GTACCA AC.ATGCATGTCTTCTLA-AGTGG ATGGTAC
NNNNNNN TCI'CTCTTCAAGTGGCCTGGGAGC 3"
SilQ lD NO:20). Fmrrr 5' to 3'. oligo Ml-Ml contains a
6-nucleotide 5' tethcring sequence (5' GTACCA 3'l rcgitrn
(5) iu IrlG. l) that is complementary lo tlie batch-sranlp
seclucncc: a ullique, non-genornic sequence (5' .,\C.,\1'GCAI-
G',lc'1"lclAA"AGl'GG 3" SHQ ID NO: ll) rhar providcs a
leliwarci prinrer binding sire (region (4) in FIG. l); a
batch-stamp (5' ATCGTAC 3'; region (2) in FIG. l)l a
7-nucleotide randour barcode Q.fNNNNNN; region (3) in
|lG. 1); aud a 24-nucleotide seqnence compleurentary to
FMI{I (5, I'CTC'ICTTCAAGTGGCCTGGGAGC. SEQ ID
NO: l2; rcgion (1) in FIG. I).

[00t12] Oligo Annealing and Exlension: Oligo Ivll.Ml2
was deuatured, iuuealed to genouric DNA, and extended as
described in EXAMPLE l.

[00113] [\rrificaricu of Exrension Products: A third of the
posl-Scqucnasc prodr.rcts u,ere cleaned using QiaQuick PCI{
puriflcation cohururs (Qiagen) according 10 mauutacturer's
instnrctions, a third were cleaned with the Strateprep llCI{
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purification kit (Stratagene) accordiug to nrallufacftlrer's
instnrctions, and a third were not purified.

[0084] PCR Rc'actiolr: 2.5 micoliters of the posr-Scqr.rc-
nase products rvere used in a 25 microliters []otstar Mastcr
Mix (Qiagcn) that also lud 0.5 microliters of each of the 50
nticrourolar leliward primer (5'CCACI'TTGAAGACATG-
CATGT 3', SEQ ID NO:13) and riglrtward prirner (5'GGAI-
GCAl"f lGAI'I"ICCCACGCC 3', SEQ ID NO: l4). I'CR
was initiatcd at 95o C. for 15 minutes accr:rdiug to ulauu-
thcnrrer's instnrctions, aud cycled in the lbllowing way: 95o
C. lbr 30 seconds, amtealed at 63.5o C. lbr 30 seconds, and
extendcd at 7 2o C. tbr 40 seconds; 21, 23, 25, 27, 29, 31, 33,
and 35 cycles were nut separately to collcct data in a

real-time ltl{}lutcr. Iu tanderu. a PCR reaction tbr eacli
sanrple rvas pcrftrnled without a leftward printer. 'fhis lack
ol lcliward prinrer lbrces any excess bar-coded oligo to
bchave as a primer if it is able to do so. Therel'ore, this
prcscnls a dircct assay .lbr re-bar-coding. If the bar-codcd
oligo is r.rscd as a prir:rcr. thcn a band will bc produccd and
thc 6 hases 5' ol the prinrer binding (the 5' tethering
sL'qucnce. 5' CTACC.A, 3') u,ill be prescn( in the amplilicd
scqucnces. Il' the oligr.r is used properly. as in the experi-
nlcuts with a lcfl*,ard primcr, lhcn thc cxtra bascs rvill not
be prcscnt in any aurplilied sequences fls they are 5' of the
lcliward printer binding site.

[00t15] Screening of Bar-coded PCR Products: Bar-cocled
FMR I products were recovered and screened as described in
EXAMPI-F] I.

[00ti6] 2. Ilesulrs and Discussion

[0087] l{csults showed there was absolutely no visible
baud produccd frour rcactions u,ith purificd samplcs and
withoLrt a leliward prirler. The clata indicate that tlie efll-
cicncy ol' thc columl purification is high. The' extra 6
nuclcotides 5' of the lefnvard priruer biuding site act as au
clcgant and simplc intcmal coltrol lbr rc-bar-coding dunng
the linal PCR cycle. The reactions without a leliward printcr
flrc ulorc ellicient than a water blanli in this case lbr
dctecting coutamiltation and re-bar-coding. Seqr.rences
obtained frour this expcnment rvill cstimate and ntonitor the
IieqLrency ol're-barcoding in tlie final cycle ol PCI{ ampli-
lication.

