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(57) ABSTRACT 

The present invention provides assay methods that increase 
the number of samples and/0r target nucleic acids that can be 
analyzed in a single assay. In certain embodiments, an assay 
method entails separately subjecting S samples to an encod 
ing reaction that produces a set of T tagged target nucleotide 
sequences, each tagged target nucleotide sequence including 
a sample-speci?c nucleotide tag and a target nucleotide 
sequence. In some embodiments, an assay method entails 
separately subjecting S samples to an encoding reaction that 
produces a set of T tagged target nucleotide sequences, each 
tagged target nucleotide sequence including a ?rst nucleotide 
tag linked to a target nucleotide sequence, Which is linked to 
a second nucleotide tag. In either case, the tagged target 
nucleotide sequences from the S samples can be mixed to 
form an assay mixture and subsequently assayed. 

36 Claims, 9 Drawing Sheets 
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METHODS FOR DETECTING MULTIPLE 
TARGET NUCLEIC ACIDS IN MULTIPLE 
SAMPLES BY USE NUCLEOTIDE TAGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. provisional 
application Nos. 61/092,010, ?led Aug. 26, 2008; 61/098, 
621, ?led Sep. 19, 2008; and 61/146,567, ?led Jan. 22, 2009, 
which are hereby incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

The present invention relates generally to the area of high 
throughput assays for detection of particular target nucleic 
acids. In particular, the invention relates to methods for 
increasing the number of samples and/or targets that can be 
analyzed in a single assay. 

BACKGROUND OF THE INVENTION 

The ability to detect speci?c nucleic acid sequences in a 
sample has resulted in new approaches in diagnostic and 
predictive medicine, environmental, food and agricultural 
monitoring, molecular biology research, and many other 
?elds. 

Additional methods, especially methods that allow detec 
tion of many targets and/or the analysis of many samples 
simultaneously across a broad range of concentrations in a 
sample would be of great bene?t. 

SUMMARY OF THE INVENTION 

The invention provides a ?rst assay method for detecting a 
plurality of target nucleic acids (i.e., T target nucleic acids, 
where T is an integer greater than one) in a plurality of 
samples. In certain embodiments, the method entails provid 
ing S samples that will be mixed together prior to assay, where 
S is an integer greater than 1. Each of these samples can be 
separately subjected to an encoding reaction that produces a 
set of T tagged target nucleotide sequences, each tagged 
target nucleotide sequence comprising a sample-speci?c 
nucleotide tag and a target nucleotide sequence. For each of 
these S samples (i.e., each of the samples to be combined), the 
tagged target nucleotide sequences can be mixed to form an 
assay mixture. In this manner, samples can be assayed in 
batches, so that, if, e.g., 48 samples are to be analyzed, S can 
be, e.g., 3, which means that 16 assay mixtures are prepared. 
See Example 1 . The assay mixture, or aliquots thereof, can be 
subjected to ampli?cation using S><T unique pairs of ampli 
?cation primers, wherein each ampli?cation primer pair com 
prises: 

a forward or a reverse ampli?cation primer that anneals to 
a target nucleotide sequence; and 

a reverse or a forward ampli?cation primer, respectively, 
that anneals to a sample-speci?c nucleotide tag. For each 
unique primer pair, the presence or, in particular embodi 
ments, amount an ampli?cation product is in the ampli?ca 
tion mixture, or aliquot thereof, is determined. The presence 
or amount of an ampli?cation product indicates the presence 
or amount of a particular target nucleic acid in a particular 
sample. 

In illustrative embodiments of the ?rst assay method, the 
encoding reaction comprises separately subjecting each of 
the S samples to preampli?cation using a distinct set of for 
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2 
ward and reverse preampli?cation primers for each sample to 
produce preampli?ed samples, wherein: 

each preampli?cation primer set comprises T pairs of for 
ward and reverse preampli?cation primers, wherein each 
preampli?cation primer pair is capable of amplifying a par 
ticular target nucleic acid; and 

either all forward preampli?cation primers or all reverse 
preampli?cation primers in a given set comprise a common 
sample-speci?c nucleotide tag. 
The preampli?ed samples for each of the S samples are mixed 
to form an assay mixture (e.g., one assay mixture for each set 
of samples to be analyzed together). The assay mixture can 
then be analyzed by dividing it into up to S><T ampli?cation 
mixtures, and separately subjecting each of the ampli?cation 
mixtures to ampli?cation using a unique pair of ampli?cation 
primers, wherein each ampli?cation primer pair comprises: 

