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BACKGROUND OF THE INVENTION
[0003] An obstacle to the rapid and reliable analysis of genomic DNA or RNA (e.g.,

non-coding RNA or mRNA) from small samples or single cells has been that the
reproducibility of conventional polymerase chain reaction (PCR) has been inadequate to

15  ensure that all target nucleic acids of interest are amplified sufficiently to be detected.

SUMMARY OF THE INVENTION

[0004] In certain embodiments, the invention provides methods of analyzing nucleic
acids from a single cell. In particular embodiments, the single cell is a mammalian cell,
such as, for example, a cell from a preimplantation embryo, a stem cell, a suspected cancer
20  cell, acell from a pathogenic organism, and/or a cell obtained from a crime scene. In
illustrative embodiments, the cell is a human blastomere (e.g., from an eight-cell stage

embryo) or a human stem cell.
[0005] For example, an illustrative method for genotyping a single cell entails:

(a) performing whole genome amplification of the genome of a
25  single cell to produce an amplified genome;
(b) preamplifying the amplified genome to produce a
preamplification reaction mixture comprising one or more amplicons specific for one or

more target nucleic acids (loci); and
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nore target nucleic acids (loci); and(c) anplifying and detecting the one
or nore anplicons. [0006] In certain enbodi nents, whol e genone
anplificavDano(08&sp is carried out such that a reacti onPplraiSe@woe@®4not
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anplicons specific for one or nore target nucleic acids (target RNA(s));

and (c) gopé7fyi ng @Rdodayent ée@lﬂn&% 1ﬁ>d]§de0;5rnﬁé¥ &tealRh it QO EEH) 089 e rhiRd
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be subj ected to preanplification. Wien DNA is produced fromRNA e.g., by
reverlfe transcription, piabarrmrmair@atl?%f@@hther%ﬁ/%tf@%alsmig@ope&ut in the same

reaction mxture. In cer ai rpgg%gégy@gtéﬁ%DWAe@H%M&% é%ﬁblifﬁa ;g5 ried out

usi ng one or nore prlner or or nore nucl el ¢ aci ds
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carried out for 8-18 cycles. In particular enmbodi nents, no probe is present
inthe pr"‘ééﬂ%&afgqtgﬁ/?(é #ture. [0011] Anplicons produced by

preanplification can be @et ecl@diryihB af@HL@Etthg the one or more amplicons.

15 [0009] In particular embodiments, cDNA is produced by reverse transcription or
amplification of mRNA. In other embodiments, DNA is produced by reverse transcription
or amplification of non-coding RNA. For example, the non-coding RNA can be small
nucleolar RNA (snoRNA), microRNA (miRNA), small interfering RNA (siRNA), and/or
Piwi-interacting RNAs (piRNA).

20  [0010] The nucleic acids generated, e.g., from a single cell’s genomic DNA or
RNA, can be subjected to preamplification. When DNA is produced from RNA, e.g., by
reverse transcription, preamplification can then be carried out in the same reaction mixture.
In certain embodiments, preamplification is carried out using one or more primer pairs
specific for or more target nucleic acids (e.g., loci) of interest. Preamplification can, in

25  specific embodiments, be carried out for 8-18 cycles. In particular embodiments, no probe

is present in the preamplification mixture.

[0011] Amplicons produced by preamplification can be detected, in certain

embodiments, by further amplification. In particular embodiments, this further

amplification is carried out using one or more primer pairs specific one or more target
30  nucleic acids (loci) of interest. These primer pairs can be the same as, or different from,

those used for preamplification.
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nucleotide polymorphisms (SNPs). In particular embodiments, these can be correlated with

the presence of one or more genetic defects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1: A BioMark Genotyping Analysis software SNP genotyping cluster
20  plot of up to 94 individual cells.

[0016] Figure 2: An All SNP cluster plot from BioMark Genotyping Analysis
software of 96 unique SNP TagMan assays against 94 single cells.

[0017] Figure 3: miRNA 30C assay linearity “standard curve” generated from
specific target amplified (STA) template derived from various starting levels of total RNA,
25 analyzed as described in Example 2B. Data is expressed in terms of Ct versus relative

concentration. EFF indicates PCR efficiency over the dilution series.

[0018] Figure 4: Standard curves of U6 assay linearity taken from the same STA
dilution, but from different starting amounts of total RNA, analyzed as described in
Example 2B. Assays demonstrate remarkable response linearity from the reverse

30  transcription (RT) step through the STA and finally in the Integrated Fluidic Circuit (IFC).

3.
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preanplification of" target nucleic acids of interest. In other
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15 [0022] In certain embodiments, the present invention includes methods based on the
use of whole genome amplification (WGA), followed by preamplification and amplification
of selected target nucleic acids. The use of WGA provides multiple copies of the genome
before the preamplification step, increasing the likelihood of complete preamplification of
all target nucleic acids of interest. In other embodiments, a DNA representation of RNA 1is

20  produced, e.g., cDNA produced from mRNA, followed by preamplification and

amplification of selected target nucleic acids.

Definitions
[0023] Terms used in the claims and specification are defined as set forth below

unless otherwise specified.

25 [0024] The term “nucleic acid” refers to a nucleotide polymer, and unless otherwise
limited, includes known analogs of natural nucleotides that can function (e.g., hybridize) in

a similar manner to naturally occurring nucleotides.

[0025] The term nucleic acid includes any form of DNA or RNA, including, for
example, genomic DNA; complementary DNA (cDNA), which is a DNA representation of
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[0023] Terns used in the clains and specification are defined as set forth
bel ow unl ess otherw se specified. [0024] The term"nucleic acid" refers to
a nucl eotwoeopalsgaser, and unl ess otherwi se |imted, inclraaas2kiooy4anal ogs
of natural nucleotides that can function (e.g., hybridize) in a simlar

manner to tura ccurring nucl eoti.des. 0025 ic acid
i ncl udes 8 &Aﬁ BF“r?h%fO%Eﬁ\V?ddjryr Se ?rﬁEFﬂEfﬂ%’go RGP ﬁ@@m@@%\ﬁﬁr Y DNA;
conpl emen@ifickhvh; (mwffﬁomms%od&e@s%dc@w 88 Eﬁ%h%t@ﬁ%RN%um ly

obt ai ned by reverse transcription of nessenger

anpl i fi C%{)%da A GDNA TR &G h&Sei a&ﬁ%ﬁcﬁaﬁ%%s%hbféabf %132{ g@ﬁg@%’?ﬁdl&k Gak! /.

and ] The termnuclerc a enconpasses
triple- stwahmjseqﬂngimﬂrmdedamlehulms Imabublasorsiiplgiseasdedandiedt avidsetilnasleid n

doubl e- or. Ie stranded nucl ei ¢. aci ds the Ie ¢ acid strand ed not
be- cosxt diid wb e Rl b G o i d donber et et il oL De dotbie:

doubl est rsﬁam%we%ﬂ@reqa{gkﬁgfﬁcﬁﬂg&ﬁldgf bot h strands) [0027] The term
nucl eic acid al so ‘enconpasses any chenical nodification thereof, such as by

met hyl atig in;]”d/ or a’ﬁ% t&%PHﬁcﬁ&ﬁ 2DUGH S e%cé"rﬁ ELs&Daglgfchgﬁﬁdaf&gﬁgrﬁg%&{‘&ﬁégE

addition o hem c groups t i ncor porate additiona
pol ar i zabith byby mydiybgien abd/ndby gappe'aigedwcﬂmt atidenadifiextiact ¢aanincladeladdition

functionali to the i d|V|duaI nucl ei c. aci d bases, . phosphodi bonds,
or to t heiuPERk PSS eo R ledduug o P aﬁl%a@ﬁgyn@gﬂr%%%aa@msase

modi flipc atd|Qags@HE thi@gction, arﬂpﬁlhét'l&ﬂh%“tgfﬁle HRfiduaf #hl100 ScidBaRQSI L on
pyrim dine nodifications, 8-position purine nodifications, nodifications at

cyt osi ne piwemhpdieser lamdsesr toshshsidldictd¢idns a @fhoks- tﬁt@hqunﬁmtlbns ay kivbrie
nodi fi cati ons, unusua pai ri ng corrb t| ons such.as the .i sobases

i socyt i dities AR %C%ﬂﬁa%ﬁ?ﬁ%% PN e TRnca 6 oy PR BAVRAEG ar 1y, in

certain %&ﬁﬂbmﬁ B-poikedrBhuFindGhétBficAidhs, lnﬁt%ﬁ%oﬁ@hﬁ/c@z&%ﬁié@x@@ﬂh@|aﬁﬁﬁésdes
(containi ng 2- deoxy }E}rl bose), polyri bonucl eot i des (containing D-ribose),
Y

and any @p ﬁu‘ﬂW@féfbfﬂm@’rUéil@ hedkgonhaodifisagensnunuspalagg paiig @@n@ﬂatépl}ﬁurl ne
or p)irl m }?gs tl?lg%obase% ISV\% dlge ar?fltlsf%uag dlyengn(?thge nal ni ng nonnucl eoti di ¢

backbones exa ucl ei c aC| ds (PNAs)) and
pol ymor p gab@eggg?ﬁg{eg@@%@ ) LSBLE AN A0k ALl
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides (containing
D-ribose), and any other type of nucleic acid that is an N- or C-glycoside of a purine or
pyrimidine base, as well as other polymers containing nonnucleotidic backbones, for
20  example, polyamide (e.g., peptide nucleic acids (PNAs)) and polymorpholino
(commercially available from the Anti-Virals, Inc., Corvallis, Oregon, as Neugene)
polymers, and other synthetic sequence-specific nucleic acid polymers providing that the
polymers contain nucleobases in a configuration which allows for base pairing and base
stacking, such as is found in DNA and RNA. The term nucleic acid also encompasses
25  linked nucleic acids (LN As), which are described in U.S. Patent Nos. 6,794,499, 6,670,461,
6,262,490, and 6,770,748, which are incorporated herein by reference in their entirety for

their disclosure of LNAs.

[0029] The nucleic acid(s) can be derived from a completely chemical synthesis
process, such as a solid phase-mediated chemical synthesis, from a biological source, such
30  as through isolation from any species that produces nucleic acid, or from processes that

involve the manipulation of nucleic acids by molecular biology tools, such as DNA
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pol ymers, and other synthetic sequence-specific nucleic acid polyners

provi ding that the polynmers contain nucl eobases in a configuration which
al | ows fowohamespmori ng and base stacking, such as is f@omaszeoDMB4and RNA.
The term nucl eic acid al so enconpasses Iinked nucl ei c acids (LNAs), which

are descri b]\l,ﬁ% n g;g Pﬁ%ent Nos. 6,794,499, 670, 46 2f490 and
6, 770, 748rep figp Bfrfoamp ?%@Pa’iﬁéﬁsﬁg%ﬁcﬁp‘iﬁ?ﬁ Péf@?’efh%%n 1Hatf thStirety for
their bassse of LNAs. [0029] The nucleic acid(s) can be derived froma
conpl etel y chem cal synthesis process, such as a solid phase-nedi ated

chem cal J h esi s ’T}Iertgl% ata@eph&gélfﬁ §£1d§’ g&i he?%iﬁ ri'o Aferl tg N gﬂgnla& ﬁﬁ(l:lgl i on

from any spe i es that produces nuclelc aci rom processes t i nvol ve
t he mani piidatto badetctadial the eesloidd sledayibod heein. dFar gkt auclgie atcinkslim;lucm,uﬁdr as

DNAreplicatio nplificatian, reverse transcription, or fro

conbi fat i FATBS %gR%mﬁﬁr‘E?&éf‘s%e%mglf’éé%lé?t"[ﬂwliff@?‘ﬁﬁwfné FegenRtyefg s %Su ds" is
used her ehRNIAQ Jf @ﬁt@ﬁesttlﬁ' ef?ﬁﬂé&sﬁ&dﬁtﬁ&e@ YE WellGs 6h- G§dlh$ rRegzd efﬁgét%qcl'e{& e
nmet hods descri bed herein. Target nucleic acids inc exanpl e, | oci

of interdbat a(r@mgglnalgl gl erlmutpl extiimentpointememphisivshd 1mthgécvrm 9IRING as¢ udi es,
nMRNAs of | nter est“t tﬁiﬁﬁ i on studi es as well as non-codi ng RNAs. Target
nucl ei ¢ &G SRR AEFRIATGMAEI y (i.e.. prior to exper i nent al

i ntervent| found.in th a | so terned "targ "
her ei n. ngl)ﬂ] C}‘é @k&*s 1%@}1%@0%@%@ RRACshatieaot IPF&FSS&PE not
neceq@ar 't%aYlslfa{eﬁri%%}r@ch' AR sPiekuaL Tbut Iﬁ%ﬁlh{‘&h‘t@'%an@& Rﬁi’r eEtRN‘A) ahdfi ted to,

transfer RNA (tRNA) and ribosomal RNA (rRNA), as wel such as snall
nucl eol aritRhmal(KNARNANAg, a3 . wellt dsdeAasedcis amet nmlt:hlanﬁwasl (anaRWApe.g.,

pseudourl | ation m cr oRNAs. (m RNA: - whi ch.requl at e re sion),
Srml |1 e e R RS PRGN S eito B T B RN A B! FRRbI T ence
(RNAI ) pat geﬁ@@{ﬁesfsmy shﬁllQﬁtfeﬁ‘E@ng\RNiAst(Elﬁl\%d@M £8iRbl RSk tHel ENAENES,
but have also been shown to act as antiviral ents and in shaping the

chromat i nn@rfﬁm@@fufl?é\léf) patlg@aowb9reéhny ipfeyiierd ‘mﬂ@ XPIRGSIRNAE SHEITRGABES, whi ch
];)lorRmAl\ tﬁgve dl octg)ean t hr Q{lwlra ngsta{nanﬁ s}\ll\al{glmggtﬁe chro ra?%%lrﬂéthre or}ese

COI'Tp exes ave been SCI’I ptl on ene silencin
retrotransgasees arﬁi’lﬁv@inﬁtefacg@g’lRNﬁ(s (BIRIES tvghicHfog@IRIN Al pr6tein complexes
through interactions with Piwi proteins; these piRNA complexes have been linked to
transcriptional gene silencing of retrotransposons and other genetic elements in germ line

cells, particularly those in spermatogenesis), and long non-coding RNAs (long ncRNAs;

20  which are non-coding transcripts that are typically longer than about 200 nucleotides).

[0032] As used herein the term “target nucleotide sequence” refers to a molecule
that has the nucleotide sequence of a target nucleic acid, such, for example, the
amplification product obtained by amplifying a target nucleic acid or the cDNA produced

upon reverse transcription of an mRNA target nucleic acid.

25  [0033] As used herein, the term “complementary” refers to the capacity for pairing
between two nucleotides. l.e., if a nucleotide at a given position of a nucleic acid is capable
of hydrogen bonding with a nucleotide of another nucleic acid, then the two nucleic acids
are considered to be complementary to one another at that position. Complementarity
(Watson-Crick or non-canonical pairing) between two single-stranded nucleic acid

30  molecules may be “partial,” in which only some of the nucleotides bind, or it may be

complete when total complementarity exists between the single-stranded molecules. The
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cells, particularly those in spermatogenesis), and | ong non-codi ng RNAs
(long ncRNAs; which are non-coding transcripts that are typically | onger

t han abouwo0200/ssxsbeot i des). [0032] As used herein the PermS2tiangey2

nucl eoti de sequence” refers to a nDIecuIe that has the nucl eoti de sequence

of a target nulelc aci d, for exa d(tﬁlt}1 1f| i on product
obt ai ned Gy arHIPHY eﬁtfjnﬁ‘r% téfFeIh‘&lt‘tlféF gt é%‘l atﬁlé % 6GPCEE upon

reverse tdiaRsidy Al saenéttl o R mﬁ}ﬁtt)ﬁrbgateeﬁ ttﬁttetccacﬁpgtandt D0BRE chRclned
herein, the term"co erren ary" refers to the capacity for pairing between

two nucl e%tﬁdelgsntetaceons if a nucleotide at a gi ven position of a nucleic

acid is capable of hydrogen bonding with a nucl eotide of another nucleic

aci d, thdi034je two ‘Spedific hylati:dizbiioai’ ecfeans tiedrinding of heudemptidrenttagyt t 0 one
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conpl ete vvhen total” conplenentarity exists between the single-stranded

nmol ecul eghe a'ﬂue@egmwethat red:amltg hrstringendyyofitbt ydeidizadoh epudiaeisliotsands has
significant effect clge F gflfl ci.ency and strength of hybridizati on between
nucl ei ¢ aGHYFRSE PUTRCIGI A0 PREIUBdequent st acki ng i nteractions. [0034]
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stringency conditions. Those of skill “in the art recognize that el axing

t he stri rngenaypohtutcie anphgd ﬁiomaboutrﬁoéldndb«but@ﬁéCat Bﬁﬁﬂ%b@ewumtbe medtmegt ches
to be tolerate artlcu ar e odi, nent s Mlbrldl |on
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hybri di zahé o) ic@BMHhpRNEre ANHERA pYpul fIcAIF dblbla-strefREemAtMIEcidmalecaiege from
about 50C to about 200C or 250C beI ow than the nelting te erature (Tm for

a specifi C@@%@iﬁ:éls%ﬂcwae@efq iegle soands. M@ﬁ@dgfch calsalappg ¢ efatiicleét ei n, the
'Eli'(r:nl Llslrsrt)lhec uq%es gittl:glrln(g‘ggh ﬁ\ﬁh E}Rssegebcgatée %Rfé?lﬁlgf@bg? r ang‘gﬂﬁﬁgglﬁgglse:‘ gr
cal cul at iENZYMOIIOGAf, V@IQHEZ.CG[&H)EITFO&VI@DWULA{RMONING MEGHNIQSES, S&. J. ,
Ber ger anlglege rRTcgtlderglfegl?ngs %I/ETaHI%D SSambrook et al. (1989) MOLECULAR CLONING: A
LABORATORY MANUAL, 2ND ED., VOLS. 1-3, Cold Spring Harbor Laboratory), both
incorporated herein by reference). As indicated by standard references, a simple estimate of
20  the Ty, value may be calculated by the equation: Ty =81.54+0.41(% G+C), when a nucleic
acid is in aqueous solution at 1 M NaCl (see, e.g., Anderson and Young, Quantitative Filter
Hybridization in NUCLEIC ACID HYBRIDIZATION (1985)). The melting temperature of
a hybrid (and thus the conditions for stringent hybridization) is affected by various factors
such as the length and nature (DNA, RNA, base composition) of the primer or probe and
25  nature of the target nucleic acid (DNA, RNA, base composition, present in solution or
immobilized, and the like), as well as the concentration of salts and other components (e.g.,
the presence or absence of formamide, dextran sulfate, polyethylene glycol). The effects of
these factors are well known and are discussed in standard references in the art. Illustrative

stringent conditions suitable for achieving specific hybridization of most sequences are: a

30 temperature of at least about 60°C and a salt concentration of about 0.2 molar at pH7.