IX.AMPLE 5

[00tlll] '1'his Exan:ple describes an cxernplary ruethod of
thc inventitu lbr bar-coding a target RN.A, niolcrr.rle by using
a bar-codcd oligonucleotide.

[00t19] 1'he desigl o1'barcode oligouucleotides for har-
coding a targct I{NA ruolccule u,il.l cnccrrnpass thc san.rc
coucepts as described in EXAMPLES 1-4 oue. 'Ihc bar-
codcd oligonucleotide contains a regir'rn cornplcmenrary to
the turget IINA strand. The bar-coded oligolr.rcleotide also
contains a batch-stanrp regitln, a barcode regior:, and a
Lrniquc primcr bincling site, as described in EXAMpLES l -4,

[0090] 'fhe bar-codcd oligonucleotide is r.rsed iu a revcrse
trirnscriptase reaction as is standard iu the art. Alier one
mund crl'rc'verse trauscription, the reaction is stopped and
thc nrixturc is digcstcd u,ith an appropriatc amount ofuracil
glycosylase lo destroy any rentaining RNA tenrplate (wtich
includcs uracil) in the ruix. The digested mixture is thcn
column-purified. as previously described. Post coluuur-pu-
rification standard l)Cl{ is carried out with cyclcs 2-35
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cycles. 'I'he screeninB of bar-coded PCR products is per-
lbnned as described in EXAMPLE 1.

[009i] The ability to digest ruacil-containing oligonucle-
otides with uracil glycosylase provides the oppoffunily to
design oligos rvitli uracil to further reduce the possibiliry of
recoding with excess oligomrcleotide. To utilize this oppor-
tunity, the oligonucleotides may contain nracil. replacing
some of lhe thymines. In this entbodiment of the inveulion,
Sequeruse extension (EXAMPLES 1-4) or reverse tran-
scriptase exlcllsioll (described in this Example). is carried
orrt as described above. In this embodintenl ofthe iuveutiou,
the digestion with uracil glycosylase occurs aiier oue rouud
of PCR, thus fragurenting remaining uracil containing oli-
gonucleotides. This tcclurique uray be preferable lbr appli-
cations requiring a higJrer degree of cenainty that rebarcod-
ing will uot occur.

EXAMPLE 6

[0092] This Examplc dcscribcs an cxcrnplary mcthod of
the invention firr bar-codirrg a PCR product lrom the FMRI
locus in a hairpiu-bisulfite PCR reaction with a double-
stranded DNA template (Miner et al., Nucl. Acids Res.

32(17):c135, 2004. hcrcin incorporatcd by rcfcrc'ncc).

[0093] There is an increased risk of redundancy aud
contamination rvhen amplilying limited amounts ol tenrplate
DNA. lbr exar:rple. when the goal is to compare and quanlily
sequences frtrur dillerent cells represented in the sanre DNA
saurple, as irr bisullitc luethylation analysis (Stoeger et al..
Hum. Mol. Gener. 6:1791-lttOl, 1997). The lrequent obser-
vatiou ol'multiple amplified sequences derived from a single
original molecule was also noted in the context of bisulfite
gcnonric scqucnciug, a lllcthod incrcasingly uscd in cpigc-
nelic research (Millar et al., Methods 27:108-113, 2002). In
respollse to the challenges oIPCR redundancy and cr:ntami-
nation associated with PCR aruplification of Iiniited
arnorurts of DNA tcmplatc. gcnomic DNA fragrncnts wcrc
labeled with rnolecular sequeuce barcodes and "batchs-
tamps" prior to PCR amplification by including these
molecnlar labels in the hairpin liriker sequence (FIG. 3) that
is rrsed in hairpin-bisulfite l'CR (Laird et al.. Proc, Notl.
lcad. Sci. LlSA 10l:204-209, 2004), as described below.
This encoded inlbmration euables the genomic origin of
each sequence obtained from PCR and subsequent bacterial
cloning to be tracked. lrach genonic fragment is marked
prior to arnplification. allowing r.rs to identifu contaminaul
and redundant sequences and to quanti$' accurately the
proportion ofcells carrying a particulff sequence variant by
connting only distinctly tagged seqncnces. This highly scn-
sitive nrethod olleru confimration ol the independent
genomic origin of all sequences in fuial data sets derived
lioni PCR amplification.