a forward or a reverse ampli?cation primer that anneals to 

a target nucleotide sequence; and 
a reverse or a forward ampli?cation primer, respectively, 

that anneals to a sample-speci?c nucleotide tag. 
The presence or amount of an ampli?cation product in the 
ampli?cation mixtures is determined to determine the pres 
ence or amount of a particular target nucleic acid in a particu 
lar sample. 
The invention provides a second assay method for detect 

ing a plurality of target nucleic acids (i.e., T target nucleic 
acids, where T is an integer greater than one) in a plurality of 
samples. In certain embodiments, the method entails provid 
ing S samples that will be mixed together prior to assay, where 
S is an integer greater than 1. Each of these samples is sepa 
rately subjected to an encoding reaction that produces a set of 
T tagged target nucleotide sequences, each tagged target 
nucleotide sequence comprising a ?rst nucleotide tag linked 
to a target nucleotide sequence, which is linked to a second 
nucleotide tag. For each of these S samples (i.e., each of the 
samples to be combined), the tagged target nucleotide 
sequences are mixed to form an assay mixture. The assay 

mixture, or aliquots thereof, is subjected to ampli?cation 
using S><T unique pairs of ampli?cation primers, wherein 
each ampli?cation primer pair comprises: 

a forward or a reverse ampli?cation primer that anneals to 
a ?rst nucleotide tag; and 

a reverse or a forward ampli?cation primer, respectively, 
that anneals to a second nucleotide tag. 
For each unique primer pair, the presence or amount of an 
ampli?cation product in the ampli?cation mixture, or aliquot 
thereof, is determined. The presence of an ampli?cation prod 
uct indicates the presence or amount of a particular target 
nucleic acid in a particular sample. 

In exemplary embodiments of the second assay method, 
the encoding reaction comprises separately subjecting each 
of the S samples to preampli?cation using a distinct set of 
forward and reverse preampli?cation primers for each sample 
to produce preampli?ed samples, wherein: 

each preampli?cation primer set comprises T pairs of for 
ward and reverse preampli?cation primers, wherein each 
preampli?cation primer pair is capable of amplifying a par 
ticular target nucleic acid; and 

each forward preampli?cation primer comprises a forward 
nucleotide tag, and each reverse preampli?cation primer 
comprises a reverse nucleotide tag; 
The preampli?ed samples for each of the S samples are mixed 
to form an assay mixture. The assay mixture can then be 
analyzed by dividing each assay mixture into up to S><T 
ampli?cation mixtures, and separately subjecting each of the 
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ampli?cation mixtures to ampli?cation using a unique pair of 
ampli?cation primers, wherein each ampli?cation primer 
pair comprises: 

a forward ampli?cation primer that anneals to a forward 
nucleotide tag; and 

a reverse ampli?cation primer that anneals to a reverse 

nucleotide tag. 
The presence or amount of an ampli?cation product present 
in the ampli?cation mixtures is determined. The presence of 
an ampli?cation product indicates the presence or amount of 
a particular target nucleic acid in a particular sample. 

The invention also provides a third assay method, which 
detects a plurality of target nucleic acids (i.e., T target nucleic 
acids) in a sample. The method entails providing T forward 
preampli?cation primers to a sample, wherein each forward 
preampli?cation primer comprises a different target-speci?c 
nucleotide sequence and a set-speci?c nucleotide tag, 
wherein X different forward set-speci?c nucleotide tags are 
employed, and X is an integer that is greater than 1 and less 
than T, whereby T/X primers comprise the same forward 
set-speci?c nucleotide tag. Also provided to the sample are T 
reverse preampli?cation primers, wherein each reverse 
preampli?cation primer comprises a different target-speci?c 
nucleotide sequence and a reverse set-speci?c nucleotide tag, 
wherein Y different reverse set-speci?c nucleotide tags are 
employed, andY is an integer that is greater than 1 and less 
than T, whereby T/Y primers comprise the same reverse set 
speci?c nucleotide tag. The sample is subjected to preampli 
?cation to produce an assay mixture, wherein any preampli 
?cation product produced for a particular target incorporates 
a unique combination of forward and reverse set-speci?c 
nucleotide tags. The assay mixture, or aliquots thereof, to 
ampli?cation using ampli?cation primers wherein each 
ampli?cation primer pair comprises: 

a forward ampli?cation primer that anneals to the forward 
set-speci?c nucleotide tag; and 