ENZYMOLOGY, VOL. 152: GUI DE TO MOLECULAR CLONI NG TECHNI QUES, San Di ego:
Academ c Press, Inc. and Sanbrook et al. (1989) MOLECULAR CLONING A
LABORATORYOIANUMEZS02ND ED., VOLS. 1-3, Cold Spring HarbecTisbavacony), both
i ncorporated herein by reference). As indicated by standard ref erences, a
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base som@sddck@n, present in solution or immobilized, and the like), as
wel | as the concentration of salts and other conponents (e.g., the presence

or absenqeoﬁ for ”ﬁl‘Hedc@pm é@@eféf&'tﬁ%%hg&ﬁlcl@%ﬁﬁé’ g cﬁbé{ﬁé’bi}h b-HBl@zlﬁfg fects
of these factors are wel nown and are discussed in standard references in

the art. (hlsbtstmedf’ anmabmg’ |) Mgélnat m@&m@lamd ond segviing ab hie irfigaticacshte éui mglespdei f i ¢
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short, generally shorter than 200 nuc eotl nore particularly, shorter

t han 1900 pﬁ)lncm@é%eu QIé%VefWE%HS@B?t@ﬁCém zarwrom@rlﬂéfertah@ﬁt Houighleterppiramse.
T | |
ypci al | ypy, 0 'g)%%#&e 181?%%1?% Pﬁ@%r éécpgﬁh% ?ﬂh% &Q&ijed opale%%%%‘%sbuf%ﬂhers

doubl e- strand SO be duced erm

“primer” arefypicallyat Eﬁ]st@l riugleotiddsclond ael, tvad typscaﬁgpa@leer@ﬁ 1030 aictédtiges,al so
termed "anneal i ng") W|th a nucleic acid and serving as an initiation site

for nucl é%telV%FmeF@\WP’G? IpRgam IaotoyiRericleatiflesnindgpmh. opmest @nd8ndi ti ons
(i.e., '%In!%%hg{ 1%ﬁ OBOE&St?]n&&éJtﬁEs%hg“ﬂFlh%o fnfl6 et hHI%P galt”%éfe?srt

agent for polyneri as DNA or °RNA po yrrera e or verse
t randor i phapeltion of arnohg;muokeoudft@ rhifef eaciditicit hybralizuitd abd@pleerperyttarget” The

appropriate |en of a i ner depends onthelnte ed use of the prjner,
but pri ne*F%“eé‘F%g‘ECDB"i“E‘S\SI ‘F‘E}E%PEWEF ayuhess mportdstng ol g&ﬁarall??ﬁ‘?“éllr?%?]éél ly

range fr Q%ﬂ;&a&;?es@@ f&%é&ﬁ&hﬁ’@f stallE h%ﬁ@céfﬁﬁl‘éxés%ﬁ'ﬂ?éﬂe|té’mf)1ra£ém131§mtn@r Rd
nucl eotides, in length her prinerS can

not reflect the exact sequence of the template but must be sufficiently complementary to
hybridize with a template. The term *“primer site” or “primer binding site” refers to the

20  segment of the target nucleic acid to which a primer hybridizes.

[0038] A primer can include a nucleotide tag, e.g., appended to its 5’ end. The term
“nucleotide tag” is used herein to refer to a predetermined nucleotide sequence that is added
to a target nucleotide sequence. The nucleotide tag can encode an item of information about
the target nucleotide sequence, such the identity of the target nucleotide sequence, the

25  chromosome from which that sequence derives, or the identity of the sample from which the
target nucleotide sequence was derived. Nucleotide tag sequences are generally not used as

primer binding sites in the first round of amplification.

[0039] A primer is said to anneal to another nucleic acid if the primer, or a portion
thereof, specifically hybridizes to a nucleotide sequence within the nucleic acid. The

30  statement that a primer hybridizes to a particular nucleotide sequence is not intended to



sonmewhat | onger, e.g., 30 to 50 nucleotides long. In this context, "prinmner
| ength” refers to the portion of an oligonucleotide or nucleic acid that
hybri di zewot20102088250pl enentary "target" sequence and pri ReES/UsSal0O2IE
synthesis. Short primer nolecules generally require cooler tenperatures to

formsufficiently stable hyhrid.conplexes with the tenplate. A prinmer need
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e.g., appended to its term"nuc tag" 15 used herein to
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nucl eqti de sequence. The nucl eqtide tag can epcode an item.of infarmation
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the identity of the sanple fromwhich the target nucl eoti de sequence was

derived. thiuaitgbt iedms tagptrsanlient édovarsgegeher dbiwardoandisederss qu¢ hoter bi ndi ng
sites in.the,fjrst .raund ,of lification..[0039] .Apriner.is said: t
Snneal |t dn@add (ot B ok R kS Iy iy OPgptagon B e g e Byfinérts.

speci fi cal hybridj zes to .a nucl eotide sgguence within the nuclejc acid.
The st at 39@:'(1 t hat épﬁmeﬁaﬁﬂr kyBid; tgibs eunidye alli!bteﬁaflibﬁﬁ oysd&e %R’fﬂfﬂ:éh‘éequence

i's nqp i niehged tpEuQi-cHBlr Yar§ @b lbb&ddNeh idice Ifﬁ’%%ia/gf]l éf;?_l%liﬁi:attﬁﬁrmﬁﬁﬂal etely or

exclusively to that nucleotide sequence. | e term"priner pair"

pr i mer RO bt ofF TRBE i I O P ot BRI AL EERQ A el BT
sequence dompixanangyl iséduedcathdoghIne ‘od muns typeaoi qheiniel bowts, gerevadiyseropgh mer "
that hybridizes wwth the 3' end of the sequence to be anplified, As will be
recogni z&QTHYCRHIAY bafe RAng. uspllyBroygh }Slyoﬁlrﬁéent @Wonln%goelﬂg%ﬁlsoaﬁwugh

" downst r €3 adh] mbQY Mﬂ%xé%?lﬁhﬁs&%i’rﬁfn%%'du@[& Ak ARARILd GindEoyl | M i Ng,
but rather provide illustrative orieftation in particular enbodi nents.

[ 0041P A hybridees pad fprotee wadidg sive.bhelHeymolpueth beflabefedowith bdetentpbleyidet] to
SIS TC NSO TS TR T M
bi ndi ng tQRnpldnérEaY (16l Alfer@ivelyohowever, the probe may be unlabeled, but may be
detectable by specific binding with a ligand that is labeled, either directly or indirectly.
Probes can vary significantly in size. Generally, probes are at least 6 to 15 nucleotides in
20  length. Other probes are at least 20, 30, or 40 nucleotides long. Still other probes are
somewhat longer, being at least 50, 60, 70, 80, or 90 nucleotides long. Yet other probes are
longer still and are at least 100, 150, 200 or more nucleotides long. Probes can also be of
any length that is within any range bounded by any of the above values (e.g., 15-20

nucleotides in length). Primers can also function as probes.

25  [0043] The primer or probe can be perfectly complementary to the target nucleic
acid sequence or can be less than perfectly complementary. In certain embodiments, the
primer has at least 65% identity to the complement of the target nucleic acid sequence over
a sequence of at least 7 nucleotides, more typically over a sequence in the range of 10-30
nucleotides, and often over a sequence of at least 14-25 nucleotides, and more often has at

30  least 75% identity, at least 85% identity, at least 90% identity, or at least 95%, 96%, 97%.

98%, or 99% identity. It will be understood that certain bases (e.g., the 3’ base of a primer)

9.



conpl enmentary sequence through one or nore types of chem cal bonds,
general ly through conpl enentary base pairing, usually through hydrogen bond
f or mat i orwQlzato/m®B20 t hr ough co-ordi nal netal conpl exes) pCrhusgooeevitng a
dupl ex structure. The probe bi nds or hybridizes to a "probe binding site.”

The probe can b beI with a detectable |abel ermt_facile detection
of the pr%%&enebajlryt‘f é’lﬁ‘l1 P?rfﬁfr?]@éoml? DHEHE t%&%r“ﬁ%‘}qo Bé)'ﬁas ‘P%tth fagget nucleic
conpl emenicaf §qhce epnm‘élr hied mbés\/@bﬁéaup %\éﬁﬁmsttspé‘mﬁm@ﬂo RVl dahakel ed,

but may be detectab e by specific binding with a Iigand that s labeled,
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bounded by any of the above values (e.g., 15-20 nucleotides in length %

Prinmers osmlead &id fagmendesreithsr jnreatg or eX@odajalijhdllptiatree meangpioo befaannpe

fectl | t t he t t be |
haan' por MBI CBRD B d §288s HPE e D Pl EERESGo Pe Pas "t °°°
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over a sequence of at |east 7 nucl eoti des, nore ty Elca y over a sequence

in tHE r Aneifisatian(SEpA nhrpesbranched strandidisplaeamany emplificasionemelindd at | east
14- 25 85%
Fdenti Uy GSHGeRER  BOMBES (AP ST MR i ERRLuGRd WeBRREL LR 3R S R,

identity. stdptmu\ltlblexb@amplilﬁcfzﬁfbﬁgdolﬂlhgt:lrclerah@hﬁchﬁﬁﬁ(iﬁ((ﬁe)» gnd tht ke 3nclpdimg of a

primer)ar enerally desirably perfectly conpl enentary to correspondi ng
bases of mwgpkarvsmonﬁ@eﬁ é?@b@e11@18§a%fa%fn§a exppplediut BefdipiteshiesO L@;SLQ%%{ |y

anneal R, ILA?I{S/??% PB[Rélf’@ﬁ LD'ﬁ /i‘ﬂi%' §RgEpERd Pgl RALER Q&l@cﬂknown as

hybrldlzatlon con 044 |cat|on according to t present
t eacHibng s:oeﬂmmdpﬁamesacamy--@@msaddyhmm hDeﬁtcnpeamstofauq:iatetthuatcah easéundne

t t I | at
Dol udi ng AN EES AUROS £t Bk PHAGE I aSationy SRS DRIHHBIT £ ng
hucl ei ¢ @1@ S?ﬁﬁglﬁ'aﬁ%% Pr@sgkh;@r@ |TH3€E§éét%nﬂfP1%&Q9PBB$H ahhy. Biclski‘éﬁéer? bye

means for ormng an anplifying step include [igase chain reaction
(LCR), | il‘éagb etj@t,écﬂlmd\/lméﬁgiﬁﬂ -Q(DFYG); The Nuclelc Acid Protocols Handbook, R.

Rapley, ed., Humana Press, Totowa, N.J. (2002); Abramson et al., Curr Opin Biotechnol.
20 1993 Feb.;4(1):41-7, U.S. Pat. No. 6,027,998; U.S. Pat. No. 6,605,451, Barany et al., PCT
Publication No. WO 97/31256; Wenz et al., PCT Publication No. WO 01/92579; Day et al.,
Genomics, 29(1): 152-162 (1995), Ehrlich et al., Science 252:1643-50 (1991); Innis et al.,
PCR Protocols: A Guide to Methods and Applications, Academic Press (1990); Favis et al.,
Nature Biotechnology 18:561-64 (2000); and Rabenau et al., Infection 28:97-102 (2000);
25  Belgrader, Barany, and Lubin, Development of a Multiplex Ligation Detection Reaction
DNA Typing Assay, Sixth International Symposium on Human Identification, 1995
(available on the world wide web at:
promega.com/geneticidproc/ussymp6proc/blegrad.html- ); LCR Kit Instruction Manual,
Cat. #200520, Rev. #050002, Stratagene, 2002; Barany, Proc. Natl. Acad. Sci. USA 88:188-
30 93 (1991); Bi and Sambrook, Nucl. Acids Res. 25:2924-2951 (1997); Zirvi et al., Nucl.
Acid Res. 27:e40i-viii (1999); Dean et al., Proc Natl Acad Sci USA 99:5261-66 (2002);
Barany and Gelfand, Gene 109:1-11 (1991); Walker et al., Nucl. Acid Res. 20:1691-96
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ligation followed by Qreplicase anplification, PCR, priner extension,
strand di spl acenent anplification (SDA), hyperbranched strand di spl acenent
anpl i fi cavpDanio/088350i pl e di spl acenent anplification (MDApCTISedIeiog9azi d
strand-based anplification (NASBA), twostep nultiplexed arrpl i fications,

ver si ons A0 CBABTHE ORI Mér Dbt 21800k ATBEL Stk CHORY RVt o OLA POR
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conbi ned chain reaction-CCR), and i ke. Descriptions of such fechniques
can be f dixpdrtiRey Mnﬂhggmt%@ﬁ P@yuﬁéﬁwﬁﬁuibmk e¢tl..al Micretg® Meihods. 2003

Labor at : | d P 9 o.d D
Elect ron HHbeSeTA6T TBontvert b i Gt DeituRiSsBEY) F0qitatn 205317, O Pagy Ty,
M cros 346G18307101826)Pat m%mm@bmécm Rib0s 080083, Mrdbankaid  Rapl ey,
ed., Humana Press, Totowa . (2002) Abranson et al ., Curr pi n

Bi ot echnd¥o. W@QQ5¢9@6A34§HC§P@IP¢th@Usn%WOR&Q%@M? 998: U.S. Pat. No.

6, 605,451, Barany et al., PCT Publication No. WO 97/31256; Wnz et al., PCT
Publ i cat i[6A4No. WO 10 3692 S odiDeapntse hmalificatiGe rvomipeisgs a@@ﬁ(a&t)onel:wlemﬂle( 1995)
Ehrlich et al Sci ence 252:1643-5 . Innis et al., PCR Protoc

Gut e to SRR gl auti Radsd o pimpl BUE cFhaBpjehispgs oG

Nat ure Bi@ séeqlu%né&ln 61c6:20A0)irg @G ciBrbRNA Yy Rhesting at 1B4:€6hd QPind
28:97-102 ( 000) | grader, Barany, and Lubin, Devel opnent of a Miltiplex

Li gatiOon dheveleefids nRéafzmpl@tﬁ doRpndepbmarneAysiag a pelyordiasehanst Wtﬂ@ﬁalth%y NMposi um
H Jedl {
or omega. SO Lb BB achEARICAKTLOR MM g, TR LNEEEDY Bk, et on

Manual , Gapeatdd? Qﬂﬁﬁlﬁhcaﬁeﬂ car#&ﬁﬂ@%,theﬁrfoapﬁggﬂﬂ ca2 0O gerfddatednyothdmalty. Nat | .
Acad. Sci. USA 88:188- 93 (1991); Bi and Sanmbrook, Nucl. Acids Res.

25: 2924- 38646]( 1997)Thudl dsMise®herdin, thehei®d am ﬂléiltlBﬁﬁﬁlclL?d%s dtHermbhi 1 (1999);
Dean et al., Proc Natl Acad Sci USA 99: 5261- 66 (2002); Barany and Cel fand,

Gene 109: alnpililcétl@QIIl}?thO%I kethegnal gmplifizgfean uspgq gorREt tezrme%wrgbthW)

Pol st,r.a et B 18- 2 e e Res. 2003
rob. 153 Sye Bl gt defliulbl an il GG ior B8R, Sopl mensSRRIMRATES,
Dem dov, s¥parafxergt, aReyyd®]is D!;e?ﬂgﬁ 1220 Q2 tH¥eval, d2 & foiba - ExampPleekf Bbthatmal J

M crobi ol Met hods.. 2003 May; 3(2)' 165-74, Schweitzer et al., Curr Opin
Bi ot eChnCﬂmphf@@t}_oq:@sludg_zbygerlzrﬁneﬁledl}rgld qhé@lacement amplification (Groathouse, N, et

al. (2006) “Isothermal Amplification and Molecular Typing of the Obligate Intracellular
Pathogen Mycobacterium leprae Isolated from Tissues of Unknown Origins” J. Clin. Micro.

20 44 (4): 1502-1508); helicase-dependent amplification (Vincent, M., et al. (2004) “Helicase-
dependent isothermal DNA amplification” EMBO Rep. 5 (8): 795-800); multiple
displacement amplification (MDA; Luthra, R., and Medeiros, J. (2004) “Isothermal
Multiple Displacement Amplification” J Mol Diagn. 6 (3): 236-242); loop-mediated
isothermal amplification (Notomi, T., et al. (2000) Nucleic Acids Research 28 (1); PAN-AC

25  (David, F. and Turlotte, E., (1998) “An Isothermal Amplification Method” C.R.Acad. Sci
Paris, Life Science 321 (1): 909—14); strand displacement amplification (SDA; Nycz, C., et
al. (1998) Analytical Biochemistry 259 (2): 226-234); rolling circle amplification (RCA;
Lizardi, P, et al., (1998)“Mutation detection and single-molecule counting using isothermal
rolling-circle amplification” Nature Genetics 19: 225 - 232); nucleic acid strand-based

30  amplification (NASBA; Van Der Vliet, G., et al. (1993) “Nucleic acid sequence-based
amplification (NASBA) for the identification of mycobacteria” Journal of General

Microbiology 139 (10): 2423-2429; and recombinase polymerase amplification (U.S. Patent

-11-



No. 5,830,711, U.S. Pat. No. 6,027,889, U.S. Pat. No. 5,686,243, PCT
Publ i cati on No. WDX0056927A3, and PCT Publication No. WO803673A1. [0045] In
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nul tijpl e tﬁn§&iﬁ%@nﬁﬂhe§fmjclé&i8@§, ﬂa‘%@ls,(&% nuetabds@andhe 1iRBAR ﬁ%irfgls’ J .
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Nucl ei c Ac]iP.grﬁ Res ar?h 28 (1); PAN-AC (David, F. and Turlotte, E., (1998)

"An | sot HBPREPSAHS APV U8 on” Met hod” C. R Acad. Sci Paris, Life Science 321

(1): 909- &4 . str anchs:di spl.acenent anplification (SDA;, Nycz, C, et al.
(1998) AP cal BiGdA@H g%lvﬁrsgﬁgtee%n Prodg-15 @&f)d,( hergip ¢ frgerdp gy grobe that
anpl i fi capdfmtiet B%reslehge%fjim an%lific‘?tﬁo@broduc(t,ll% %hléyygﬁtth'e%’knqg'}l &§Ghé RRegnd
si ngl e-nol ecul e counting using isothermal rofling-circle arplification”
Nat urlé Geneltebtde QueR2prese@38Axhe prodi@i ¢ aci d strand-based anplification
(NASBA; Van Der Vliet, G, et al. (1993) "Nucleic acid sequence-based
anmpl i ficq0030] ( NASBA&e tbiot “ditieersad @RCRf probd’ io nseaf hemit ebaciras hay subbyirolsed  of
CGener al
that identifies the presence of an amplification product during qPCR. In certain
embodiments, one or more amplification primers can comprise a nucleotide sequence to
which a detection probe, such as a universal gPCR probe binds. In this manner, one, two, or
20  more probe binding sites can be added to an amplification product during the amplification
step of the methods described herein. Those of skill in the art recognize that the possibility
of introducing multiple probe binding sites during preamplification (if carried out) and
amplification facilitates multiplex detection, wherein two or more different amplification

products can be detected in a given amplification mixture or aliquot thereof.