[0094] 1. Materials and Methods

[0095] Conditions lbr hairpin-bisulfite PCR of hunan
gcnornic F-MRl scqucnccs (Laird cl al., Proc. Natl. Acad,
Sci. USA 101:204-209, 2004) were as follows: 5 pg of
genonric DNA was cleaved by l0 U each of restrictiou
endonucleases Dralil and AluI for I h at 37' C., followed by
clzymc inactivation at 65o C. for 20 min. Thc r.rsc of a

second restriction endonuclease, in this case Alul, rernoved
the CG-rich sequerlce distal to the region analyzed. Ligation
of the hairpin linker (5' AGC-G,{TGCDDDDDDDG-
CAfCcC'l'-'l'GA 3', SEQ ID NO:1) rvith variatiotr in the
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non-random nucleotides lbr batch-stamps) to Dralll-cleaved
genomic DNA was lbr 15 min al 20o C., using 400 U of T4
ligase in 20 pl with lx ligation bull'er (New Lngland
Iliolabs). lbllorved by enzynte inactivation at 65' C. for 20

min.

[0096] The bisulllte ct'rnversion follou,ed a previously
pnblished prolocol (Laird et al., Proc. Natl. Acad. Sci. USA

10l:204-209. 2004) with additional therral denatrration
steps. Ilairpin-ligated DNA was denatured in 0.3M NaOH
for 20 min. then heated to 100' C. for I rnin before addition
of sodirul bisulfite and hydroquinone to 3.4 M and I mM,
respectivcly. The reactiou urixture was incubated lbr 6 h at
55" C., witli additioual themral denaturation steps (99o C,
lbr 90 s, l0 times over the 6 h), aud then incubated for an
additir:nal 6 h at 55'C. This was lbllowed by a purification
step using QlAquick PCR purification columns (Qiagen),
subscquent treament with NaOH (final concentmtiou 0.3 M)
at 37o C. for 20 min, and another purification using
Microspin 5-200 HR cohtnus (Amcrsharn Pharmacia Bio-
sci ences ).

[0097] PCR conditions were Hotslar Masler Mix
(Qiagen). rvith denaturation at 95o C. ibr 15 min, followed
by 38 cycles of denaturiug al 95o C. for 30 s, annealing at
58' C. Iirr 30 s. and extension at 72" C. for 45 s; this was
fblloued by a hnal extension at 72" C. fbr 5 mirr. Prinrers
uscd were (i) first primer. 5'-CCTCTCTCTTC.4JMI'A,{C-
CTAA-ddAC-3' (SEQ ID NO:21) and (ii) second priurer,
5'.GTTGYGGC;TGTAdATATTG./LAATTA.3' (SEQ ID
NO:22).

[0098] All PCR products were analyzed by agarose gel
electrophoresis; fr.rrther cloning and sequencing of appropri-
ately sized products was rvith TOPO TA Cloning Kits
(lnvitrogen Lile Teclnologies); seqr.rencing reactious were
carried or.rt with lluorescent dideoxy mrcleotides (B]GDYD
Temriuator 3.1, Applied Biosystens), at either the DNA
Sequelciug Facility, Departrnent of Biochemistry, or the
Comparativc Gcuomics Ccntcr, Dcpartmcut of Biology,
l.lniversity ol' Washington. F.ach sequence rvas prooliead
against the sccplence trace; errant base calling was corrected
manually belbre being presented here. For purposes of
armlysis and prcscntalion, thc output scqucncc was fo.ldcd,
rusing rvord processing soliu'are, into a hairpin confonnatiou
so that both strands aligned.