25  [0051] The term “universal detection probe” is also intended to encompass primers
labeled with a detectable label (e.g., a fluorescent label), as well as non-sequence-specific
probes, such as DNA binding dyes, including double-stranded DNA (dsDNA) dyes, such as
SYBR Green.
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M crobi ol ogy 139 (10): 2423-2429; and reconbi nase pol ynerase anplification
(U.S. PatentNos. 7,485,428; 7,399,590; 7,270,981; and 7,270,951, each of

whi ch i s wocorjgsszmbed by reference in its entirety and gpeaistoiombdoy2for its
description of reconbi nase pol ynerase anplificati on) [0047] The term

" qPCR’ d herein to refer to.qu ive re r chain
reacti ons[t)@) E@W P st RE‘FGW% %KSEI#P - 15 e 3 tBF&O’k Orf']e‘ﬂ]igj‘(ils
pol yer asgold@hiidb R i@ presdnPO881n fnp 1imggﬁbrodh@tfcﬁfr§1§b1m@{d bYscl@nany agent

used in a reaction, other than the analyte (e.g., nucfeic acid being

anal yzed)hybritlizagen oftthe aPCBayebrt to aftargeanuvlrsitide sequena magsint i thapiadnct eact i on
i nclude, but are not limted to, buffer, netal ions, polynerase, reverse
transcri goesy, pri rf‘éf;&lrolmispemed”des gereadibl cha,scmi;eda'n Uhsidtazas &, 520001 ke |i ke.
Reagents far. enzyne re tlon cI ude, .for .exa enz bstrat es,
cof actor sYhIFY {518 OYP?Féiea “Ih Y“i RIS 1Pd‘i5§n“%?%gg&t§d€%ﬁ18 g Of%ﬁ?}]ﬁl‘frhe term

"uni ver sgopigt ?Bhkdl?m@ﬁ&%@s tak® adk2BFPEF Ble Aclke ettt @y fRa¥edRiPRE T hat
identifies the presence of an anpl |fg| cation product, regardless of t he

identity thémdaabteaffaglqiolmﬂhmnlzﬂmeanwélrywecbme@eﬁCH eadtive (FAQMAN® [ 0050]
The term be” | f b
(hat | derfe EE ey PERULR OGS e ARFT £ IR or Be Potir PP T T

certain &ﬁﬁfﬁpﬁlﬂ[{&@ﬁ@em QREO dy¥REN @mllldréscﬁatah@an REJePRI Ay€ aNqueabi| $¢ a
nucl eoti de sequence to which a detection probe such as a universal gPCR

pr obdObi raggeral, ghe fhyageseapirive is emalentlygttached o the 5p|e@<bef e perbsgndithiees can be
added to u%néh@g sldeItligll dt8nh Qg ¢ tf]gh Zj{(rolpefq aﬁﬁ‘ thge le B FLGAL Q0 Shep of the

met hods SCT | érein ose recogni ze that the

possi bi | Iﬂtwr@%eﬂcﬂtdfﬂfﬂﬂatd@garmybﬁs @&clﬁdﬂﬂﬁltﬁjrmem rSﬂdn&lSceCHm@tglygransfer
prearrpllfl cation (if carried oute and anplification facilitates multiplex

det ect i orfFREHer dhépioRe appealigloavngfresia Pfeﬂ@e Aripe Plflin@%&thweﬁflmeél ©hthepe
detect ed ¢ f3.@n QERNi@ TP PERGRLIRA, 'i‘]sﬁfgl{fl@})&? sglzl&'iwé/:;[ﬁrtﬁé}i“a%él&gﬁrg The

term "uni vér sa etection probe” Is a edto conpas I mers
| abelléd vintflifeadet efcthebirgetinableic acel ig direated by onepdmnt thhailsapatreaasoﬁmhél as

non. sequence: SRTCILLS, RLOBER SHED. a5 RN B! RIL0G, YR, LGk Ughd
strand of the target nucleic acid. As the upstream primer is extended, the Taq polymerase
reaches the region where the labeled probe is annealed, recognizes the probe-template
hybrid as a substrate, and hydrolyzes phosphodiester bonds of the probe. The hydrolysis

20  reaction irrevocably releases the quenching effect of the quencher dye on the reporter dye,

thus resulting in increasing detector fluorescence with each successive PCR cycle. In
particular, hydrolysis probes suitable for use in the methods described herein can be capable
of detecting 8-mer or 9-mer motifs that are common in the human and other genomes and/or
transcriptomes and can have a high Ty, of about 70°C enabled by the use of linked nucleic

25 acid (LNA) analogs.

[0054] The term “label,” as used herein, refers to any atom, moiety, or molecule that
can be used to provide a detectable and/or quantifiable signal. In particular, the label can be
attached, directly or indirectly, to a nucleic acid or protein. Suitable labels that can be
attached to probes include, but are not limited to, radioisotopes, fluorophores,

30  chromophores, mass labels, electron dense particles, magnetic particles, spin labels,
molecules that emit chemiluminescence, electrochemically active molecules, enzymes,

cofactors, and enzyme substrates.
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SYBR Green. [0052] The term"target- specific qPCR probe"” is used herein to
refer to a gPCR probe that identifies the presence of an anplification
product owoi2ny/BPBR, based on hybridi zati on of the gPCRPpralseomm2@42 ar get
nucl eoti de sequence present in the product [0053] "Hydrolysis probes” are
whi ch i s incarporated

general | y cribed.in U S Patent 15

herein by Oggﬁer encgr}leﬁelirlﬂ sdyént‘?srlﬁ‘?ﬂl/ g0, g?‘?radlg' ﬁrsp'tol ¥ COFAHy Y r B PEINE
probes. hygeally &lafatioARSectidkfig ﬁéiieafa&aea&l afa JhRI& t}ﬂg{eﬁt@fmn Betdwal ty
present in the thernostable Taq pol ymer ase enzyne typ| cally used in the PCR

reacti on J0DA@MAN(r) probe technol ogy, Applied Biosystens, Foster City CA).
The hydrolysis probe is |abeled with a fluorescent detector dye such as
fl uor esci[@05@nd an BEeaept tjﬁluaiyﬁemrdﬂuemmbﬁiheréin gmemﬂalre;fetshe ahy dee gmcent
dye is coval ent ltl)é attache end, of _the probe and uencher is

g tot 5'
at t acRed SYytaietomagpeicgprdiagan 188%er Vg leRgd Py VPR ech Wts POlt he

fl uor escepng@ia@én B?_@ sélgtest &éctﬂ%?agh&lcgﬂéﬁﬁﬁbﬁ dublyad 4 Mﬁ{pe%ﬁ%@loﬁg S&%Qé‘e@
energy transfer RET). The probé€ anneal s downstream of one of the primers

that def H;B gone e”ﬂle%nﬁ hﬁas{%&h%ﬁthag'ﬁl% ﬁ%e&ag%%% ftlé]uéaedpﬁjﬁle H@Ngor USi NG

t he poly e activity of t enz cation e target
nucl ei ¢ ashnhples Adlicogcdtad (ﬁyntem@omry Hellyrrteh@hemstmp&tdmmd@f:nbdsmﬂmmhﬁs and a
second pr.i mer that ls downst r eam of the robe but. anneals.to the o posite

strand ofi"BREETEIASFE Yni‘ﬁ!i%f”@?tb“ge?élademﬂ%m?l DRHYETT BEHSHST Hapsifian tep t he

Taq pol Y "RudRBea8RGIeRpERAIE EHiaQRmMie Mol f18s L.ahsl agstﬁrﬁgﬁerh& BHAARE |t1§‘é:i
recogni zes the probe-tenplate hybrid as a substrate hydr ol yzes

phosphodip$ireer dh@lmd scadfly thderpo glygonal meotiopdo cpblylst snqodlaty dfdhe backbomrdialing

rel eases .t he ef fect of t he guenche e on the reporter. t hus
Fesul ¢ ndh FPPeIEALPRG it BEgrAaPe sPUET BrObnRid FoBREHtieEabytia Yk
cycl e. | mbpaick of tedbsce Y5y | SadpsREE SefoitintvitinGofcelis iell Nbuk R nFRIuRPES
descri bed herein can be capable of detecting 8-ner or 9-ner notifs that are

conmon i rtheiheriginaeshapmuhen theforgeiforaovethd/ or transcriptones and can have a
hi gh Tm of about 7Q0C enabl ed by the use of |inked nucleic acid (LNA)
anal dgs. [P0R8i4] TheA t'polymodtpibematkedsoni'pelyniveplst nite’ riehdosisaowhith at om

gﬁ;ﬁt Iy]’c i dB]f:gDé %%&ﬁeﬁcpgftaﬁé}actgloggﬁlr&r ﬁﬂ{sh@tl e;rgé/r:kglgéﬁvcggg lggstt v% glleelfr:]sd/egcrh

occurring at frequency of greater than 1%, and more typically greater than 10% or 20% of a
selected population. A polymorphic site may be as small as one base pair. Polymorphic
markers include restriction fragment length polymorphism (RFLPs), variable number of

20  tandem repeats (VNTR’s), hypervariable regions, minisatellites, dinucleotide repeats,
trinucleotide repeats, tetranucleotide repeats, simple sequence repeats, deletions, and
insertion elements such as Alu. The first identified allelic form is arbitrarily designated as
the reference form and other allelic forms are designated as alternative or variant alleles.
The allelic form occurring most frequently in a selected population is sometimes referred to

25  as the wildtype form. Diploid organisms may be homozygous or heterozygous for allelic
forms. A diallelic polymorphism has two forms. A triallelic polymorphism has three

forms.

[0059] A “single nucleotide polymorphism” (SNP) occurs at a polymorphic site

occupied by a single nucleotide, which is the site of variation between allelic sequences.
30  The site is usually preceded and followed by highly conserved sequences of the allele (e.g.,

sequences that vary in less than 1/100 or 1/1000 members of the populations). A SNP
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attached, directly or indirectly, to a nucleic acid or protein. Suitable
| abel s that can be attached to probes include, but are not limted to,

r adi oi sotwpes10/d8s2sor ophor es, chronophores, mass | abel s, PeTaszo10/02@ense
particles, magnetic particles, spi n I abel s, nolecules that emt

chem | um nescence, el ect ochem i.ye. nmol ecul e nme cof actors,
and enzy MsUABLEEFALEstosy %t%‘f“% O[HSPHF © S‘fgefor a%otﬁe;@asfwﬂwﬁorpéwﬁaﬁ
refers tqrABYioR IR &@pl&remeﬁpéfgﬁl@lp%nﬁpb%%tﬁeﬁﬂ@ﬁle PsA Pyrirk d%ﬁ%%@t ic
radi ation at a wavel ength greater than or equal 300 nm’ [0056] "The term

"f | uor esgenimidipe, A ansugeidn hﬁetthe irgplacgerat &l 4 gurmefbgraspytronidmg cdyecetviessia. emi t s

Sbon 1 oragE def al B B¢ b3 e i e R RS ferfiphot SRSIER R LT

a photodipdereRe afleleaser. [0057] The term "el astoner” has the general

meani ng used in the art. Thus, for exanple, Allcock et al. (Contenporary
Pol ymer Gpgeoistry. Rnrcke: ﬂuc@e%&cﬁ& b%%tef?ké%éﬁréﬁ%ra% ihd2cO8 MR RN AASs PRLYARES
existing at a tenperature between their glass transition tenperature and

| i quef actR¥A nuelepedat Thregibdst awtiasyref a docired ewdlet scidxiucleptideis astdiltegwihent i es

uneai 1+ ngGF SLHE BT NE R HE! (6 PESpARE E0g Sy DBt PRe. Bilkbone

chai ns r eg@tiukdlGohfBrASEIHTHhidhes BftbPfousilaP@el A fdrRLoADNANGRIOA. Lbgelior ce. I'n
general el astoners deform when force is applied, but then return to their

ori gi 18al @lﬁkgﬁaa%@ww@ea* eacke ixed avihANA qrovsa bages: ip#ieyrtigopralectivar ker " or
" pol ymor i G eSi, ! suéds The! 18&{%:3 sV n%‘nﬁbl?ﬁh%ﬁﬁdn%@s @%Q‘s't% Giffo YA b&{&ﬁ&l Qeeurs.
[Ilustrative nar have a ast 1 chooccurein requency

of gr eat gire- bl’galﬂlzi&’on ankeis @ighﬁflchij(tﬂ)y ﬁﬁfdayesgheﬁlbﬁﬁalts%ﬂltit Q%l@lhg %@ﬁtuﬁ,) of
sel ected popul ation. A polynorphic site may be as small as one base pair.

Pol yror pHiligopeleasides. $rer Eﬁe I@é&tﬂ’l%rloffbﬁ* fW%@ﬁth Magth gt B9 ymor phi sm
(RFLPs), %@f&éﬁﬁfgw@%ﬁnﬁw d@ﬁgﬁaﬁfﬁec(s\f%me.IﬁaoerQ&{ Yer bkl e
regions, ninisatellites I nucl eot’i de repeats, trinucleotide repeats,

tetr elﬁucIl‘émﬂelde\crcblﬁedemdesnmplDéJA:mlpkaxee” Bapbdamsirydel (28): 3847-5and i nsertion
el ements such as Alu. The first identified allelic formis arbitrarily
designated as the reference formand other allelic forns are designated as
al t er nat iMethods vBAnahizirg Wedleig Acids from Small Populations or Single Cells

Samples/Cells Suitable for Analysis

[0061] Samples containing nucleic acids or single cells can be obtained from
biological sources and prepared using conventional methods known in the art. In particular,
20  DNA or RNA useful in the methods described herein can be extracted and/or amplified
from any source, including bacteria, protozoa, fungi, viruses, organelles, as well higher
organisms such as plants or animals, e.g2., mammals, and particularly humans. Suitable
nucleic acids can also be obtained from an environmental source (e.g., pond water), from
man-made products (e.g., food), from forensic samples, and the like. Nucleic acids can be
25  extracted or amplified from cells, bodily fluids (e.g., blood, a blood fraction, urine, etc.), or
tissue samples by any of a variety of standard techniques. Cells may either be cultured or
from primary isolates such as clinical samples. Illustrative samples include samples of
plasma, serum, spinal fluid, lymph fluid, peritoneal fluid, pleural fluid, oral fluid, and
external sections of the skin; samples from the respiratory, intestinal, genital, and urinary

30 tracts; samples of tears, saliva, blood cells, stem cells, or tumors. For example, samples of
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The allelic formoccurring nost frequently in a selected population is
sonetines referred to as the wildtype form Diploid organisns may be
honmozygowsoaniomsszmnozygous for allelic forns. A diall el PCcTaskgmwmeht sm has
two fornms. Atriallelic polynorphismhas three forns. [0059] A "single

R s S S A e L Y e e
sequencesye]Ihhg ik Ratednd WAl KaRipRERAS He 8HinkaHoane et Bl gRlatiseRAnser ved
sequences of the allele (e.g., sequences that vary in |ess than 1/100 or

1/ 1000 nenersviod culferepoplistittierrainples caNmedud| singleagdlls eparafiia-andbeddébt i t ut i on

of one nycl eotide for, an er at e, pol rphic site. transition.is the
Fepl acemdht ot S RAaey ot NUER S n B G e s dis e sy Rt her
pyri msdi n@an alotbe ABEVET Fb@onk Sr hldee figdiaasteibiarh, idclpgink RONY, s, YAdi ne
or vice versa. SNPs can also arise froma deletion of a nucleotide or an

i nserti orBAE, BL.ANT Ebarige apéthgtlikge to a reference allele. [0060] A "locked
nucleic acid,” often referred to as inaccessible RNA, is a nodified RNA
nucl eot i d8062The ri Hoswlesohat sefloft mrtiatdsthtasueckeicel politeratiaol, edt i de i s

nodi fied with an. extra bridge connecting the.2' and 4' carbons. The bridge
TP ocke: P PrERl Feiil. SR e i A i S PRt B8 SRARAH | s of t op
found in deh€obmber m of DNA or RNA. Locked nucleic acid nucl eotides can be
m xed with or RNA bases in the oligonucl eoti de whenever desired. The

| ocka@ rijpeen conf qnmaticAnir eMBAMGRLAR Sn& Ak e0GiRA ReRALERAR ed out on a
pre-organi zation. This significantly increases the thermal stability

(el ti ng sirgipeslbfrome) prefnpddntymmecitepe.iadesn cSée, suepagted ciaeer cell;a oatldram aA;
Wengel, J ;. Maiti, S (2006). " rmodynani ¢, . Count eri,on, an dration
Effects fRSIGeRYC PF&?B}SEJBFB@?"BFHC%F ‘%8’8&%3‘0%%%@8 SAEFd R aEBﬂ?’E%%’H}aHt o DNA
Dupl exes,blaseb&B @b s fodh fhoeifdell s;?a%é%m@%éo MNahlpdan OF aMI§2aazb AeteNHRleel C
Acids from Snmal|l Popul ati ons or Single | 1s Sanpl es/ Cells Suitable for

Anal ysi s VYiowe1 thezampmesndudasaingiongonugdnetie defettds or single cells can be
obt ai ned from bi ol ogi cal sources and prepared using conventional methods
knowd5i n [00@t]lart . |INMugbeic a¢idubbinterédtarobe RNAted sieinglméthodsheelhigtdvodis thestr i bed
herein Cav[/]itlpﬁle%ﬁgircg 8% & (sjpe%l 1c/ anr:thg'(ri’rﬁg:};efnidﬁlg on the source, the nature of nucleic acid,

and similar factors. The sample nucleic acids need not be in pure form, but are typically

sufficiently pure to allow the amplification steps of the methods described herein to be

performed. Where the target nucleic acids are mRNA, the RNA can be reversed transcribed

20  into cDNA by standard methods known in the art and as described in Sambrook, J., Fritsch,
E.F., and Maniatis, T., Molecular Cloning: A Laboratory Manual. Cold Spring Harbor
Laboratory Press, NY, Vol. 1, 2, 3 (1989), for example. The cDNA can then be analyzed

according to the methods described herein.

[0065] In certain embodiments, a single cell can be added directly to a suitable
25  WGA reaction mixture and WGA carried out. In other embodiments, the RNA of a single
cell can be converted to DNA (e.g., cDNA) or the RNA directly amplified.

Target Nucleic Acids

[0066] Any target nucleic acid that can be amplified can be detected using the
methods described herein. In some embodiments, at least some nucleotide sequence will be

30  known for the target nucleic acids. For example, if PCR is used for
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from any source, including bacteria, protozoa, fungi, viruses, organelles,
as well higher organisns such as plants or animals, e.g., mammls, and
parti cul awbyotwnssase. Suitabl e nucl eic acids can al so bePobtis2ned2dsnom an
envi ronnment al source (e. g , pond water), fron1nan made products (e.qg.,
food), fromfarensic safp nd the |jKke, %GIC aci ds can be extracted
or anpl i fR'&Y"H ’rflfﬁ?“&‘gﬁling mO? ta\f%?}lnagletcéctjls SWTiGEY, SeauePFe Bhomation iy,
urine, ettgpl);mbpzivanhﬁ@lﬂ@r QBIBAEST DYivaark nacwl%rabﬁttx eﬁnlsaé’srﬂgmfdsuwﬁbm ques.
Cells may eitHer be cultured or fron1pr|nary i sol ates such as clinica
sanpl es amphﬁs*tamm prmers aatthioagh. itheske vl ekid anmpieast fqiprfmlas that tasgt mm;letgppmlal
fluid, ui d erlto pl eur al an

ext er hal "BBET N op BTG BF Ame Lt e Py bod o aSgsrPhaftpymths o a 3PPkl
geni tal, o%ﬁﬂ)lﬁhrtérihlgyln{efﬁ@ﬁcﬁhas&@rm&neﬁe)@ﬁleirﬁaé 8an BRINA &g bh@Rdole®-4B). st em
cells, or tunors or exanple, sanples offetal DNA can be o talned from an

embryo (q0067] fromBReaQkts@ah ﬁWhﬁﬁbon %Qz&rﬁpl@rmfcfé@ém@@is's&)mt@cﬁ wf1t'I10m mat er nal
bl ood. Sanpl €s can be obtained fromlive or dead organisms or fromin vitro

cul tures. pathdgem, sathi asefnslafmpbmerwaprqtmlauafefusgln@l\le\scegI shosp&arafliicmeowrbedded
ti ssue sanpl g and .nee 8 Hyiﬂg ﬁglelc aci ds us%fultln t he met hods
descri bed H8Fgr %Péea?ﬁloallss’c? 580G ER5F FERT SRE U5 REF &I AT 8Ei d

l'i brari esjevilbpibftaNgeefNAnart@s Br thosd Mat aBAkduded by B&t@chlabﬁtﬁhhl@sgen@ﬂﬁd: the

| i ke. [0062] ggles may reflect particular states,

prol ilPer &PNJnWhicd|can i ﬁn@y@dtfpmneéﬁlc podyrorgbisms (sughge §g@s> @H@i@% 9fe to
t I / t 3 I
stimili, ht%gfé)tﬁ%s Se né?]% d%:rslgtagingr ﬁ)fj%ﬁﬁ u?ar ugtgregt a%) ngtﬂm’n Wgs Jhaé zﬂre Qﬁérte cutar

enbodlnen ereinTcan earrlad out on a S hglhe cel

froma preignahaiitiad, dret@iTang/or matasdde i g@letic dRess pesthechatitocges; @aidencea cel |
from a pat hogeni c organlsnl and/or a cell obtained froma crinme scene. For
exanpl e, tBAtRimexeHrEd tothedesirgtde gt undepisphlataits grt/ocearensen et WHAYSIY or

| ater) c H]Rﬁ gﬁﬁ#%%gafkﬁﬁd Eﬁ&kﬂ:5gﬁﬁkﬂﬁﬂﬁﬁﬁﬁn&ﬁﬂﬁgﬁ i ncludes one or nore

genetic cleic aci I'nterest can be |solated usi ng

h Kk h
mat q§| n\gﬁbQJiS] NOWN 4,1y, 1cu 81Inr’(])g mtentst {:ﬂ% nu%le? CE'dSSlBgICI <P rrﬁnar I}?ac ‘ors.

depen t he sou ce, ure o elc acl d,

The sanplsachuciiggle naab@tsdewﬁn@@hlsbs (N Pp)u ne tfioeave, theam@lificdtiopi prmhdry
sufficiently pure to allow the anplification steps of the nethods descri bed
her ei n t gapde SNP-specific, meaning that at least one primer hybridizes to a SNP, such that an

amplicon is produced only if the SNP is present in the sample nucleic acids.

[0069] In certain embodiments, it may be desirable to amplify a collection of target

20  nucleic acids, e.g., a collection of SNPs, mRNAs, non-coding RNAs (e.g., miRNAs) for the
purpose of characterizing particular states, e.g., cell proliferation, cell differentiation, cell
death, disease, exposure to stimuli, and/or stages, €.g., stages of development. For example,
a collection of target nucleic acids, such as miRNAs can be amplified and analyzed for

correlations with particular patterns of gene expression.

25 Primer Design
[0070] Primers suitable for nucleic acid amplification are sufficiently long to prime
the synthesis of extension products in the presence of the agent for polymerization. The
exact length and composition of the primer will depend on many factors, including, for
example, temperature of the annealing reaction, source and composition of the primer, and

30  where a probe is employed, proximity of the probe annealing site to the primer annealing
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performed. Were the target nucleic acids are nRNA, the RNA can be reversed
transcribed into cDNA by standard nethods known in the art and as descri bed
i n Sanbr oeR,20/083%pi t sch, E.F., and Maniatis, T., Ml eceCarusgionpovgz A
Laboratory Manual . Cold Spring Harbor Laboratory Press, NY, Vol. 1, 2, 3
(1989), for exa can then he anal yzed accordi to the t hods
descri bed!fidre F%I‘Ti}% C[%G’é‘@f?f PF?%NQQP‘E%“F}“ ?fieﬁ"éﬁ"&’ie S%Pe& Hgod tﬁ‘g?‘?m@%%gte added
directly Q¢ ?%e‘i Hhélé@a&dvé@@uén%@%' &fgomdw{d% pﬁ%r%?ca%rcah@ﬁ]sthe rhﬁg&tfher
enbodi nent s, a single cell can be converted to DNA (e cDNA)
or the RNhou }Set@talbyuta&ﬁﬂudqoedes mahcglgh itNogy ecpntalAa:mst o{ &&%pudﬂqﬂdear @b@t
nucleic acid t kfﬁ ch |f| can be etec fntg rt

descri bed W&7&M Y o 3 %od]il MERAYAP SPIEELYe %%I?Pga a ]il%{){eiSEFé: 1§eéquence
will e k@i zfnﬂrfoﬁﬂ@tabl@r(ﬂﬁlex&lcﬂ’lﬁh&s 261 fiSo b&ERMuEsaHR Bgs (whifiGiRe ingt used
forpreanplification/anplification of target nucleic acids, sufficient

sequence TeaessRRtiRtERAddSO binsi te 4arEgt ragleiq agidse ef2orin amantia menpbificatioq (edh asar get
| h,
ruc o ac) ARl EUSAL AL BRLR P STAN, ML FRge gL

sequence aaplifheneanipet fuckdc é@dgfmtusstng a pool of degenerate priners or a
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di Seas? Wﬁ%etﬂ.alkl {iBeole)igﬁ ?%%e%é WWW 0§1a te(RJ/IEOQi%yII%%BD Qﬁeailke)s ¢ifi ¢
or T uce

manner ; ose are’in | cu enom ¢ y whi ch

can be anatasziad tﬁfDRoéHéEIEIPL ivebgiel Wﬂiarapﬁih%ﬁfs sdqaibiides afe 1ﬁjNRshtp thd Pﬁin@ﬁ& or
hapl ot ypes, e.qg., otyping. O particular interest_are genom
that are PAPgramawith t%le arn%F |S¢qugaceSdléP@€%ﬁs (frisThahibabaeprs R{Og@ﬁwﬂk

di seases associ ated with desirable
or undes|({r&]§ﬁy}ﬁe§0€%amepglﬂ§§f g}%%éé%gfeég%{%&% m“gﬁm y identify an

I ndi Vl' dujbO';Z?]rbo dl, nen nflec%lé nSI be é)?%)e?e%t L}/(r:a[r}lé/lts}ﬂltg:ﬁg erﬂo%afnc %%1}&0if({roegign81 leI n

particul c acrds inc 1'Sns,
such as Sdmghgamu@bte@tmdef @pkmtdod@qﬁm:e{ &NRgekt cHeitdlisgntBaseby hldehods

anpl i fi Casgll:}(ljgst E:Ip}rlrgsrphotrlester method of Narang ef al. (1979) Meth. Enzymol. 68: 90-99; the
phosphodiester method of Brown et al. (1979) Meth. Enzymol. 68: 109-151; the

diethylphosphoramidite method of Beaucage et al. (1981) Tetra. Lett., 22: 1859-1862; the

20  solid support method of U.S. Patent No. 4,458,066 and the like, or can be provided from a

commercial source. Alternatively, RNA primers can be derived by cleavage of double-

stranded RNA with RNAase I1I.

[0073] Primers may be purified by using a Sephadex column (Amersham
Biosciences, Inc., Piscataway, NJ) or other methods known to those skilled in the art.

25  Primer purification may improve the sensitivity of the methods of described herein.

Analysis of Genomic DNA - Whole Genome Amplification

[0074] To analyze genomic DNA, the sample nucleic acids can be amplified using a

whole genome amplification (WGA) procedure. Suitable WGA procedures include:
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i ere S0t SRy R S 40, Bodel S0P REIATRRIPAlo! Nt ended
to bind tot nuclerc ac an initial rcation (such as
a pr earrplprf)dh(z:atftagﬂl)entsﬁp&oS@Ikb|had|bbe’h ddieritdt knows how to sel ect appropriate
priner pairs to anplify the target nucleic acid of interest. [0071] For
exanmpl e, PCR pri mersgaah-Redides pared MP) USMPLis8dnhdoaitTedseodthamiemai | abl e
sof tware or open source software, such as Prinmer3 {see, e.g., Rozen and
Skal et skyclqayagrotp fMenent WsIzen@nis] DN&BSEFHPWQ%CY s and primers for its

VAW qr oad, mhtflcgéj ur{ rﬁ?gx/%/ }195§%esc%%gdghfmdec g)anccl) [ r%gl% %ﬁ%&'/ars]gat iy adaRt%ﬁl? uPL
websi aFHp T con Sequences are I npu Bt ner prog amwith the

UPL pr 0b€th6 m@mﬁeﬁlan Quﬂfta@k ef gDNa zﬁmlsdﬁigee t;ehat Hdbﬁ:oﬁ@dﬂiﬁﬁﬁcsﬂfoﬁgﬁaﬁiamwsl

design priners on either side of the bracketed probe seque
different kits (Omniplex) that allow for the amplification of RNA, DNA and methylated

DNA sequences. Advantages include that the method is able to amplify degraded DNA and
that all steps are performed in the same tube. A limitation is that it generates fragments

20  only up to 2 kb.

T7-based linear amplification of DNA (TLAD) - TLAD is a variant on the

protocol originally designed by to amplify mRNA, that has been adapted for WGA. It uses
Alu I restriction endonuclease digestion and a terminal transferase to add a polyT tail on the
3’ terminus. A primer is then used with a 5’ T7 promoter and a 3’ polyA tract, and Taq

25  polymerase is used to synthesise the second strand. Then the sample is submitted to in vitro
transcription reaction and posterior reverse transcription. A major advantage is that TLAD

does not introduce sequence and length-dependent biases.

Multiple displacement amplification (MDA) - MDA is a non-PCR-based

isothermal method based on the annealing of random hexamers to denatured DNA, followed
30 by strand-displacement synthesis at constant temperature. It has been applied to small

genomic DNA samples, leading to the synthesis of high molecular weight DNA with

-19-



[0072] Primers may be prepared by any suitable nethod, including, for
exanpl e, cloning and restriction of appropriate sequences or direct

chem cal wonotvesszsoby met hods such as the phosphotri est ecTrstéog2@f2 Nar ang
et al. (1979) Meth. EnzynDI 68: 90-99; the phosphodiester met hod of Brown
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t he sansidiipladedhedf ackinRy BRd b pelofRhdife s&ivilads e LinrerrofRaby Bistimés I6@epm ¢ DNA
- Whol e Genone Anplification [0074] To analyze genonic DNA, the sanple

nucl ei ¢ dtiudedan PBymaigsei fi ed using a whol e genome anplification (\WGA)

procedure. Suitable WGA procedures include: Prinmer extension PCR (PEP) and
I npr oved [PER]( | - PERits foPBFGAyapd aalilahle womencTagll pbhbyregadBagendintScdewia, andom

pol yrror aset BT Semralieh S IRt PeRg I Pe b Bt otk
Degener atwdoRlGehorie A aplificheioR 1Kif TP W@?\A( BORXRGRIhe WAGR-sRGR fithe methods

wel | est abl i shed, wi dely accept ed, and techni cal lbi/q strai ghtforward nethod.
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(CGACTCG%%\Il[\I '}'@} Sql;l%ct ID NO 1) that bind at a | ow anneal i ng
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;'nLZ;l f%éb @ggsaz lP:??‘rvt\%g alg 81?3% E’Srwﬁﬁe‘& 1?2%\}0‘6&1 16 Wﬁg ¥ragments

that wer etdped8efotda fdaetidr 5;515@%15 {SQQachmﬁg&lge 'V%Atlgfﬁerférkﬂéﬁ fBERore thagment s
that are in average 400- p, a maxi nrum si ze of 3 kb, although a

DOP- PCR riwphowlifisationgyslesb IIIeCthﬁHpﬂélefh@eﬁﬁS a\)’ﬁc‘e‘hu%pamrmed fiqy frwerhen dwah
descrleedJIO Iﬂﬂ’}ca{) lon cxcglsaé dbetwee and e gll\l/Fc m@ﬂgggugf eae%gr QVGES m cal

cl eavage ragine nomi c o1 IKEY'S and pri mers its
be performed for 3, 4,5, 6,7, 8,0r9 cycles or for a number of cycles falling within a range

defined by any of these values.

Analysis of RNA

[0077] In certain embodiments, RNA from single cell or a small population of cells
20  can be analyzed for one or more RNA targets. Suitable RNA targets include mRNA, as
well as non-coding RNA, such as small nucleolar RNA (snoRNA), microRNA (miRNA),
small interfering RNA (siRNA), and Piwi-interacting RNAs (piRNA). In particular
embodiments, the RNA of interest is converted to DNA, e.g., by reverse transcription or

amplification.

25  [0078] For example, to analyze mRNA of a single cell or a small population of cells,
the mRNA is generally converted to a DNA representation of the mRNA population. In
certain embodiments, the method(s) employed preferably yield(s) a population of cDNAs,
wherein the relative amounts of each cDNA is approximately the same as the relative

amounts of the corresponding mRNAs in the sample population.
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advant ageVithstheuse offipapifigpeinanp oligerdd o aiieades guisisse Eheynthasge B-<d8htndent
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hi gh ol SBGFemmRIBREYIPRh THReretPOB G USRRE: Pehusane Ve o BRaefiens  DNA
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primng events occur, formng a networ yper - branc DNA structures.
The r eacttuoparcaso tdlizeaielerstechdby DiNYe teaipl 26s. DAcopdihglyeseaserd strandyeiNve | ar ge

fragment of the Bst DNA pol ynerase. The Phi 29 DNA | ner ase possesses a
strand diSYPIRSEERENhEe SLrs ?‘{W‘S’élﬁ&e‘éFriS’rtBaé‘P?ré%ﬁeﬁ&déE’?W P%Vn?rééﬁgt PAY-*n error

rates 10Qq4ddieprilneWetich N8Bcdngurdasls R XTRAA AR bk @Rl ol ﬁs?n%:%r cof@nar e
avail able commercially from e.g., ‘Qagen, Inc. (Valencia, USA) ,

Si gma- Al drolyhereRulbiThe RN rambe semaved at theisgima tiGertberefoas (PN ASitragidas Cel |
Whol e .Geno Ampl i fi.catiqn Ki.t N -50RXN) ., The step . of met hods
descipodSRErare aERu gl ik dlie Beitn g aiRDb e EmR g Bha R
accor di ngutiPad PeolBRINARA, Uh&ldegrat&kSthe RN A OAS noted above, Rubicon Genomics sells
kits (Omniplex) that allow for the amplification of RNA.

[0080] In other embodiments, an amplification method is employed to produce
cDNA from the mRNA template. In such embodiments, an amplification method that

20  produces a population of cDNA that is representative of the mRNA population is typically
employed.

[0081] The analysis of non-coding RNA from a single cell or a small population of
cells also typically begins with the conversion of the RNA of interest to DNA. This
conversion can be carried out by reverse transcription or amplification. In certain

25 embodiments, the method(s) employed preferably yield(s) a population of DNAs, wherein
the relative amounts of each DNA is approximately the same as the relative amounts of the
corresponding mRNAs in the sample population. The target RNAs can be selectively
reverse-transcribed or amplified using primers that anneal preferentially to the RNAs of
interest. Suitable primers are commercially available or can be designed by those of skill in

30 theart. For example, Applied Biosystems sells MegaPlex™ Pools of primers for
microRNA (miRNA) targets. These primers can be used for both reverse transcription (RT)

and specific target amplification (STA). See, e.g., Example 2B.
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(e.q. |8é1 nmyel obl astoma virus), adds deoxyri bonucl eotides to the 3
termi nus 8983 pri mehn exgamplyy reastiph mutusuier picamplifigaion cpgigys)an aReiRRriake
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available kit. Reverse transcri ptase preferentially utilizes RNA as a
t enpl at e,embodiment, the TRIS buffer concentration is 20 mM in the reaction mix double strength

(2X) form. The reaction mix can have a pH range of from about 7.5 to about 9.0, with a pH
range of about 8.0 to about 8.5 as typical. Concentration of nucleotides can be in the range
of about 25 mM to about 1000 mM, typically in the range of about 100 mM to about

20 800 mM. Examples of dNTP concentrations are 100, 200, 300, 400, 500, 600, 700, and
800 mM. Detergents such as Tween 20, Triton X 100, and Nonidet P40 may also be
included in the reaction mixture. Stabilizing agents such as dithiothreitol (DTT, Cleland's

reagent) or mercaptoethanol may also be included.

[0084] In particular embodiments, the preamplification primers are the same
25  sequence as those to be used in the amplification assays for which the sample is being
prepared although generally in reduced concentration. The primer concentration can, e.g,
be about 10 to about 250 times less than the primer concentrations used in the amplification
assay. Embodiments include the use of primers that are about 10, 20, 35, 50, 65, 75, 100,
125, 150, 175, and 200 times less than that of the primer concentration in the amplification
30  assay. Primers used in the preamplification can include random primers, poly A tails,

and/or specific primers designed to amplify the target nucleic acids of interest. The reaction
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Amplification
[0087] The amplicons produced upon preamplification are conveniently analyzed by
an amplification method, such as PCR. In particular embodiments, a preamplified sample
from a single cell or small cell population may be used for many separate PCR reactions
20  performed in a low-volume PCR reaction apparatus. In certain embodiments,
preamplification is carried out using one or more primer pairs specific for the one or more
target nucleic acids of interest. Thus, a low-volume PCR reaction apparatus can include
separate reaction chambers for amplifying with each primer pair, such that the production of
an amplicon in a particular reaction chamber indicates that the corresponding target nucleic

25  acid was present in the sample.

[0088] The reaction chambers for running low-volume PCR may be from about 2
nL to about 500 nL.. The lower the reaction chamber volume, the greater the number of
individual assays that may be run (either using different probe and primer sets or as
replicates of the same probe and primer sets or any permutation of numbers of replicates

30  and numbers of different assays). In one embodiment, the reaction chamber is from about 2
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typically carried out using preanplification priners, a suitable buffer

system nucl eoti des, and DNA pol ynerase enzyne (e.g., a polynerase enzyne
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Noni det Rébhgthy BadMakbé sysah ddeigm Colygoratéac Sbath Samfrarfeisco STAPI Thezi ng

agents such as dithiothreito]. TT, Celand' s.reagent) or nercaptoethanol
may al soli?&e'vlaaﬁlém&éravsqs 60 dlfflignt%s]é%l?’faélﬁlf‘&fm i %,at Rrgides for running

pr ea_rﬂg! i f&ﬁﬁ}aie%sa% ioﬁ%hﬁtiﬁlé %a&lﬁ’l%s.sﬁéﬁexﬁf%@}é%% X &Hﬁ%%hiﬁa@%hé-’éa%gbﬂify t he
anplification assays for which the sanple is being prepared although

gener al | yofirmmegi3Z ediadued essayacn dhindthdugdsamples.cAr@erd§ mpirorcheahgs the g, be
about 10 to out. 250 ti .l.ess than the. pri.ner concentrations used.in the
o ¢ 1 o PG s b TR AR bl iR SRR B! SRt i out
10, 20, 3hs tRGapfility/ot.rudifiRg 94 aRlivid@f asshySon 86 ¢hd2@Budlisamplel €FBe VORMQGt hat  of
the prinmer concentration in the anplification assay. Priners used in the

pr eanpl i fiatakichip is descrihed indsseaterdes iprdorpendingdd SyPavisginaEApag.or specific

pri Mgl5S %el%ﬁnéﬁq %vﬁlcﬁqp ir];:B/y fn@ rgtoﬁarteqiel;y n%le%:necie(fle%%il Pq‘?f it%fdeisc'illI Bhf St theThe
reactronm X can optionally-contarn a reference dye for nor 1 Z1 ng

subsequendesigaflabhetrioh] draitise of BHeRocangd yiEps results. An exanpl e of a common
commercially available reference dye is ROX. A conmercially avail abl e

reaction [gpgijcont aifRieREmRP Sodidets]! 3 @D iBEHviRAI PCR assays, particularly from

about 5 to 48 assays, more particularly from about § to about 48 assays, and even more
particularly from about 10 to about 48 assays are carried out to detect amplicons of interest.