[0099] Results

[0100] The clulleuge of ampliiying limited amounts of
DNz\ template can result frorn trace anlorults of initial DNA
sample. or l'rom laboratory analyses that include substantial
DNA degradation as a necessilry side elfect ofprocessing. as

in bisrrlfite gerromic sequencing (Grunau et al., Nucl. Acids
Res. 29:e65, 2001). One of the ma jor problems encounlered
in these arulyses is to capture accurately the genornic
template diversity lbllowing the steps of PCR and bacterial
cloning. Hairpin-bisulfite PCR involves the ligation of a

synthctic hairpin lin-licr to lhe cnds of a doublc-strandcd
genomic DNA fragrlent prior to bisulfite conversion and
PCR anrplification (Laird el al., Proc. Natl. Acad. Sci. USA

101:204-209, 2004). While the primary purpose of the
hairpin linlicr is to maintain attaclxnent of complctncntary
strallds, it can also be r.rsed to encode each ligated genomic
fragrnent with inlomration that distinguishes it from other
sequences within a sample, allowing the evaluation of
cloned scquences for redundancy and contamination. 'lb
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accomplish this, the 6 nt loop of a hairpin lin_ker (Laird et al.,
Proc. Narl. Acad. Sci. LISA 101:204-209. 2004) was replaced
with 7 nt randonrly selected li.onr A, G, and T. Cltosine was
not used because its identitv would be arnbiguous afler
bisulfite conversion. With a random T nt barcode, the
nunrber of possible codes is 21871 in selecting l5 cloned
PCR products lionr one DNA sanrple, the probability that
two ol' these will be dillbrent genomic liagments labeled
with identical 7 nt barcodcs is 0.047 (Ior details of rlis
probability calculation, scc Miucr ct al.. Nucl. Acids Res,
32(17):el 35, 2004, Supplenrentary Materials).

[0101] Some applicatit'rns will require a larger pool o1'
raudom-sequence barcr:des if more independeltly derived
sequenccs arc rcquired. Litrkcrs rvith up to 13 nt ir: the
ltairpin loop lmve been used with no obscrvable detrirneuts
to sequeuce rccovery. A 13 nt barcode gives -1.6x106
di.ll'erent codcs; et,eu lbr a selection oI 100 cloned PCR
products, the probabiliry that two of these would be ditl'erent
gcrronric lrag:ucnts labclcd rvith idcntical barcodcs is only
0.0031 (fordctails olthis probability calcularion. see Miner
et al., Nrrr'l. .4cids Res. 32(17):e135. 2004, Supplcnrenrary
Materials).

[0102] In addition to adding the raudour barcode. urol-
ecules were "batclt-stamped" by encoding the hairpin linker
with inlirrntatitrn that would designate the sanrple analyzed
and the date ol analysis. Multiple variants ol the hairpin
lirilier were designed by changing nucleotides in the srenr of
thc lir*cr. Thcsc stcm changcs rcprcscntcd difu^rcnt batchcs
ol' linkers, each o1'w,hich were used ibr the analysis ol' a
dillerent sanrple. 'I'hus, the resr-rltilg sequeltces each bear a
consistent "batch-stamp" encoded iu the stem. and a ran-
donrly variablc barcodc cncodcd in thc loop (FIG.3).

[0103] An enhauced hairpin-bisulfitc PCR nrethod was
applied to the I]MRI prouroter region in the DNA o1'males
with lragilc X syndronre. The classes o1'sequeuces recov-
ercd included hypemrethylated sequeuces with distinctive
barcodcs and pattcnts of ntcthylation (FIG. 4A), rcduudant
hypenncthylatcd sequenccs with identical barcodes and
methylation pattems (FIGS. 48 and 4C), hyporuethylated
sequeuccs with distiuctive barcodes (FIG. 4D), rcdundaut
hyponrcthylatcd scqucnccs with idcntical barcodcs (FIGS.
4E and 4F). and conlar.ninant sequerlces wilh an original
linker that predates the barcoding (FlG. 4G). The mulbcr ol
sc.quellccs cloned intluenced the observed proportiolt ol
rcdnndancy antong thc rccovcrcd scqucnccs; thc obscrv.cd
prc'rporlions of both redturdancy and contamination appeared
to depend on the initial anloLulr of DNA used and the qualiry
ol' the bisullltc conversiolr. fuirong eight diil-erenr DN.,\

Jan.25,2007

samples analyzed, the proportion of sequences thal were
redrrndarrt ranged lrour 7 to 5l%o. and the proportioll of
sequerrces tltat werc contarninants ranged lronr 0 to l4oA.
Occssionally. ct-mtaruinant seqllellces were cloned lront
PCR reactions in which control reactions (those without
template DN.A) showed no DNA bands on ethidiun-bro-
nridc-staincd agarose gcls. In tllese contexts. bar-coding
servcs iis a higJrly accurate ntethod lbr positive identillcution
of dcsircd scquences.