20  In other embodiments, greater than 10, greater than 12, greater than 15, greater than 17,
greater than 20, greater than 23, greater than 25, greater than 28, greater than 30, greater
than 33, greater than 35, greater than 37, greater than 40, greater than 45 greater than 48,
greater than 50, greater than 53, greater than 55, greater than 58, greater than 60, greater
than 63, greater than 65, greater than 68, greater than 70, greater than 73, greater than 75,

25  greater than 78, greater than 80, greater than 83 greater than 85, greater than 88, greater than
90, greater than 93, or greater than 96 PCR assays are performed from the sample prepared
from a single cell. In certain embodiments, particularly in quantitative PCR experiments,
the primers in the preamplification mix should be limited, and the number of amplification
cycles should be limited, so as to provide for equal amplification of all target nucleic acids

30 of interest.
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Reaction Mx, Cat. Nos. 11754-100 and 11754-500, available fromlnvitrogen
Corporation. [0085] A Taqg pol ynerase enzyne is also added to the reaction

m x. Pl atwounm(wos3zBag DNA is a reconbi nant Taq DNA pol ymecags2aionpivexed with
an antibody that inhibits polynerase activity at anbient tenperatures. Full

pol ymer a tivity.is restored after the denaturation step in PCR
provi di néﬁg&ﬁhot st F‘.‘“‘W%’fﬁ’éﬁﬁlmﬁ? EATHINS: ERBY HEHESS ge&F@Q%ﬁPWﬂ“&é}ti on

i's carriefpRiptiafeWurRt, d SaRE otfmgﬁa/s%rﬁ%nsl(m%feyiﬁ A a8 EPAIEBRN & about
preanplification is carried out for fewer than about 20 cycles, e.g.,

bet ween 80anhl, £&..0y tiegsngd eicibasi 2/ . abeioig wdM, nugteetidgsl, piid epttonely.clatergrats,
performed f.0 4, 5 6 9, . 11, 1 14, 15, 16, .17,.18, 19,
Do on. - 3ad Yptizgih 5 cxdmefiof el g sy TS Byirfict ae e i n o

r ange sdefdbagds R @aboat 85 itdewiiah Uescentritichofenanipl @3y wrbsefer®al In one
preanplification is carried out for about 14 cycles in order to increase

t he anpl icsdwdimentyibe d&debuker pcetiition 16200 inghe reanfien mix denbleoprgngds7] The
anplicon C . pre VW ficati r eni ent I an
Aol 1 carrories Fhsd BRI b bt R (RN B KR Y o S
preanpl i fraggt abphted.d toaboat 85ng lwice! Contensfibi oftrdicleofidgdaatbedn theayindge used
for many separate PCR reactions perforned in a | gwvol une PCR reaction

appar at uf 2 ﬂ“t_(?érr{l% tﬁ_@WH&MSt,YP}flaE&HﬂhFF?I@étqf@hO‘itsl09é‘i‘Mitééb%t usi ng
one qp MyH U, lrj%{an‘g)?f%sr@ dﬁﬁf?ﬁdoﬁlb&mfa%nst é}g_l@@,%é[ 3612 4B0,L /09680, '7?6,31‘?1

jyc acids
of interest. ow-vol ume PCR reaction apparatus can I nclude separate
react i on 800anfde ri3etérgentasgadhi 4 yliwagn R0t Frieach 100,iang Nopalet P4AG oak atshde t he

productian of an licon jn a particular reaction.chanber indicates that
Phe. cor r aBBtRat AT Brl THIGHE: SCRUIRen(s BObt TIP L REo LAl € 19 5088] ~ The
reaction r@f%ﬂg%"r%lefr@arptcfeﬁfhﬂbﬁﬁa}QMbBQiﬂém%ieﬁ’.Cﬁl ARNtAE nfdRrAaRauhay2 NL to
about 500 nL. The |l ower the reaction chanber volune, the greatér the nunber

of i ndi viaptighallyseayesn dHAP avesellse uraghl PN At dheqos plgsengratilf N ¢l yoosylpreo BN GInd
ar ,as r

prinmer. s licat f.the sane probe.and prinmer sets or . an
per micar 1dNCor UrERs obfe P3gft kb G Ronelr S peIFrofetattagl 1,
one enbodixpRRted ih e chigaTtdcaDIC ALKyl (UTND) @RRWEs whti]l tQidboitbmIONAL,
preferably 2 nL to about 25 nL, nore preferabl )}/1 fromabout 4 nL to
(single- and double-stranded) without initial destroying the DNA sugar-phosphodiester
backbone, thus preventing its use as a hybridization target or as a template for DNA
polymerases. The phosphodiester bonds flanking the resulting abasic sites become
20  susceptible to hydrolytic cleavage at elevated temperatures. Thus, removal of uracil bases is
usually accompanied by fragmentation of the DNA. Duncan, B. K., and Chambers, J. A.
(1984) GENE 28, 211, Varshney, U., Hutcheon, T., and van de Sande, J. H. (1988) J. Biol.
Chem. 263,7776. A master mix is commercially available from Applied Biosystems,

Foster City, CA, (TagMan® Universal Master Mix, cat. nos. 4304437, 4318157, and
25  4326708).

[0093] PCR Master Mixes can also contain structure-destabilizing base analogs,
such as 7-deazaguanine to prevent Hoogsteen bond formation. A consequence of this is the
possibility to carry out structure-independent amplification. See, e.g., USPN 5,091,310,
issued February 25, 2992 to Innis et al.

30  [0094] In a specific aspect, a pre-sample mix may be prepared which may include

TagMan Universal Master Mix, AmpliTaq-Gold® (about 5 units/ul), 20x GT buffer, and
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about 15 nL. In sonme enbodi nents, the reaction chanber volune is 5 nL, 6,
nL, 7 nL, 8 n.L, 9 nL, 10 nL, 11 nL, or 12 nL. [0089] The reaction chanbers
may be cowmetznuasezsoof an non-reactive material, such asPgirassoiopb@sti c,
silicon, elastoneric polyners such as pol ydi net hyl si | oxane, pol yuret hane,

or ot her yners. [0090]. In rticul af epbodi nents, .the products of

preanpl i f}?@it 'PIEEWYS?S mal%a%waap @%?%blwaWBﬂﬁwﬁqlwl%&né%mn&i di gm
COrporatQ%BKm§g§&9H§§§ Franci sco, CA). The Bi oMark system uses a

pol ydi met hyl si | oxane mi crofluidic device that provides for running nultiple

assays o tiple e I i g
capabiligg&%? runnﬂﬂgﬁggﬁgﬁbﬁﬁ%%ﬁéﬁggggg;z(%ﬁbé%éﬁ% i&%ﬁugpgggﬁgﬁgé%ﬁg 48 x
48 mat r i ofaboy (hM tolebooepd M, BS A iof ranganf agpud 8 mgiohl wi hoat 4 aggal, 2l yaerel 8

i ndi vidual sanples, A X .96 patr| i p.has the capabi]ity of _rupping 96
i ndi vPdudP 24845y 2BAIEC op g%ai’ﬁéa?ﬁﬁ@sm “Fstes Shogg b fhet s BEGS
descri bedyiMEBHERE _%ngg%tf abbut! 05 GAoREHE 598, NaVE 5080 @Y h $r@B 3k 14PoufNS- about

61/ 044, 417, which is hereby incorporated by reference herein for its

descri pt i Sifpetbheckdeimi RN inf atangeaf dbonf 1 @rid abew 1610, Shperb®ck®IB20chiapange0091]
In exenplary e i men 5 10.96 ipdividual assays, r,tjcularly from
about 518 Hedse i Pouk ey Y em By o EPa S el vt 2 Sesay s,

and even gBdific Retd, Bél BI &Y buffenaPestitaihGbb@ P Mibetfie A5:EM5 RS L, 4301 | €d out
to detect anplicons of interest. In other enbodi nents, greater than 10,

gr eatl®r thah glycerqdrabauel %tHidn2.800.gbevt ¥ PEREMMES S0y plaat 5% WEWE2000.gr eat er
th 23, { . t t th
L T Y e Tt

great er tlhamd8 sp@itatmbodient, B2, 1xgGEdutfer lhbaBohdin ago@dl£M bdigine Sbmgaileat er
than 58, greater than 60, greater than 63, greater an 65, greater than

: h \
68, greatler 1avant 70 glyeedt ut%r?%?o’e%&i’@ﬂt Wﬁgﬁ(}t?MM%ﬁ@aﬁ@ut?ﬁgﬁ 78,
great er tigf}:5po, eﬂfoﬁt”‘i(gjé Sh@éﬂlo%ﬁ@% PRise g%&ggﬁ%%peﬂﬂfzé,%ﬁ a?@ut 195 eat er

than 90, greater than r greater th assays are perfornmed from
t he danpl'Bvg@néfared froma single cell. In certain enbodi nents,
particularly in quantitative PCR experinents, the prinmers in the

preanpl i fl06%4]i on My agtel Hpbe of thd ih eshtioAN20:hE@Trhufeema@be praphictiagaimgn

be diluted to a final concentration of 1x in the reaction mixtures. For example, a 20x GT
buffer may include betaine in a range of about 1M to about 10M, BSA in a range of about 5
mg/ml to about 15 mg/ml, and Superblock® T20 (in TBS) in a range of about 20% to about
20 65%. In aparticular aspect, the GT buffer may include about 5 M betaine, about 10 mg/ml
BSA, and about 57% Superblock®T20 in TBS. As one skilled in the art appreciates, the

20x GT buffer would be diluted to 1x in the final reaction mix.

[0097] In particular embodiments, the assay usually has a dynamic range of at least
3 orders of magnitude, more often at least 4, at least 5, at least 6, at least 7, or at least 8

25  orders of magnitude.

Detection

[0098] Detection of amplicons can be carried out by any means known in the art.
Fluorogenic nuclease assays are one specific example of a real-time quantitation method
that can be used successfully in the methods described herein. This method of monitoring

30  the formation of amplification product involves the continuous measurement of PCR
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cycles should be limted, so as to provide for equal anplification of all
target nucleic acids of interest.[0092] For running real-tine PCR

react i onsworenuisdzsn m xt ures general ly contai n an appropciratsSeotowtdoez, a
source of magnesiumions (My +) in the range of about 1 to about 10 MM
e.g., in the range of. about 2 t boyt. 8 mM . nucl eoti des, and optionally,
det er gentreodish i Smuitionzens « i LRaRp MuoBTEepe  Sph s 6e BURFer TR THRiS
buf fer aty@ueancRRFald Miheflit@ROH asthEMAMARS Wleafa, ke W4 Pad No.
concentration of 10 mMto 30 nmMpreferred. In one enbodinent, the TRI'S
buf f er cdnEBni%atieahetias, PWonREalrimhguangisative ®6RrGgnaouBee 6:986rEngadh ( 2X)
form The reactjqn m x, can have H range of, fro out .7.5.t0 abo 9.0,
wih a prrrangaldmelitns febRegn Bt GRS Glo girBR R i fodtor
nucl egt i dBSu&AT dagl-IaBelbd BubRB&EC ofigahRltbtid®d piohkd. Ot AP BE agie8atedhhat wWileal | y
in the range of about 100 mMto about 800 Exanpl es of dNTP

concent r atlirgMgn@rpsotey arethp mogowidehpoed Sg0P@bhe Peentioaris negoniied to use
De T . ' 0, ' -
terge ntosf tl%e;[lég gro%%S' a\t{)l?%{}ltﬁn% Pr-g% Egglf%gf)si%ﬁl %Ill ﬁﬂgcmpérgl%dugéﬁ)t%gﬁ&d?%?g?ﬁ? ei t ol

i ncluded Tn reactron m xture. g agents suc

(DTT, C eha&hed & wkial €t probd ispriuaRRbeled laorigemiayligbarldoede paibddatbe hded.
addition, nmaster m xes may optionally contain dUTP as well as uracil DNA

gl ycosyl geg9qjur aci I Np&ii€ s¥baaRnts UN@DropHdNes thet dall e REQPMUetRtabldi@bels
Escherichia coli ung ene, and has been cl oned, sequenced and expressed in
&l

E. cdli. forpiebes iprla agylohjamitedperhedamne syaree? (Cy 85 icrarare 3 (oyrd DNA
(single- € L AN Wi th NERY royi

sugar - pho@%ﬁ%s iglggillecg M’E%ékb’gﬁ%?mt h’uiﬁ%%lgvgn]%%n?g ’ gg(?r%% ﬁ(}g(a foilct%\%%di zation
target orPrabesi O™, dli£ M AranNA, Safanirer 6dasm ™ biealphasiabledions gplitbnds
flanki ng the resulting abasic sites becone susceptible to hydrolytic

cl eavage Bipswteavratedei@p&rdifdir es. Thus, renoval of uracil bases is usually
acconpani ed by fragnentation of the DNA. Duncan, B. K, and Chanbers, J .
A. (1984)[0HNE 28, Ippameymbegimeants, the amqunt plelebeling, probmiasgivescellSuegent J
H (1288).. . Biol . em. .2 14 A_nmaster mx i s ¢ rcially avail able
Fr omiRop i i 5 S op el o PR o8 e o BTN ELR i Ter wix.
cat. nos.prédifeéd 3vthe 4hpBlibationavsktidd2GHA8)in shdHodRhEAtiVARE Shoddtves can al so

contain structure-destabilizing base anal ogs, ) o )
fluorescent signal is related to the amount of product created in the amplification reaction.
In such embodiments, one can therefore measure the amount of amplification product by
measuring the intensity of the fluorescent signal from a fluorescent indicator. According to

20  certain embodiments, one can employ an internal standard to quantify the amplification

product indicated by the fluorescent signal. See, e.g., U.S. Pat. No. 5,736,333.

[0101] Devices have been developed that can perform a thermal cycling reaction
with compositions containing a fluorescent indicator, emit a light beam of a specified
wavelength, read the intensity of the fluorescent dye, and display the intensity of

25  fluorescence after each cycle. Devices comprising a thermal cycler, light beam emitter, and
a fluorescent signal detector, have been described, e.g., in U.S. Pat. Nos. 5,928,907;
6,015,674; and 6,174,670.

[0102] In some embodiments, each of these functions can be performed by separate
devices. For example, if one employs a Q-beta replicase reaction for amplification, the

30  reaction may not take place in a thermal cycler, but could include a light beam emitted at a
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such as 7-deazaguani ne to prevent Hoogsteen bond formation. A consequence
of this is the possibility to carry out structure-independent

anplifi cavoani0/881s9 e.g., USPN 5,091, 310, issued FebruargTas201882®420 | nni s
et al. [0094] In a specific aspect, a pre-sanple mx nay be prepared which

may i ncl ude . rsal t I i Ta | d

ni ¢ 7t 8 Peci i, DT g et o TR B AT Y 256 A S wi t
t he nucl edngolﬁgbfia&ﬁhﬁdgh@ﬁgﬁiductand appropriate priners. [0095] In one aspect
of the |nvent| on, a Ix GI' buffer may contain betaine in a range of about

0.1 M to t 0.8 /m,

gl ycerol |n rangeﬂytjpltal Rﬁ%ﬁ\]ak Qm?&ﬁl?%ggsbg%{ﬁg%lEhlgéggg%%ﬁlldﬁﬂ%&%sg%%gof about
1%t o abalstechfg dﬁE@sM&EBEﬁlsadrfoaplreamgqumfufabmn of. tAfgethicteiabdds. m%omeVES000
inaraneof 1% a uttoabot50 Ioc r in PBS in a range of
about 1%66%130&56‘%&“ %gr%es%ﬁi‘bé%gﬁ § da&l I&%&&é‘ dyring gdfer fg/%rto €&bout
10% and lyeeRer@l &ﬁle% {hﬁé‘g@rnﬁftl gM%ﬁgfofﬁ Hﬁﬁ@iﬁfon%@du'c& a@tl%@&:ﬁétfdn‘é
aspect, the Ix GI buffer nay contain about 0.4 M betaine, 2

about 2. 5%cgl méeerabtlmeabbucer@% AEGROcU8neabouse til%al@E@ml\ME@ﬁmﬁcamm 2 5%

MVE5000, about 1 % erb in PB t 5%8 nd
Mbout 0. Spekrbant B T AmRRtA o debr o it hEReR BOSEH by peifny
contai n abuinc®wis M ekahpie pridr tdmplifBadon.about 5% gl ycerol about 2% PEG
20, 000, about 1% PEG MVE550, about 2.5% MVE5000, about 10% Super bl ock(r) in

PBS, 13boyp1d4]% Sup eA&'oﬁﬁKé {0) soﬂ?e%mlﬁﬂ@m@tﬁ? Wne LIRITWREAY 28onidoP BRGInduR: N0t her

aspect of the invention, 20X buffer may be prepared and may be dil uted
to a fi nammidraeert platiuamftolfapncdctnrrmhed nemb¢n afgyelex suifieisnt tE@mdlwtatml e, a 20x

GT buffer i ude betaine in a range, of about a
Canoe of riled e e AbAsE e e udrR I s BBRS ekt Bady g ieatiag) " o
a range Qfetcd@aie f&g%%ﬁfeﬁt@%f)leﬁﬁﬁé plifheRsR@bhdeC M BfeadfReGhditioRendal maHy f er
may i ncl ude about 5 bet ai ne out 10 ng/ M BSA, and about 57%

Super bl ock¢ley RO ufiiciqBe) determyne thelgireseaer q’frﬂ given target apjieieerigt es, the 20x GT
buffer would be diluted to Ix in the final reaction m x. [0097] In
part iléul d01@dtbodi ey scquirhne thesesgenrsipatt diffesnt @nperrmies, iviapgssildé tafollovast

the extent of hybridization. Moreover, the temperature-dependence of PCR product
hybridization can be used for the identification and/or quantification of PCR products.
Accordingly, the methods described herein encompass the use of melting curve analysis in
detecting and/or quantifying amplicons. Melting curve analysis is well known and is

20  described, for example, in U.S. Patent Nos. 6,174,670; 6472156; and 6,569,627, each of
which is hereby incorporated by reference in its entirety, and specifically for its description
of the use of melting curve analysis to detect and/or quantify amplification products. In
illustrative embodiments, melting curve analysis is carried out using a double-stranded
DNA dye, such as SYBR Green, Eva Green, Pico Green (Molecular Probes, Inc., Eugene,

25  OR), ethidium bromide, and the like (see Zhu et al., 1994, Anal. Chem. 66:1941-48).

Labeling Strategies

[0106] Any suitable labeling strategy can be employed in the methods described
herein. Where the amplification mixture is aliquoted, and each aliquot is analyzed for
presence of a single amplification product, a universal detection probe can be employed in

30  the amplification mixture. In particular embodiments, real-time PCR detection can be
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3 orders of magnitude, nore often at least 4, at least 5, at |east 6, at

| east 7, or at |east 8 orders of nagnitude. Detection [0098] Detection of
anpl i conswoanios3zsarri ed out by any neans known in the &CT/USEd100R@EENI C
nucl ease assays are one specific exanple of a real-tinme quantitation method

that can be.used successful in the t hads descri rein, This nethod
of noni t SAITHY PHESSA VRN EER | Gr 8 it @&%qsﬁnwﬁa@&? ARG L osbie

cont i NUOUg ARJISHINANBRL, afh RRPBRAGEEN 3GaUTIMER: PoUSHeRs & siiRhed-gRelrrd
fluorogenlc ollgonucleotlde pr obe- an approach frequently referred to in the

| i t er at urppobes thdidindiagivareolidersghote pr&eat iv).a8. anfpdificatv prodyag, BadingHei d et
al ., 1996 al -tinme quantitative PCR Geno Res.. 6:986- 94 ech .

ncor por AHEHREFLITTCBY S Ricdr BSETn R EHEPRBNY FReHrE A WERPPPESi 1y 1 or
thei r 5di seldasurifg pfeatrpEifivge>naindd @lri \A%@@bﬁﬂcd‘ulouor ogeni ¢ ol i gonucl eoti de
probes. It wll %e appreci ated t hat ile "TagMan(r) probes" are the nost
wi dely ugggo#|or aPCherhdifely)¥8OLE QBrd tﬁrgfapgpeﬂff@cff%k bRbESE.eQkpdd¥eSRrRr Obes;
any suitabl e probe can be used. In particular I ments, any detection
met hod i rfanghi mivldokide prqubece te ba ddigaled) Jabaipécweﬂllmdrecagtmhfmambn goviuech éot | de
probe can, be used. [.0099], 1n ec'fic ro ho es that gan be
Csed as dEbeLtRRTeanarur, RREhaiRamate OBl veapetiiuttl FPhi et adc

r hodani nQar%@b’lﬂI&ﬂd”'@aé’tds( &¥ t3he daYAd Hen ﬁrge%nﬁ)er of $aAP1&S (Fi‘ir @xar}s@ﬂ@(ﬂf Bhly
Liz(tm anra(tm, 5-Fam(tm, 6-Fan{t : and Texas Red {ll\/b ecul ar
Probd¥) . thage é{rgm wepg t@(heréetecteﬁamaégqtﬁyec Praabemﬂl a @ffregnt tingregoeat labgl

avai | abl I|e i f 0 In sone
enbodi meﬁ?lt e e atr%)bl%[l% egl%%ﬁ dln%rygfa%%ls %{bf%‘gls an)a yIS%SOCE‘?%@}]('?ent si gnal

in respo n®adicedin vhich thetditerchila 1athls fuy Rk ciadd androe ldaﬁeet‘,édht)dﬂfﬂ@ﬁan&muﬂéngﬂﬁs
nucl eic acid, produced in the anmplifi catl on reaction. Thus | n such
enbodi nerit @ SingereaeHintS e@f@ﬂ%ﬁ)@%ﬂ@ﬁ% Spegivarorys Pessr &t dd Bds) Mascelnount  of

r oduct I 19N u I one can
PLoset, BASLERA e L el SRS A RSO e, O

I nt ensi t Marcelt IDekket, t}{ﬁveﬁ’odnt(lﬁﬁiogrwdrlrﬁa’mHaadlﬁdakmf@ﬂmeﬁcema&cﬂpeammof Accordi ng
to certa emhodi e c an ingern ify the
anplific IiOBH‘ 15?\@2[96‘6‘{]6% %Pﬁ[]‘é%t‘g 9“‘E Sﬁ‘ IN.FB‘f% zllt97§ %thss@lo @‘E U.S.
Pat. No. Gonédfuidsdf Organic Molecules, Academic Press, New York, (1976); Indicators (Bishop,

Ed.). Pergamon Press, Oxford, 19723; and Haugland, Handbook of Fluorescent Probes and

Research Chemicals, Molecular Probes, Eugene (1992).

20  Removal of Undesired Reaction Components

[0108] It will be appreciated that reactions involving complex mixtures of nucleic
acids in which a number of reactive steps are employed can result in a variety of
unincorporated reaction components, and that removal of such unincorporated reaction
components, or reduction of their concentration, by any of a variety of clean-up procedures
25  can improve the efficiency and specificity of subsequently occurring reactions. For
example, it may be desirable, in some embodiments, to remove, or reduce the concentration

of preamplification primers prior to carrying out the amplification steps described herein.

[0109] In certain embodiments, the concentration of undesired components can be
reduced by simple dilution. For example, preamplified samples can be diluted about 5-,
30 10-, 20-, 50-, 100-fold (or to any degree in a ranged defined by any of these values) prior to

amplification to improve the specificity of the subsequent amplification step.
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[ 0101] Devi ces have been devel oped that can performa thermal cycling
reaction with conpositions containing a fluorescent indicator, emt a |ight
beam of awepewnvdssmd wavel ength, read the intensity of tireTfUSaawes®ent dye,
and display the intensity of fluorescence after each cycle. Devices

and a fl uor

et bct or |0AENe. beornabE Fmbbml, und e d fabishs T b8 gy Tgariely &
6, 015, 67%112?{99%&@5@ @&ng[eg 102litabl SRYRaGORRATRALEe cBARRs Bfac HIpRSE

functions can be perfornmed by separate devices. For exanple, if one enploys
a Q bet a singhd-pteasled nedeiciaonsfsoch anpl ¢ofli axanidegse thExeasadNilBn lafegvenbiont ake

pl ace in thermal. cycler, but could j.,nclude a li.ght bea mtted.a

bspeci {1 PamEiReR Eision et s, Taroret i fudu ekt ergia Al SRl i on
and disspl@nPofwhibie reaiByen theqfhosphatd drbGmt fir@ INTPIUCracil RidRosyiasep@NGul ar
enbodi nents, conbined thermal cycling and fluorescence detecting devices

can be udémptarselt Bemsrriigd Hiofybieari A, Fpsterf GetChlandedisetiodyevanh sone
embodi me n%VanIeh‘é%?%%Péf rﬂé}é‘kr?)mcﬁl” Réu Qﬁhﬁﬁéa%n%%%{igh %&&ﬁ%ﬁ%edﬁﬁ 89
and/ or after one or nore ‘therml cycles, us permtting nonitoring of
anpl i fi cadoh@inedrdOHR isstead of A& TPe AN G dagradasCUicontining@iimédsme. " | n certain
enbodi nents, one can use the anount of anplification product and nunber of

anplificgoipn cycl esitdrfatbalyc uh@h&ed prmeHcnd AN TR ah 8 §8hovRd Bly@ofunaei d
sequence was in the sanple prior to anplification. [0104] According to sone

enmbodOme rrhgomaypgrapl| lprsxapble, s dilraiont He Sephader cafbeaamiplpyadciat fhoh pr oduct
after a gjrug[gesgern‘i ned nunber of cycles sufficient to indicate the presence
of the target nucleic acid sequence in the sanple. One skilled in the art

can easi | termne, for, an i.ven s l e type, priner.se nce, and
Conceton WL T on 15 ety Shishgthe g BB s e e tnefidsn S R R Raton &
presence Rkled ke Fok @izﬁﬁﬁlem&féir&i Bucksit dc_-:id:E £:40%] pr@ﬁére%@iﬂﬂjr/] irhgbiliewsegcence
over different tenperatures, it is possible to follow the extent of

hybri di zaplisupnobt dbwe exemplart anfnsimentr ghajerbiatiadh aéached pPORspedaudeic

hybri,di zati pn n be used for .t i dentification.and/ or ntification of
PR proadels SRR sP R ottt R bR ol R AR B BB O e e
of el ti nenpuising aandliyisi-soldly Biatacucngs aretidiguantinayiielg, wintedansleic

Melting curve analysis_is well known and is. S )
acids can be imhmobilized on a solid support and desired nucleic acids harvested by washing.

Applications

[0113] The methods described herein are applicable to any technique aimed at

20  detecting the presence or amount of one or more target nucleic acids in a nucleic acid
sample. Thus, for example, these methods are applicable to identifying the presence of
particular polymorphisms (such as SNPs), alleles, or haplotypes, or chromosomal
abnormalities, such as amplifications, deletions, or aneuploidy. The methods may be
employed in genotyping, which can be carried out in a number of contexts, including

25  diagnosis of genetic diseases or disorders, pharmacogenomics (personalized medicine),
quality control in agriculture (e.g., for seeds or livestock), the study and management of
populations of plants or animals (e.g., in aquaculture or fisheries management or in the
determination of population diversity), or paternity or forensic identifications. The methods
described herein can be applied to the identification of sequences indicative of particular

30  conditions or organisms in biological or environmental samples. For example, the methods

can be used to identify pathogens, such as viruses, bacteria, and fungi). The methods can
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described, for exanple, in U S Patent Nos. 6,174,670; 6472156; and
6, 569, 627, each of which is hereby incorporated by reference inits
entirety,wardiogsazsofically for its description of the ugeTafS2omeiorivay curve
analysis to detect and/or quantify anplification products. In illustrative

enmbodi ne curve analysis is carried out using a, doubl e- stranded
DNA dye, a@t?ctr‘? %?S 16 L2f enExf/%‘“@nése‘?f m’lﬁf‘??BV’é"HBﬁ“i 4\7¢:E gBGP%tF‘“ﬁ%%@S | nc.

Eugene, GRkrotgd1Rpalidimh iOoitig ciand the |ike (see Zhu et al., 1994, Anal .
Chem 66:1941-48 Label i ng Strat egi es [0106] Any suitable |abeli ng

strat egy it yjbe enphggiggleg fi%q ggglt ﬁ%}@@@lgplggéﬁ{o #EQmﬂ{%rﬁNR Ormze cBp o

anplific m xture Iquot Is an
presence mRNA mIRQMQ capy hubeaatDaxrnpnaibue bf atsertant DhAsalpydendet inogenpmidoe can

be empl oye rrpllflcatl n.m xture. articul ar enbodi nents,
r eal HB ? 9 SRABRIS: ﬁ%ﬁtag%%tlso@@%é’rr A Si’f?r“&éng“ﬁtﬁ pr obe.

Sui t abl e di!&'aé/e%rs'iﬁh a8l BeRePr 088 Snin i iR MRURL SR ARG e e%f&‘ﬁ&l 1eSHIGE as

SYBR Green, Eva Green, or Pico Green, or sequence-specific probes that bind
to a nuclteoituilﬂﬁesplqsmmmomw@nf genesexbﬂ ingngst, iefg. ,oatilféarerpnmtimdusls, tBismahi ng

ar get  nUKEICRET AR F Y P B RSt R MhaR o i isﬁ%gﬁ%tsft‘?dé%t fon.

[0107] AIdlﬁfé@ﬁgdew@ﬂoysme%pst@gesnore target-specific qPCR probes (i.
specific for a target nucleotide sequence to be detected) is enployed in

the anplification mxtures to detect anplification products.
Targgp-spegs fic probes could be useful, e.g., when only a few target
nucleic acrds are to be detected in a |arge nunber of sanples. For exanple,

if only tlo1Es tar gekiss aeoiigrohke BetRdnedn ikclid @Rtor Ree idagentpugdiel fot th a
different fluorescent |abel for each tag({:;et coul d be enpl oyed. By udi ci ous
choi ce ofPiglsEIEsONCAr A9y avay AIrthngs deiratied Bereinn Awkit gpnardl ’&Flﬁlfi@? BC P%Poel s

are e>e<_c' L6 ?ﬁladér%o&%ﬁt%@p% 1?ot1d19 tﬁ&%% R g%?ﬁ&?%ﬁ&[} f;p%értc eas %Ir' on.

See, orescence ect rosctopy ker
New Yor k m«Qr]:Q@ﬁa)rate‘d‘hmpem&cbnsadr thi%lnuld)y asaémc:eurAwdienyIhB cofphtilatity cifahe

Appr oach, Marcel kker, New YorKk,, 7 Ber | Handhook .of

Fl uorl scéﬁ%g@nts,r}@@gf Wof IEAdiapiatson ‘Fl fiwt & maffa thatﬂ@dg’@rf{éélrﬁbﬂf‘e@%m New

York, (1944 stafdpbink, subi$ as ggllli@éfg)) %lu@ﬁﬂ@t h Eﬁdh&é}ﬂ(sﬁfangoggtw GehbbheeHhes,

Acadeni ¢ Pr ess, New York, (197 Indicators (Bi's
useful in sample processing, washing, or conducting any other step of the assay.

[0116] Kits generally include instructions for carrying out one or more of the
methods described herein. Instructions included in kits can be affixed to packaging material

20  orcan be included as a package insert. While the instructions are typically written or
printed materials they are not limited to such. Any medium capable of storing such
instructions and communicating them to an end user is contemplated by this invention.
Such media include, but are not limited to, electronic storage media (e.g., magnetic discs,
tapes, cartridges, chips), optical media (e.g., CD ROM), RF tags, and the like. As used

25  herein, the term “instructions” can include the address of an internet site that provides the

instructions.

[0117] It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

30  this application and scope of the appended claims.
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Ed.). Perganon Press, Oxford, 19723; and Haugl and, Handbook of Fl uorescent
Probes and Research Chem cal s, Ml ecul ar Probes, Eugene (1992). Renoval of
Undesi r eawBeanrassaso Conponents [0108] It will be appreci acedsean2e9eact i ons
i nvol ving conpl ex m xtures of nucleic acids in which a nunber of reactive
steps ar | oyed can . r.esul arjety of unincor ted reaction
componanti8 8nd  hdi SeB0=a whetsteliCtinmaatoss BLa PReRTGfos hent s, or
reduct i omepfin Efé%e?eb%rqm ﬁaéhlbgr}efe@ﬁc@ﬁyth@lfr eﬁufé%r foR b glfpogésean up
procedures can inprove the efficiency and specificity of subsequently
occurring reactions. For exanple, it may be desirable, in some enbodi nents,
to remove, or reduce the concentratpQRnNgpL R Eeanplification primers prior to
carrying out the anplification steps described herein. [0109] In certain
enbodi ments, the concentration of undesired conponents can be reduced by

si npl e dilution. For exanple, preaniitdmpd 1sanpl es can be diluted about 5-,
10-, 20-, 50-, 100-fold (or to any degree I n a ranged defined by any of

t hese5val ue]?iotpcol(for Preannplifichtiontand n\mphﬁcmmw(ﬁ‘ SaneplepPruduiced by Vohole he

n so p thﬁints undesi red

subsequent anplification s eg 0110

conponents can be renoved §94a£&§ﬂm&£- pans. Exanpl es of

sui tabl e mati c i ncl ude,.enz h st sin t randed

nucl ei ¢ Jﬁ?ﬁﬁ sucﬁﬁggqénn F Qﬁﬁh F%QE%‘?BY“’gEé?EmBﬁ%EthgﬁpnoVer from

t he anpl itbilewéd By prea@plifi@nionand Been"1baNBYe6la FRydi Efrﬂahmr&hlp/uﬂdmna?&
al kal i ne phosphat ase (SAP), which renoves the p osphat%@%rou om dNTPs.

Ur aci | N-dylayidesye meketimpRAyN{eaFs Chais a¢ackion (g Rbpingse Bi 9r§,<t'f fEstemndhe
Fost q é{‘ré(amr%qﬁ}c]al o &Foﬁa%g En%h?lgﬁ}/o%%erg @‘ﬂ?ﬁh%ﬂt 13hd Yo"lf?)\éﬁﬂé%l %%Ilgé imers from

an |n|t| fon re In which e priners con duTtP

i nst ead TP. U rades U-.containin s. 0111 ternatively,
unreacteghgﬂ{ners Egy@gwhﬁ'apgﬁ%ﬁﬂgiﬁ’ g% dﬁﬁLgﬁhoéﬁ?Bﬂyé%ﬁy For
exanpl e, sﬁﬁlbldcﬂrd)ﬂlra%iﬂg@@céﬂ anﬁqﬁaaﬂﬁmw@ﬂplﬁﬁaaaﬁ)kw@yp&fchﬁfedwc@nmmlﬂg)se
[0112] In particul ar enbodinents, clean-up includes selective

i mobi | i Za? Hbef wiglergell ear@placwltﬂlsbuffiéofaf@xH\Hmlfeﬁemcr Aawplifigatiai)c2.a¢ll 66 can be

referentiall i nmobilize n a solj ort. In an exenpl ary enmbodi nent,
Bh ot o- bl d)[ook: ?/agsaaﬁ f%ﬁlgalgtdl(? Cflé%ﬁ‘yrs é{ji wgf%{ fIOI'WEII'H prlmer S anrrpreverge prlmer S
15  each and 50 nMol of probe and 5 pl of 2X TagMan® PreAmp Master Mix ( Applied

Biosystems, Foster City, CA). This reaction was performed by 95°C for 10 min, followed
by 14 cycles of 15 sec at 95°C and 4 min at 60°C.

[0121] The amplifications were performed in a Fluidigm Dynamic Array chip. The
solutions added to the assay inlets of the 96.96 array (Fluidigm Corporation, South San

20  Francisco, CA) consisted of the primer at a concentration of 9 uM and the probe at a
concentration of 2.5 uM, 1ul 50X ROX (Invitrogen) and 0.25% Tween 20. The solution
added to the sample inlets was prepared by mixing 2.5 of the preamplified sample, 3 pL 2x
TagMan® Universal Master Mix (Applied Biosystems, Foster City, CA), 0.1ul AmpliTaq
Gold Polymerase (Applied Biosystems, Foster City, CA ),0.3 uL 20x GT Sample Loading

25  Buffer (Fluidigm Corporation, South San Francisco) and 0.1 ul DNA-free water. After
loading using the NanoFlex™ IFC Controller (Fluidigm Corporation, South San Francisco),
PCR and fluorescence detection were performed in the BioMark™ System (Fluidigm

Corporation, South San Francisco, CA) for genetic analysis. The thermal cycling protocol

consisted of 50°C for 2 min, 70°C for 30 min, 25°C for 10 min, 50°C for 2 min, 95°C for
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acid, and the resulting biotin-Iabeled nucleic acids immobilized on a solid
support conprising an affinity-noiety binder such as streptavidin.