[01 04] Within 1 42 barcodcs rccovcrcd from nlrltiplc rcac-
tions with I]MII], the average nucleotide ct'rmposition was
54% "I',2601, G and 199/u A. This bias is similar to that
previously rcporled 1'or the influence of loop uucleotides on
tltc stability ol'DNA hairpin stnrcturcs (Scnior ct al., Proc.
Natl. lcad.,lci t/S.4 85:6242-6246, 1988).

[0105] 3. Discussion

[0106] 1'hc concept ol'molecular bar-coding has previ-
ously been uscd in signature-lagged ututagenesis (Hensel et
al., Scientt,269:400-403, 1995; Shoemaker et al., Nuture
Genet. l4:450-456, 1996). ro lrack the origins olexpressed
sequerrce tags (Qiu et al., Planr Physiol. 133:475-481,
2003), and to label ob.je'cls lbr idenrificarion and authenti-
caticrn (Cook and Cox. Iliotcchnol. Lert. 25:89-94, 2003;
Cox, .4nal.r'sr 126:545-517.2001). Here, a similar corlcept
was applied to the labeling of individual genomic fragrents
with distinct sequcnce tags. The ability to bar-code and
"batchstamp" genomic DNA sequences liom individual
alleles is uselirl in siluations where the antount of lemplate
DN.{ is limitr.d, thus idcntilying contalritrants and rcdun-
dant sequenccs arising l'ronr tenrplate re-cloning. Contanii-
nalrt scquclrces wcre identified even whert uu.rltiple control
ftto DNr\) [)CIl samples were liegati\/e. Bar-coding allows
1l'rr qr.rantification o1 thc relative abundance of genomic
lurethylalion pattcms or polyrnorpltic sequeDces by correct-
ing Ior skewing that cau arise lioDr PCR arnplification or the
cloning olthc prt'rducts. 1'he barcoding ntethod thus provides
a delinitivc solution to rhe probleut identilled previor.rsly
(Taylor et irl.. Purhologt'29:309-312, 1997; Millar et al.,
Merhotls 27:108-113. 2002), in which mulriple anrplilied
seqr.lcllces ure derived fronr a single original molecule rvhen
teu:plate DNA is linlited in anlounl or of poor qualily. 'l he
tucthod also allows ltrr the analysis ol' mutalions arising
during I)Cl{ amplilication.

[0107] Whilc thc prcltrrcd cmbodimcnt of thc invcntion
has bccn illustratecl and describcd, it rvill be appreciated that
various changcs can be nrade therein without departing frour
thc spirit and scope ol'the iuvention.

10

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOSi 22

SEQ ]D NO 1

LENGTH;26
TYPE: DNA

ORGANISM! Artificial Sequence
FEATURE I

OTHER INFORMATION! Primer for FMR1
FEATURE:
NAME,/KEY : mi6c_f eature

<2 10>
<2Ll>
<2L2>
<2r3>
<220>
<223>
<220>
<22!>
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-continued
<222> LOCATION: (9).. (15)
<223> OTHER INFOR!4ATIONT Wherein D - A, G or T

<400> SEQUENCE: 1

agcAatgcdd dddddgcatc Acttga

<210> sEQ rD NO 2

<211> LENGTH: 9

<212> TYPE: DNA
<213> ORGANISII! Homo sapiene

<400> SEQUENCE: 2

9tgcacctc

<210> SEQ ID NO 3
<211> LENGTH: 145
<212> TYPE! DNA
<213> ORGANISMT Hotno aapiene

<400> SEQUENCE3 3

cagtgatagg ttgtattgtt tcacaagggt tagaatgttt atttttgtag aggtgtattt

atgtgatgtt atatgtgtat tgtatgagtg tatttttgta gaaatgggca ttttggtttt

cacaaggtag tgtgatttgt tatcg

<210> SEQ rD NO 4

<211> LENGTH: 145
<212> TYPE! DNA
<213> ORGANISM! Homo saplens

<400> SEQUENCE: 4

cggtgatagg tcatattgtt tcatgagggt tagaatgttt atttttgtag aggtgtattt

atgtgatgtg gtttgtgtat tgtatgagtg tatttttgta gaaatgggca ttttggtttt

tgcaaggtag tgcgatttgt tatca

<210> SEQ ID NO 5
<211> LENGTHT 145
<212> TYPE: DNA
<213> ORGANISMT Homo rapienc

<400> SEQUENCE: 5

cagtgatagg tcgtattgtt tcgt9a999t tagaatgttt atttttgtag aggtgtattt

atgtgatgtg gtttgtgtat tgtatgagtg tatttttgta gaaatgggcg ttttggtttt

tgcgaggtag tgcgatttgt tatcg

<210> SEQ rD NO 6
<211> LENGTH: 145
<212> TYPE: DNA
<213> oRGANISI4: Homo eaplens

<400> SEQUENCE: 6

tggtgatagg ttgtattgtt ttgtgagggt tagaatgttt atttttgtag aggtgtattt

aagtgatgtt gtgatggtat tgtttgagtg tatttttgta gaaatgggtg ttttggtttt

tgtgaggtag tgtgatttgt tattg

<210> SEQ ID NO 7

<211> LENGTH: 145

9

26

60

720

145

50

t20

145

60

t20

145

60

t20

145
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-continued
<212> TYPE: DNA
<213> ORGANIsM! Homo Bapien6

<400> SEQUENCE: 7

tggtgatagg ttgtattgtt ttgtgagggt tagaatgttt atttttgtag aggtgtartt

aagtgatgta ggtgatgtat tgtttgagtg tatttrtgta gaaatgggtg ttttggtttt

t9t9a99tag tgtgatttgt tattg

<210> sEQ ID NO I
<211> LENGTHt 145
<212> TYPE3 DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE! 8

tggtgatagg ttgtattgtt ttgtgagggt tagaatgttt atttttgtag aggtgtattt

aagtgatgta ggtgatgtat tgtttgagtg tatttttgta gaaatgggtg ttttggtttt

tgtgaggtag tgtgatttgt tattg

<210> sEQ rD NO 9

<211> LENGTH: 144
<212> TYPE: DNA
<213> ORGANISM: Homo eapiene

<400> SEQUENCE: 9

cggtgatagg tcatattgtt tcacaagggt tagaacgttt atttttgtag aggtgtartt

aagtgatgtg tttgagtatt 9tttgagt9t atttttgtag aaatgggcat tttggttttc

gcaaggtagt gcaatttgtt atcg

60

120

145

50

t2o

145

60

t20

r44

<2I0>
<211>
<2L2>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 10
LENGTHT 53
TYPEs DNA
ORGANISM3 ArtificiaL Sequence
FEATURE:
OTHER INFCRMATION! PrI.NAr for FUR1
FEATURE:
NAME/KEY t mi6c_f eature
LocATroN3 (22t..(261
oTHER INFoRMATION3 wherei_n N - A, c, G or T

<400> SEQUENCE:10

acatgcatgt cttcaaagtg gnnnnnagga ggggcatgtt ctctcttcaa gtggcctgqg

<210> sEQ ID NO 11
<211> LXNGTH! 21
<212> TYPE: DNA
<213> ORGANISMI Artilicial Sequence
<220> FEATURE!
<223> OTHER INFORI,iATION: primer bindlng Bite for FMR1

<400> SEQUENCE:11

acatgcatgt cttcaaagtg g

<2t0> sEQ rD NO 12
<211> LENGTH3 24
<212> TYPE! DNA
<213> ORGANISM: ArtificiaL Sequence
<220> FEATURE:
<223> OTHER INFORI4ATION3 Priser for FMR1

a9c

50

53

2r
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-continued

<400> SIQUENCE:12

tctctcttca a9t99cct99 9agc

<210> S3Q rD NO 13
<211> LENGTH: 21
<212> IfYPE3 DNA
<213> ORGANISM: Arti5cial Seguence
<220> TIATURE:
<223> OTHER INIOR}IATIONI Primer for FMR1

<400> SIQUENCE! 13

ccactttgaa gacatgcatg t

<210> gEQ rD NO 14
<211> LENGtHt 23
<212> TYPE: DNA
<213> ORGANISUT ArtiEcial Sequence
<220> EEATURE:
<223> OTHER IN!'OR!'IATIONT Prirer for FUR1