Al t er nat iwel2g1o/08828ant ed nucl ei ¢ aci ds can be i mmobi | i ze@CoUS20190LG9d2 suppor t
and desired nucleic aci ds harvested by washi ng. Applications [0113] The

met hods d scr Lpane ¢ Ilcab n echpi.q [ d at detecting
the pres SHETRE 1B ORI e R o i S ad Felnirontinyafun:

aci d sarmh @he ﬂéﬁwﬁm cfh%b% %meearraw&'é@ 9@@51*010&%11 a5 afPRId fahEplifel RNt i fyi ng
the presence of particular pol yndrphisnms (such as SNPs), aIIeIes or

hapl ot ype¥0 nM potbeonosonmal abnornalities, such as anplifications,

del etions, or aneuploidy. The nethods may be enployed in genotyping, which
can be carried out in a nunber of contexts, including diagnosis of genetic
di seases or disorders, pharnmacogenonixsn nméksonalized medi cine), quality
control in agrlculture (e. g.. for seeds or I|vestock “the stud and
managénmenMe 1 g Dat¢ e} INA 6 1 SanplbRNA Bpesie
fisheries
paternity o
appl i ed tigysdie idenfy; E%hﬁl%ef&—lbé@ &1'8881% feg%qg%a St o%tanﬂﬁ% idn%H& ar
cond|t|ons or organisns in bio g|c orenvi ronnent al sanpfe

exanpl e, anfpdicoet fwdsmcédetbeldmscefdnetseenngMRNﬁ) paicmﬁﬁhs{miRNAh EH]Sl/QIIOthS es,

bacteri a, e met ed to c cterjze.

onvi ronmsHE RGPS e rBarrco B Dovae hirac @erdd! FRfokErabi a
speciigs i(rER %sﬂﬂg &K qgélﬁtlty hOdiditlaciing d?e tiARASkfle AciQsRE RARIRYEMeLO
determ ne DNA or RNA (e.g., nmMRNA, m R copy nunber Det er mi nati ons of

aberrant rDR&icans \Mlmbtarlvmh frgmmmﬁlbnmrﬁ of epdlebubingleorllexldspg e 4848 t he

0 20m0% R AOIRS] s REaRBELSELEL 3 8P BB GBS 3"

expr essi amsifi@ab6.96DVghadlic JEAES! T it BisEBle,to @nflyze upgrodicl theegFbr 9di vi dual s,
ti ssues, or cells under_different COﬂdItIOﬂSﬁ§ g%, di fferent externa
stinul i drdiyidvabgepiesatlds ps@simtedrPratocds Crebepdapte/e RBHMETRVAN RABges. Kits
[01 151]r5 F;)s'raﬁlp?e%ﬁaﬂﬁ dl Bfock 3nhB dr DY R, R0d&RRbd NG HHE RRPUSENTRY €18 1B3IR1HS

usefu

August 26, 2006, which is hereby incorporated by reference for all purposes and in
particular for its description of methods for tagging samples and/or target assays for

multiplex analysis.

A) Detection of mRNA

20 [0123] An exemplary protocol entails analyzing single-cell gene expression using
the BioMark 48.48 Dynamic Array and real-time PCR. This protocol is described below as
a new and efficient method for obtaining gene expression data for up to 48 genes from a
single cell, using the BioMark™ and 48.48 IFCs. This protocol enables examination of the
contents of a cell with minimal sample preparation time and expense. This protocol covers

25  the laboratory procedure and reagent requirements for performing single-cell gene
expression studies using the Invitrogen CellsDirect™ One-Step qRT-PCR kit (Catalog
numbers, 11753-100 and 11753-500) and the specific target amplification (STA) procedure.
This approach combines reverse transcription and specific target amplification of single-cell
assays. This approach can be adapted to analyze any nucleic acid target and in useful for

30  analyzing poor quality samples, as well as single-cell samples.
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practicing one or nore assay nethods described herein. A kit generally

i ncl udes a package with one or nore containers holding the reagent(s)
(e.qg., prwoeony/@szsdor probe(s)), as one or nore separat @Crarspasioeivens or,
optionally, as adm xture where the conpatibility of the reagents wll
allow. The kit can aI SO | Q rmaterlsalas t hat may be desirable

froma user sti3§ : ent(s) a standard(s),

Conduct iy Qtn'}e%%sﬁirfctst ﬁ“ﬁéﬁ”@m Br Rt s e

i nstructins3fo0) carryi ng out one or nore of the nethods descrl bed herein.
Instructions included in kits can be affixed to packaging material or can

be includéd asORtigpakRAGERAsEEHT. (Apphien RMAMISh uctions are typically

witten o priqg t di um
capab(l?’e of stojr:% %ngfcjﬁ{ |eﬁséfl?gﬂgtq\l}f %Sﬁegq\g& Aé%hga Eﬁgﬁt rﬁ‘%%‘é?n&%”gﬁ end user

i s contenpl at éEEbeetrk(iTSchnbve)ntl on. Such nedia include, but are not limted
to, electronic storage rredl a (e.g., magnetic discs, tapes, cartridges,
chips), optical, ) CD ellke As used
herein, the terse : ek internet site
t hat provi des i ctl N r.st ood tha th e arrpl es
and enbodr ment e%a&S? .‘/m@ﬂk Hesk ol ‘9“?1“%8“&??588 R AT

t hat varifquﬁhgm@lsmpc@mcm&f@én&tmgem|680(b01gBRem)er eof will be suggested to
persons skilled in the art and are to be included wthin the spirit and

pur vildw & t hiRoohplhreaksimesssaypand didye vath Th butiersetby gach %ﬁs?ﬁéls[a@&ila]ﬂ I'n
addi ti On’coﬁ#ntﬁ%@fﬁf(ﬁ’g?l IrRRLL %@?)’2;4‘)@%33?5\?15( and patent applications cited
herein are hereby I ncorporated by re ence in their entirety for all

pur poses.3. EXANrbizive Exanpip: RTRI0t blaster Mix biPceabipling the &1lcawing bemponents:
Amplification of Sanples Produced by Whol e Genone Anplification of a Single
Cell [0119] DNA fromsingle cells was anplified by whol e genone

anplifi camcbrﬁponéml I ovved by pr eanpl i fi cat Mymmadpm hen | oadi ng on a FI ui di gm
matri X ghip—and-ans . / e =
reacti on ; §thm The

U)UJ'_" o
1L

0.2x Assay Mix 2.5

SuperScript™ IIT RT/Platinum® Taq Mix 0.2

TE buffer 1.3

Total 9

15 NOTE: If cells are to be stored prior to RT-STA or if RNase activity is suspected, add
0.1uL of Ambion’s SUPERaseln to the RT-STA Master Mix.
4. Aliquot 9 ul of RT-STA Master Mix to each tube or reaction well of a multi-well
plate. Sort cells by fluorescence-activated cell sorting (FACS) into each individual tube or
reaction well. (These steps can be varied depending on researchers’ needs).

20 5. Tap the tube or plate to mix.

6. Use immediately or store at — 20°C.
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preanplification and on-chip anplification were carried out in the

follow ng manner. [0120] A prelimnary anplification was perforned to

obt ai n t woporwaspdsnfi ed sanple froma single cell. The pceltispimaros42
anplification was perfornmed by conbining 2.5 ml of single-cell sanple with

buffer (after ole Cen Amplification), 2.5 f pool ed assays

cont ai ni ng 19%‘%@8 1a?f@8’@ﬂ:ﬁ%?a"§?e ng?‘zﬁ/Qtt‘asﬂﬁlErfﬁﬁ@’gWﬁ AReberse primers
each and 50 nMkoRplidE@RSthans réackbn 9bluge. TagMan(r) PreAnp Master M x (
Applied Biosystens, Foster City, CA). This reaction was perfornmed by 950C

for 10 min, fdldroment#dy PrabeyseldesingSTRGs Dptoral usBeCmNdid4blribacarse 8€0C.
[0121] The arrplifi.cations re perfornmed in ‘;PF ui di,gm ngn‘ic Array chip.
The sol utions Faddfed 8 IREM AL A CHATEPENI 1 HEOY6 B AT PASY PEFLI di gm

Cor porati on, JRuohnidamidH aisb&sef STAWIEORS ®irBfg Ahmb&S oPholuledl Ofnitting
concentration of 9 mMand the probe at a concentration of 2.5 mM | nl 50X
ROX (I nvi t r ogetiybeadidhio stzBpapeent ipgnorghebusbbaselingnsubaddn: o t he sanpl e
inlets was pr LML XI . i fi 2X
Taahen( 1) Uni Gragries (o A et Sine i gL E AT bl LSRRGl Uen™ |
Anpl i Taq Gol d tRamaleyaadof hppedisd RA/SSEshatml cydisger CGty, CA ),0.3 nmL 2
GI' Sanpl e Loadi ng Buffer_ (Fluidigm Corporation, South San Francisco) and

0.1 i DNA-f r ¥ Virkee diansoaibe dhe RYAIP s N/ ph “Crer ARAURBIEX (t m) | FC Control | er
( Fl uidi gm Cor L r.anG ; f ction
her 6 et Tor e R P e e s e PR P BB 2
Franci scaoninG&}. f or genetic analysis. The thermal cycling protocol consisted

of 5Q0C for 2 mmn, 7Q0C for.3 ' 2 for J10 mn f 2 mn, 950C
for 10 mi -1 of 1 BkChyeaayiy L3S tresDNA Feft15586lEs B Crfoh S6<EHE. The
final congeotihal hflged N the reaction chanbers of the array were 900 nM each
forward and reverse priner and 250 nM probe. Exanple 2 Methods and

Prot ocol sl® o Deifwe thevesdengencaRpli(icd N A RMadict 15 vEitmIlE bRMar. Speci es Usi ng

Fl ui digm M crofluidic Devices and Single-Cell Anpbunts of Nucleic Acids

[012 % Thi s l.e descri | dol agi required for obtaining kinetic
arrplizlon "rezliﬁlrfgmm el e piblifistion MRNA), m croRNA (m RNA),
and/or otjer Prepare the real-time reaction mixtures according to the table below.:

Component Volume (pnl)

2x TagMan® Universal PCR Master Mix 2.5

Fluidigm Sample Loading Reagent 0.25

Preamplified cDNA 2.25

Total 5

2. Vortex and then pipette the real-time reaction mix into the sample inlets of a

Fluidigm Dynamic Array (DA).
20 3. Pipette 10x assays into the assay inlets on the DA.
4, Follow the BioMark Real-Time PCR Analysis Software Quick Reference Card (PN

68000089) for complete running instructions for real-time experiments.
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smal | RNA species and using 48.48 or 96.96 Dynamc Array Integrated Fluidic
Circuit (IFCs using low quantity nucleic acid sanples. This Exanple

f ocuses owmoOesswissisng t hese nucl ei ¢ aci ds when derived f Pomuse@blo2ovber s of
cells or single cells. Using a 48.48 Dynamic Array(tm) IFCit is possible
to anal yz ] sanples. Using a 96. 96

Dynam ¢ Ryze up to 96targetsfor 96

o v of A.and/or, Small }

i ndi vi du npl es The ssoci at ed ze even
nor e sanﬁh%iﬁand oﬁAﬁezu%?egﬁm9m1§”&Pa§ ]Sanaémnﬁgnquggglnsm dlng
USSN 12/ S4fhglBe Blch/IhI@CHSAlSQDﬁﬁanﬁﬁ Ar§Qad r&ﬂlutﬁsﬂﬂ: PGR BN €0g-lione (Nlpoﬂ“ﬁised by
reference for all purposes and in rtlcular for its description of nethods

for taggiRigloselisrays axariartianal ek NAsgE lpwcopqgntrpims,of sofal nuslesc acky.

Det ecti 0

st ngl & ot SERNASA S AN X0 Bk e, 2008 pRNRY ffibos e

real -t i ndatRCRorylprioseduiatand atagest qumea“rhdmmfobahaiy\ziag AR NAW aat/or erfnfa]ﬂ RiNaﬁnst

nmet hod for obtainin ene expre55|on ata f 48 genes froma single

cel |, usi trogn e G 3 AT R ORI gl 9N ﬁzéﬁ el .agerplr%i%azﬂc{}@rfaltg%s

exani nat 'a‘iﬁgﬂﬁfcaﬁcﬁﬁ(sel%tc?@l% B thk &8 1ey r@?o@él%lhzésatﬁph\?eeggpﬁﬁ?a‘f BbdIOFt i e

and expense. This proto covers th ratory proceduré& and reagent
{eqU|renﬁmﬂggr?mgfemkupnvmQ?Ehngmpauﬁ¢hmgﬂmefbﬁgﬂe&iﬂ@ﬂ)@muﬁgpphmhaggSEhioo
nvi t.rog sDirec t e - It l.og nunbers

and 19758061 n Mt é ‘f“}dcgg P&glﬁgw ufle PB& U B Rl Gur e.  Thi's

approac h rﬁélmi)% NYosdifY &d §@ thé FMSCLHIPIE Mundlde SRAG di el ahiBN A PRI nfihig@fl | on

of single-cell assays. This approach can be adapted to anal yze any nucleic

aci d t ar gempknidpitn useful for anal yzi ng poor quality samples, as well as

singl e-cell sanpl es. Reagents for analysis of nRNA species in single cells

CellsDirect(tm Cne Step qRT PCR klt (I'nvitrogen, catal og nunbers,

11753- 100 and Reapbits ) \UipeRiese- | n(tn) (Ambi on, PN AMR2694)
TagMan(r) Unlversal PCR Nhster C&fﬁ plied Biosystens, PN 4304437 TE
1

buf f er ( TéchndydlsDirect™ One-Step qRT -P t (Invitrogen, catalog numbers, 11753-100 and
15 11753-500)
. Optional: SUPERase-In™ (Ambion, PN AM2694)
. TagMan® Universal PCR Master Mix (Applied Biosystems, PN 4304437)

. TE buffer (Technova)

Preparing the Megaplex (RT) Reaction Mix and reverse transcription of RNA

20 1. Prepare the RT reaction mix in a 1.5 mL micro centrifuge tube according to the following

table:
RT Reagent Mix Volume for One Volume for 60
Components Reaction (ul) Reactions (ul)
MegaPlex RT Primers (10X) 0.80 48
dNTPs with dTTP (100 mM) 0.20 12
MultiScribe Reverse
Transcriptase
(50 U/uL) 1.50 20
10X RT buffer 0.80 48
MgCl, (25 mM) 0.90 54
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Singl e-step RT-STA (preanplification) for single-cell experinents 1. Users
can start by enploying 20x stock assays (including prinmers) as described in
Fl ui di gmMwoStw/@sisck Reference Card (PN 68000133RevB). PCTRSo0104R0942

real -time assays and dilute with TE buffer so that each assay is at a final
concent rat+en—ef—0-—2%—Fhi-s—i

RT- STA NHsNae IhMhikittey(20 @irpLni ng
0

O—2x—Assay—M-q—3—Preparethesanpl e
fold.ogMm Nng conppnents: NQ@FE: If cel|ls are
to be st e activity|is suspeﬁ&ed, add O} 1nL
of Anbi gA=—s=% , s RT- STA Master M x4 Aliguot 9 m of - STA
Master N x to eaclrgigtbe or repction welkgof a nmulti-well p%ﬁ e. Sort cells
by fl uorestence-activated cett—sorting (FACS) Tnto each Tndividual—tube or
reaction well. (These steps can be varied dependi ng on researchers' needs).
5. Tap t tu r plate to.mx. . Use | diately or .store at -

200 Comtent # LortrrBe OF @O tenl ipeaf bl PO ERRDY il bEeM hsech be
acconpl i dog@dni t h that reaction volune. Comment# 2: Probe use during STA is
optional unless unavoi dabl e because the probe is also present in a prepared
assay g, Proby u%@ﬂl.StLﬁL Ot REHORA rﬂﬁ‘cﬁfﬁ%@%l’i‘ﬁba@ﬁ&hw@ll}'@Ehﬁﬂtﬁxzeﬁ-ﬁadﬂé.t h

| ow starting nunbers of nolecules. Omntting probe at this step may result

in mose robusty RASEliiNGonbts 355 hOo RIVEMo & HRORIAENE el RO a1 NP ng

—
>

e
f

reaction mx can t a thermal cycler for i ate RI/ STA
t her mal cli NG, ezi.antcPreC\éer.%ue transcribe the RNA to cDNA at 5Q0C for 15
mnutes. 8. |nactivate the &T enzynme, and activate the Taq by bringing the

sanple to 950C for 2 mnutes. 9 ecific target anplify (STA) the cDNA for
18 cycle 'of:C@%Bé?t?g}eﬁ%{e%é@rﬁ%?%é%'for 4 minutes. 10. Dilute the
resulting preanplified cDNA product 1;5 with TE buffer. Detection by

real -ti mg] -PCR "thgﬁlﬁgll qyp]@é{lc; Eﬁarytlon as described in the table below:

Stage Temperature Time Cycles
Anneal 16°C 2 min 1
Extend 42°C 1 min 40

50°C 1 sec 40

Enzyme inactivation

85°C 5 min 1
Hold
4°C hold —_—
10 Comment: The cDNA can be stored at -15°C to -25°C for at least one week.
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1. Prepare the real-tine reaction m xtures according to the table bel ow. :
2. Vortex and then pipette the real-tinme reaction mx into the sanple

i nl ets ofwa2plossisgm Dynami ¢ Array (DA). 3. Pipette 10xPaTA®g&I0i0m992 t he
assay inlets on the DA. 4. Follow the BioMark Real -Time PCR Anal ysi s

Sof tware Qui ck Reference Card (PN 68000089) for conplete running

i nstructions pf ..M cr oRNA and/ or

f | -ti B) De .
Sgal I nR:\lA E:glll ecitfcTareet At i 8ts B I.?: ficatignl, yz: ng mi CL(():RR(NQN
in si Bi )
o105 g AR S A T T

concentrafbll@wmgaiﬁbléot al nucl e| c acid. Both m RNAs and smal|l RNA species

(UB) can be exam' ned. Thi s protocol

descri bes the | aboratory procedures and

r eagent

as 100 p
anplifidg
MegaPl eX

nts f
i co egetio
ation tSPRM ﬁles I
(tm Pools for both 1

, anal

Wdlﬂﬂlerfb
10

A (- ceﬁ}%: ]?e?tg{é?ﬁ
e

nthis l e, the
everse transcriptiorn

Valund PRS0 ERitoRs

g spe gIC targe
protocol ilizes t
1 (RT) and specific

little

—t

he
t ar get

anplifid
each ind

at 1 o0 TagWh ~ PreNh\PPI
| ude Ul@/{ésﬁbr%&% unlls_\gue

ied Bi oSystens. WVEQE
> primer pagrs, makin

iPrex(tm A and B po
1g it posgjple to us

ol s
e the

sane sa
Reagent s
(I'nvitrag

t o anat
f1§?< Mrgahei's Péggﬁﬁp R

gen, catmimgsnunbers,

i fferent m RNAS W T

NA species CellsDirec

11753- 190 and 11753

mnimat sanpte 1 n
t(tm One-Step qRT-
3- 500) Opgponal :

ut.
PCR ki t

SUPERasH

(Applie

-Tn(tm (Ambion, PN

VP694)  Taqvan( ) Uni

Bi osyst i3l PN 43044

versal V ivaster N

37) TE Biffer (Tect

X

lInova) Pr ring the

Megapl ex (RT) Reaction Mx and reverse transcription of RNA 1. Prepare the
RT reaction mx in a 1.5 nL mcro centrifuge tube according to the
fol | oW n@.t abléorex addrcertxifidecS TAIbcgeniiy. sever al
centrifuge briefly to collect contents.