<400> SEQUENCE: 14

ggatgcattt gatttcccac gcc

<210> SEQ ID NO 15
<211> LENGTH:252
<212> TYPE! DNA
<213> ORGANf6!1r Homo sapiene

<400> SEQUENCE: 15

ggatgcattt gagttcccac accactgagt

tcacaaggca gtgcaacctg tcaccgctct

cacacccggc ccacacgtct gtctttcaac

catgcacacg ctccca99cc acttgaagag

agacatgcat gt

24

23

gcacctctgc

tcagccttcc

ccAgcacctc

a9aacatgcc

a9aaat999c

cgccctccac

ggccggttcc

cctcctacac

9ttct99ccc

caa9ccc9c9

cagcagcgcg

cccactttga

50

120

180

240

252

SEQ ID NO 16
LENGTH: 57
TYPE: DNA
ORGANISM3 Artificial Sequence
FEATURE I

OTHER INFORMATION: Prlmer for FUR1
FEATURE I

NAJ4E/KEY: mi6c-f eature
racArroN: (22t..(291
CTrHER INrORI'IATION! tlherein N - Ar C, c or T

<400> SEQUENCE:15

acatgcatgt cttcaaagtg gnnnnnnncg attgtgcatg tcctctctcttcaagtggcc 60

tggga9c 61

<210>
<2LL>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 17
LENGTHT 57
TYPE! DNA
ORGANISM: Artj-ficlal Sequence
FEATURE r

OTHER INFORI4ATTON: Prlfrer for fURl
FEATURE I

NAME/KEY s miec-feature
LocATIoNs (221..(281
OTHER INFORMATION: n ia a, c, g, or t

<2 10>
<2!L>
<2!2>
<213>
<220>
<223>
<220>
<22L>
<222>
<223>
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-continued

<400> SEQUENCE:17

acatgcatgt cttcaaagtg gnnnnnnnct agtgtgcatg tcctctctct tcaagtggcc

tgggagc

bU

67

50

55

20

bU

55

<210>
<211>
<2 !2>
<2!3>
<220>
<223>
<220>
<22L>
<222>
<223>

sEQ ID NO L8
LENGTH3 65
TYPE! DNA

ORGANISI! : Artificial Sequence
FEATURE:
OTHER INFORMATION: Prlmer for FMR1
FEATURE:
NAME/KEY : miBc_f eature
LocATIoN: (2ll , . (21 \
OTHER INFORMATION! n ie a, c, g, or t

<400> SEQUENCE: 18

tttgatagcg gcctaaatcg nnnnnmgtt atactatcaa atctctcttc aagtggcctg

99agc

<210> SEQ ID NO 19
<2 I 1> LENGTH ! 20
<212> TYPE3 DNA
<213> ORGANISM: Artj-ficial Sequence
<220> FEATURE:
<223> OTHER INFORI4ATION: primer blnding Bite for FMRI

<400> SEQUENCE: 19

tttgatagca gcctaaatcg

<2!0>
<211>
<2 L2>
<213>
<220>
<223>
<220>
<22L>
<222>
<223>

sEQ rD NO 20
LENGTH: 65
TYPE! DNA

oRGANIslt: Artificial Sequence
FEATURE:
OTHER INFORMATION: Prirer for FMR1
FEATURE:
NA-I{E/KEY ! miec_f eature
LocATIoN: (35)..(41)
OTHER INFORMATION: n is a, c, g, or t

<400> SEQUENCE: 20

gtaccaacat gcatgtcttc aaagtggatg gtacnnnnnn ntctctcttc aagtggcctg

9gagc

<210> sEQ rD NO 21
<21I> LENGTH: 26
<212> TYPE3 DNA
<213> ORGANfSM: Arti5cial Sequence
<220> FEATURE!
<223> OTHER INFORI4ATION: primer for FMR1

<400> SEQUENCEs 21

cctctctctt caaataacct aaaaac

<210> sEQ ID NO 22
<211> LENGTHi 25
<2I2> rYPE: DNA

26

ML-tPR-000448

Petitioner Illumina, Inc., Ex. 1046, p. 22 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



us 2007/0020640 At Jan.25,2007
l5

-continued
<213> ORGANISM: Artificial Sequence
<220> FEATURE!
<223> OTHER INFORT4ATION: primer for FMR1