tinmes to mx thoro

3. Aliquot 3 uL of the STA reaction mix to each reaction well of a multi-well plate.
4. Add 2 pL of reversed transcribe RNA from above to each reaction.
5. Vortex the reaction plate and spin down.
6. Incubate the plate on ice for 5 minutes.
10 7. Run the STA protocol according to the table below:
Stage Temperature Time Cycles
10 min
Hot Start 95°C 1
Anneal 55°C 2 min 1
Extend 72°C 2 min 1
15 sec
Denature 95°C 15-to-18
Anneal/Extend 60°C 4 min 15-to-18
Hold 99.9°C 10 min 1
hold
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3. Aliquot 4.5 nL of the RT reaction mx into each reaction well of a
multi-well placte. 4. Add 3.5 nL (100 pg to 350 ng) total RNA into each
wel | contwiOnbrgssmsacti on m x. 5. Vortex and centrifuge. PET/USRE00OAI942 t he
plate on ice for 5 mnutes. 7. Thermal cycle the reaction as described in

t he tabl e bel Co nt: T C c be sto -150C to .- 250C for at
| east oné-meﬁﬁv@ﬁa&%@er&]@% %gi‘g}tl&?il@ﬁv ](L‘]i&éghf(h tg&ach reaction, for

preanpl i fi Gaf vBinelof s gPare the STA reaction mix in a 1.5 rnL
m crocentrifuge tube according to the followi ng table: 2. Vortex and

centrifuge ST L ] ' t : T 1 ' o]
each reacti on%\/\%ﬁlﬁ&tgf @;%le 1:l)’uvrv](ral 3 g#g%rggoﬁqneﬁicfggg%ﬁﬁ" Q%Hef%\%g{raggucf% & di
transcri be RNATA omladtobe pedomaahwilb@etlitobe efapiridall dxtetnieed,@adis on pl at e
and spin down. 6. ]ncubate th | ate.on jce for 5 mnutes. 7. Run the STA
pr ot ocol accord(ﬂ‘i’ﬁ‘&ieflbmf?i‘él%%I %QEWBW%&.CLB?IF@% tenplate -1:10 by addi ng 45
m of Low EDTA TE buffer to each reaction, for a final volune of 50 mnl
Comment : STA cycl e, nunbers are_a _reconmmendati on only. The optinmal nunber of
STA cycl es to 2 gl ting pirically determ ned, and is

; : me PCR(amplification
dependent m RNA ahundance in each e. i by r -tinme PCR
(anplifi c,[gﬁg(;n) [ 07§ et oo A% 48 Ko ghs E@hﬁ@t ol Brick Resegy kr1 ow
Qui ck Ref@f:g ek 68006b3OPH G8EAAGBM 9096 REA- Filisi FEiEW 36196 (Real RILARLCR

Wor kf | ow Qui ck Reference Card (PN 68000130) for conplete instructions on
pr epar i nd-and BN 3801 38xfnsIcemplety ingftedtipss en pepa2@] Avaem andiparnplgs £r48. 48
Dyna%c Arrg(éisl FC. If Pool A RT Prinmers and STA Priners have been used,

t hen "up t°0° i ndi vidual TagMan M croRNA assays from Pool A can be sel ected

then up DU i W el ey Dy iR s i B B B Sl ST ccren

for Primers have been used, then up to 48 individual TagMan MicroRNA assays from Pool A

can be selected for running on the DA. If Pool B RT Primers and STA Primers have been
used, then up to 48 individual TagMan MicroRNA assays from Pool B can be selected for
15 running on the DA.

[0127] When running a 96.96 Dynamic Array IFC: If Pool A RT Primers and STA

Primers have been used, then up to 96 individual TagMan MicroRNA assays from Pool A

can be selected for running the DA. If Pool B RT Primers and STA Primers have been

used, then up to 96 individual TagMan MicroRNA assays from Pool B can be selected for
20  running on the DA.

Results

[0128] Typical miRNA expression data (miRNA 30C, Figure 3 or control small
RNA U6, Figure 4) were obtained using a Fluidigm DA. miRNA or small RNA
concentration were measured using varying inputs of total RNA after STA for differing

25 numbers of cycles. EFF indicates PCR efficiency over the dilution series. Figures 5 and 6

below display Ct heat maps of data derived using m48 and m96 DAs.

[0129] Figure 3 shows standard curves generated from STA amplified template

from various starting levels of total RNA. The dilutions for the standards were performed
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running on the DA. [0127] Wen running a 96.96 Dynamc Array |FC. |If Pool A
RT Prinmers and STA Prinmers have been used, then up to 96 individual TagMan
M cr oRNA wie=a1#088250m Pool A can be sel ected for runni ngPCRASDAO/0RF94P00l B
RT Primers and STA Priners have been used, then up to 96 individual TagMan
M cr oRNA ass rom Pool can be selected for running on t DA .Results
[0128) TYBFE D SR URp e S g Hepa e se By deatay Besh - smal |
RNA U6, HRi@Hh€ i¢mankiifePRbRI ABHNHRIVEE o siahiiodhaBh A m RNA or smal | RNA
concentration"were neasured using varying inputs of total RNA after STA for
differin ﬂﬂgbers : I Welel . .Gl oyer: the dilution
series. g?gu es 5 gﬁgﬁégﬁgﬁgaggﬁ%%@ggggé&%gggﬁﬁgégkg%gﬁgﬁg>%@%F%é@ﬂusing
mMi8 and rBen D&EeredtBh2A]g FngurteofIomhBNA, semodstratding ueruakalge nemgtiiadarfty om STA
anplified tenplate fromvari starting |l evels of tot RNA. The dil utions
for tRe 3?%% Smﬁﬂgoﬂ%hﬂﬁgﬁéﬁ%ﬁ allyrs ey npRICTHE CR o demonstrat e
linearity observed with dynamc array PCR This linearity is maintained
fromvarying levels of starting terial. [0130] Figure 4 shows standard
curves ddelvednofocol/Methedoloavo¥ariations j on, but from different starting
amounts of total.RNA . denonstrating remarkaple assay linearity fromthe RT
Srep ¢ hr cigh (TEIGTA B PR ARopf) SRS ARG ray POR. O

Pr ot ocol / Met hadol ogy Variations 1. Variations in the sanple anmount and
reagent Vol unég?reﬁlna%em@g@%@fs TTib Oirampbeycr. wrR Hiferka cycles, up to 24
cycles. 3. Renoving probe fromthe STA reactions to aneliorate accunul ation
of basel ihe fIRpresespobe from the Sdngaetiqes feamelipislacesnulgéencefthaselinget hods
enplg¥inqhBu§C8deing dyes such as SYBR Green or Eva Green. 5. Use of

non-STA (i.e., non-preanplified) nmaterial. An illustrative non-STA approach
?32_ IOP ]? | uﬁf’.i € Cafkrhat® %n%gg G Lgotnl geQec%]con %éthon S rf]:fnrpioyingp BN bitnging %/E:ngurcl:ﬁ_as style
SYBR Green or Eva Green.
5. Use of non-STA (i.e., non-preamplified) material. An illustrative non-STA

approach can include, e.g., polyadenylation of all non-rRNA prior to Eberwine-style run-off
15  transcription. More specifically, some portion of the transcripts in total RNA do not
necessarily contain poly-A tails; therefore, they will be excluded by a poly-A RNA-positive
selection technique, unless poly-A tails are added. An rRNA reduction approach can make
the protocol more robust in handling smaller amounts of total RNA samples. In an
illustrative protocol, four biotinylated LNA RiboMinus probes are designed to specifically
20  bind to the abundant 18S and 28S rRNA species (2 probes each for 18S and 28S rRNA).
Following hybridization of the biotinylated probes to the rRNA molecules in the total RNA
sample, the TRNA is efficiently removed from the sample by the addition of the RiboMinus
Magnetic Beads that are coated with streptavidin. This process is commonly used by
Affymetrix Corp. See. www.affymetrix.com/support/help/fags/wt.../fag_1.jsp. Kits to

25  perform this process are available from Invitrogen (RiboMinus™ Technology).

6. Use of locked nucleic acid bearing primers or other primers bearing modified
nucleotides or phosphodiester bonds (i.e. Exiqon-type approach). In this case,

preamplification may not be required.
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transcription. Mre specifically, some portion of the transcripts in total
RNA do not necessarily contain poly-Atails; therefore, they will be

excl uded w9 2010088350 A RNA- positive sel ection technique, BOTAS301P0RO4A tails
are added. An rRNA reduction approach can nake the protocol nore robust in
handling mal | nts of to . In an |l ustr t|ve rot ocol ,
four bi oth nyl At ERi oo s S el g hech s b Fveitind bi nd t o
the abundgiNa k§smaad K%%%Jaﬁ&iﬁem%:mm(pzB%&%ﬁAga@alﬂsgﬁtaQQ@ﬁm 28S r RNA) .
Fol | owi ng hybridi zation of the biotinylated probes to the rRNA nol ecules in
t he t ot alG@pborgasmpeden) toHecitiRAddngtuadtiancif i A ynd poteveae trlomeechevemepl e by

t he addlalon of. the Ri boM nus Magnetic Beads that are coated with
streptaV|Hﬁ pﬁg 's process is commonly used by Affynmetrix Corp. See.
MMM/affynetrlx.conisupport/help/faqs/mﬂ.../faq_l.jsp. Kits to performthis
process are available fromlInvitrogen (R boMnus(tm Technol ogy). 6. Use of
| ocked nucleic acid bearing prinmers or other priners bearing nodified

nucl eoti des or phosphodi ester bonds (i.e. Exiqgon-type approach). In this
case, preanplification nmay not be required.7. Use of alternate single cel

| ysis methods including use of CelluLyser Lysis and cDNA Synthesis Kits
(avai l abl e from TATAA Bi ocenter AB, (di nsgatan 28411 03 Gdt eborg, Sweden)
to facilitate denaturation of RNA and potentiate enhanced reverse
transcription. CLAIMS What is clainmed is: 1. A nmethod for genotyping a
single cell, said method conprising: (a) perform ng whol e genone
anplification of the genone of a single cell to produce an anplified
genomne; (b) preanplifying the anplified genonme to produce a
preanplification reaction m xture conprising one or nore anplicons specific
for one or nore target nucleic acids; and (c) anplifying and detecting the
one or nore anplicons. 2. A nethod for analyzing RNA froma single cell,
sai d net hod conpri sing:
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(a) preparing DNA fromRNA froma single cell; (b) preanplifying the DNA to
produce a preanplification reaction m xture conprising one or nore

anpl i conswepenvdsszsof or one or nore target nucleic aci dspcans$2@op2@apl i fying
and detecting the one or nore anplicons. 3. The nethod of clainms 1 or 2,
wherein said single cell conprises a manmalian cell. 4. The nethod of claim
3, wherein said single cell is sel ecbiMQm a cell froma preinplantation
enbryo, a stemcell, a suspected cane |, a cell froma pathogenic
organism and a cell obtained froma crime scene. 5. The nethod of claim4,
wherein t | k. dses a human bl astonere. 6. The nethod of claim5,
wher ei n tmcg?ﬁ&% onere is froman eight-cell stage enbryo. 7. The

nmet hod of claim4, wherein the cell conprises a human stemcell.8. The

met hod of claim1l, Wwher el mestaiddonpaiotypgenoreglarnplli saidcatthod compasing: ed out
such that a reaction pl itéeau i S. not r@ﬁﬁhed. 9. The. nethod of claima1,
wherein sai d whol e genorf® amfeTPIREEIEILT geoar BRI IFH Y} OffBF 81ROk 3o

anmpl i ki c%qﬂgypcayglﬁ@%ucggna grirBLhRhof claiml, wherein said whol e genome

anplification is perfornmed for fewer than about 10 anplification cycles.
11. The method of clai m®) wmeanplifsmgdhevropleliqgegrommedorptadbecati on is
performed for t%et ween four and eiﬁ&ht. .cgcl es, incl usli ve. 12.. The net hod of
claim 1, REFEPRIMFLT EPagihal BIGUS SRRPENEE OFF ShPPERTRICL} FHeSH Il °tis'ng a

t echni quenseltagtahclai®midengr oup consisting of priner extension PCR (PEP),
degenerat ed ol 1 gonucl eotide prinmed PCR, ligation-nmediated PCR (LMP), the
TVvbased |inear anplificdfl on aPIHNAS @ Agipctingthe aug ¢4 P anmisPBE ement
anplification

10 2. A method for analyzing RNA from a single cell, said method
comprising:
(a) preparing DNA from RNA from a single cell;
(b) preamplifying the DNA to produce a preamplification
reaction mixture comprising one or more amplicons specific for one or more target nucleic

15  acids; and

(©) amplifying and detecting the one or more amplicons.
3. The method of claims 1 or 2, wherein said single cell comprises a
mammalian cell.
4. The method of claim 3, wherein said single cell is selected from a cell

20  from a preimplantation embryo, a stem cell, a suspected cancer cell, a cell from a

pathogenic organism, and a cell obtained from a crime scene.

5. The method of claim 4, wherein the cell comprises a human

blastomere.

6. The method of claim 5, wherein the human blastomere is from an

25  eight-cell stage embryo.

7. The method of claim 4, wherein the cell comprises a human stem

cell.
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(MDA). 13. The nethod of claim?2, wherein the DNA is cDNA produced by
reverse transcription or anplification of nRNA 14. The nethod of claim 2,
wher ei n twe 2RNASasNpPri ses non-codi ng RNA. 15. The net ho#Cofusediaionasdt,
wherein the non-coding RNA is selected fromthe group consisting of small

nucl eol ar RNA (sno ), Jyicro smal | rfering

and Piw -interacti WRN@e(IB?t%?t(wf@lTﬁléﬁﬁﬂﬁﬁng e%?nz?f“}ﬁafi% %?Ié}sn DNA
is prOdUQ%%Jdrd%l@‘sﬁémhM%QQioﬂq)lm BYof RY&fe@e transcription or
anplification. 17. The nethod of any of the preceding clains, wherein said

preamplification is carrl ed out using one or nore prinmer pairs specific for
said one or nore taPrget Theonethed aiclaisn stherﬁe spidtvisde genoareyangflificagon is

precedin wherein.said catlon is carried out for 8-18
cycl es. %@.ﬁloﬁrﬂ fortnhore ﬁlafl R am ?%1{3%@1 Cryecedl ng clains, wherein said

anplification is carried out u5| ng one or nore primer pairs specific for
said 6ne or nore taiget Theahehed afdlsisn 1, 26herdin8aidBitudelg@iontd amnptiiciBorors 16,
wherein roduced by reverse transcrlptlon which is foll owed by

preanpllfHeEfofP?fE 9 ey ddharbahour Bhpppldticatiorcieles: 21. The method of clains 13,
16, or 20 wherein no probe is present in the preanplification mxture. 22.

The nethod of claing 17 B d&hodbesiLhN0 Ss@lﬁé?elﬁ@%d%ho@g&oﬂ{e' dﬁ?ﬁhfﬁﬁh&%s
anplifies one or nore single nucleotide pol ynorphi sns” ( SNPs)

met hod ofpecioaned f22 betmtven ébur antl eight egdesc mcbisiveai d one or rmre SNPs |s/ are
correlated with the presence of one or rmre geneti c defects. 24. The net hod

of claims 1 of 2 Wierein, the.pkeanphl {1.oatLon, Mty el5 dishrbuted into
separ at e chanbers of a mErBrRes (runew SR WO afpIoT S THIO

10 carried out using a technique selected from the group con51st1ng of primer extension PCR
(PEP), degenerated oligonucleotide primed PCR, ligation-mediated PCR (LMP), the T7-
based linear amplification of DNA (TLAD), and multiple displacement amplification
(MDA).

13. The method of claim 2, wherein the DNA is cDNA produced by

15  reverse transcription or amplification of mRNA.

14. The method of claim 2, wherein the RNA comprises non-coding

RNA.

15. The method of claim 14, wherein the non-coding RNA is selected
from the group consisting of small nucleolar RNA (snoRNA), microRNA (miRNA), small
20  interfering RNA (siRNA), and Piwi-interacting RNAs (piRNA).

16. The method of claim 14, wherein DNA is produced from the non-

coding RNA by reverse transcription or amplification.

17. The method of any of the preceding claims, wherein said
preamplification is carried out using one or more primer pairs specific for said one or more

25  target nucleic acids.
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25. The nethod of claim 24, wherein the mcrofluidic device is fabricated,
at least in part, froman elastoneric material. 26. The nethod of clains 1
or 2, whewei2niodsaespr eanplification and/ or the anplifi carconseaona9a2 ed out
by pol ynerase chain reaction (PCR) 27. The nmethod of clainms 1 or 2,

wherein the presen of .an a cation roduct S determ ne
quantitative real-ﬂ% ﬁ@} nB%iggﬁﬁéﬁﬁh? E?*%%df creggsal he met hod of
claims 1 9EandplifM8ERIsaftiddtiuy 5%l 8 G4, probe is enployed in the
anplification mxtures to detect anplification products. 29. The method of

claim 28, wherein the universal gPCR probe conprises a doubl e-stranded DNA
(dsDNA) dye. 30. Thel%et hidw rr)ffth@d afam’ofthﬁp@cewlémﬁa vheregy saibr e
at| n mxtures to

target- Sp%?p'hiﬁcathl 13 cag*lea 8y CF51ng %Ilrg)or.llﬁore rPe]tmh alr? gg)eflflc (6F ial onG,ormale

detect anplification produ alns €rein the
presence tafgeamuciiphdifid.cati on product is detected using a fluorogenic

nucl ease assay. 32. The assay nethod of claim 31, wherein the presence of
an anplification product is detected using a dual-|abeled f]uorogenic

ol i gonucl eoti de pr AYe. The method of claims 13 or 16, wherein DNA is produced by reverse

transcription, which is followed by preamplification in the same reaction mixture.

21. The method of claims 13, 16, or 20 wherein no probe is present in the

preamplification mixture.

10 22. The method of claims 17 or 19, wherein said one or more primer

pairs amplifies one or more single nucleotide polymorphisms (SNPs).

23. The method of claim 22, wherein the presence of said one or more

SNPs is/are correlated with the presence of one or more genetic defects.

24. The method of claims 1 or 2, wherein the preamplification mixture is

15  distributed into separate chambers of a microfluidic device prior to amplification.

25. The method of claim 24, wherein the microfluidic device is

fabricated, at least in part, from an elastomeric material.

26. The method of claims 1 or 2, wherein the preamplification and/or the

amplification is carried out by polymerase chain reaction (PCR).

20 27. The method of claims 1 or 2, wherein the presence of an
amplification product is determined by quantitative real-time polymerase chain reaction

(qPCR).

28. The method of claims 1 or 2, wherein a universal qPCR probe is

employed in the amplification mixtures to detect amplification products.

25 29. The method of claim 28, wherein the universal qPCR probe
comprises a double-stranded DNA (dsDNA) dye.
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30. The method of claims 1 or 2, wherein one or more target-specific

qPCR probes is employed in the amplification mixtures to detect amplification products.

31. The method of claims 1 or 2, wherein the presence of an

amplification product is detected using a fluorogenic nuclease assay.

32. The assay method of claim 31, wherein the presence of an

amplification product is detected using a dual-labeled fluorogenic oligonucleotide probe.
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