<400> SEQUENCE: 22

9tt9y999t9 taaatattga aatta

1. A method for bar-coding a nucleic acid molecule
comprising the steps of:

(a) contacting a targel nucleic acid molecule iu a saurple
with a bar-coded oligonucleotide under sr.ritable condi-
tions to anneal the bar-coded oligonucleotide to the
target nucleic acid molecule, wherein the bar-coded
oligonucleotide comprises a first sequence complemen-
tary to thc targct nLlclcic acid molcculc. a sccond
sequeuce providing a random barcode, and a third
sequetlce that is not complemeltary to any sequence in
the santple: and

(b) exlending the amealed bar-coded oligonucleotide
using the target nucleic acid molecule as a template to
produce a bar-coded target nucleic acid rnolecule.

2. The method of clainr 1, wherein the 5'end o[ the
bar-coded oligonucleotide conrpriscs a tethering sequellce
that is complcmcntar"v to a scqucncc 5' to thc Iirst scqucnce.

3. The nrethod of clairn l, wherein the bar-coded oligo-
nucleotide Irrther comprises a fourth sequence pmviding
experimentaI identification inlbmralion.

4. 'I'he method of clairl l. wherein the tarBct nucleic acid
molecule is a DNA ntolecule.

5. A nrethod lor authenticating a DNA amplification
product cornprising the stcps o1-:

(a) contacting a target nucleic acid r:rolecule in a saurple
with a bar-coded oligomrcleotide under suitable condi-
lions to artneal the bar-coded oligonucleotide to the
target nucleic acid molecule, wherein the bar-coded
oligonucleotide comprises a fifft sequeltce cornplemen-
tary to the targct nuclcic acid molccule, a sccond
sequellce providing a randorl barcode, and a third
sequence that is not colnplemelttary to any sequence in
the sanrple, and wherein the 5' end of the bar-coded
oligonucleotide contprises a tetherirlg sequence thal is
contpleurentary to a sequence 5'to the first seqnence;

(b) extending the annealed bar-coded oligonr.rcleotide
using the target nucleic acid molecule as a template to
produce a bar-coded target nucleic acid molecule;

(c) amplifying the bar-coded target nucleic acid molecule
using a primer that binds to the third sequence to
produce an amplitication prodr.rct; and

(d) authenticating the anlplification product by detecring
the presence of the second sequence in the amplifica-
tion producl.

6. f'he method of claim 5, wherein the bar-coded oligo-
mrcleotide firther comprises a fourth sequeuce providing
experimental identification infomration and wherein step (d)
tlrther cornprises iluthcuticaling the antplification pruduct
by dctecting the prcsence ol the for.rrh sequence in the
amplilication prcduct.

7. The rlethod ol'claint 5, whercin the taryet mrcleic acid
molecule is a DNA nrolc-cule.

8. A ruethod for authenticating a DNA arnplification
product conprising the steps of:

(a) ligating a hairpin linker to a double-stranded rarget
DNA molecule to produce a ligated target DNA mol-
e.cule, wherein the hairpin lirilier coruprises a first
sequence providing experimental identification inlbr-
mation, a secoud sequence providing a random barcode
cornprising nucleotides selected from the group con-
sisting of adcnosincs, guanidincs, aud thyuridincs, and
a third sequence coruplementary to the fint sequence;

(b) trcating thc ligatcd targct DNA molcculc of stcp (a)
tunder suitable conditions to convert cytosines in the
ligated target DNA rlole,cule to uracils;

(c) amplifying thc trcatcd ligatcd targct DNA molcculc of
step (b) to proclr.rce an amplification producti and

(d) authenticating the anplificarion producl ofstep (c) by
detecting the presence ofthe firsl and second sequences
in the amplification prodr.rct.

9. A composition comprising a target nucleic acid mol-
ecule and a bar-coded oligonr.rcleotide, wherein the bar-
coded oligonucla'rtide comprises a first sequence comple-
mentary to the target nucleic acid rnolecule, a se,cond
sequeuce providing a random barcode, and a third sequence
that is not complcmcntary to any scqucnce in thc sarnplc,
and wherein the 5' end of the har-coded oligonucleotide
comprises a tethering sequence that is complementary to a
sequence 5'to lhe first sequence.

10. Thc cornposition ofclaim 9, whcrcin fouflh scqucncc
provides experimental identifi calion infonnation.
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