a reverse ampli?cation primer that anneals to the reverse 
set-speci?c nucleotide tag. For each unique primer pair, the 
presence or amount of an ampli?cation product in the ampli 
?cation mixture, or aliquot thereof, is determined. The pres 
ence of an ampli?cation product indicates the presence of a 
particular target nucleic acid in the sample. 
A fourth assay method of the invention provides a modular 

approach to detecting a plurality target nucleic acids in a 
sample. This method entails dividing a sample into R ali 
quots, wherein R is an integer greater than 1. Each of the R 
aliquots is separately subjected to an encoding reaction that 
produces a set of T tagged target nucleotide sequences, 
wherein T is the number of target nucleic acids to be detected 
in each aliquot, T being an integer greater than 1. Each tagged 
target nucleotide sequence comprises a ?rst nucleotide tag 5' 
of a target nucleotide sequence, a target nucleotide sequence, 
and a second nucleotide tag 3' of the target nucleotide 
sequence. The combination of nucleotide tags in each of said 
T tagged target nucleotide sequences is unique for every 
tagged target nucleotide sequence in each aliquot. However, 
the same set of ?rst and second nucleotide tag combinations 
is used in the encoding reaction in each of the aliquots. This 
aspect of the method makes it possible to separately subject 
each aliquot to ampli?cation using the same set of T different 
ampli?cation primer pairs for each aliquot. Each primer pair 
includes a ?rst primer that anneals to the ?rst nucleotide tag 
and a second primer that anneals to the second nucleotide tag 
in each tagged target nucleotide sequence. For each unique 
primer pair in each aliquot, the method entails determining 
whether an ampli?cation product is present in the aliquot. The 
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4 
presence of an ampli?cation product indicates the presence of 
a particular target nucleic acid in the sample. 

In a variation of this method, after the encoding reaction, 
each aliquot is divided into T sub-aliquots. One of the T 
different ampli?cation primer pairs is combined with each 
sub-aliquot, and the sub-aliquots are subjected to separate 
ampli?cation reactions. 

In particular embodiments of the above-described meth 
ods, the sample can be a genomic DNA sample. In variations 
of these embodiments, preampli?cation of genomic DNA can 
be conducted in the presence of an amount of a blocking agent 
that is suf?cient to increase speci?c ampli?cation of the target 
nucleic acid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the fol 
lowing description taken in conjunction with the accompany 
ing drawings that illustrate certain speci?c embodiments of 
the present invention. 

FIG. 1 depicts an exemplary matrix-type micro?uidic 
device plan view. 

FIG. 2 shows a graphical depiction of the results of the 
application of a method of the invention for analyzing mul 
tiple target nucleic acids in multiple samples in a genotyping 
study (Example 2). Samples were ampli?ed with forward 
primers bearing 3 different tag sequences. The results are 
shown in the Single TAG view allelograms (top images) 
labeled TAGil, 2, and 3. All samples were clearly differen 
tiated into (circled) homozygote XX, YY or heterozygote XY 
genotypes. Data from the merged genotypes of these allelo 
grams are shown as “Merged 3”. 

FIG. 3 shows the data from the genotyping study of 
Example 2. l6 SNP loci were genotyped using tagging and, 
for comparison, standard methodologies. Untagged samples 
are described as “Truth.” The same untagged samples shown 
in the “Truth” table were compared against samples bearing 
Tag sequences 1, 2, or 3 on the forward primer (“Test”) as 
described in Example 2. Tagged samples display l.4-to-2% 
increase in call rate. All no-called SNPs in Tag 3 were derived 
from a single sample. 

FIG. 4 shows an illustrative setup for analyzing multiple 
target nucleic acids in multiple samples as in, e.g., the gene 
expression study of Example 3. This study employed 3 tag 
groups (1-3) targeting l6 loci. Three sets of 16 forward prim 
ers for amplifying l6 cDNAs were synthesized. If each group 
tags 48 individuals, and 1 sample from each tag group is 
combined, 144 samples can be simultaneously analyzed. 
Before the off-chip tagging reaction, samples were divided 
into each of the 3 tag sets. Each group of 48 samples bears 
either Tag sequence 1, 2, or 3 on the 5' termini of the forward 
primers. Tagging reactions employ an assay-speci?c tagged 
primer and an outer reverse primer. On chip, a nested reverse 
primer can be used. In the example for gene expression, a 
single hydrolysis probe is shown. 

FIG. 5 shows an illustrative generic setup for analyzing 
multiple target nucleic acids in multiple samples. For 
example, allele-speci?c probes (genotyping) or a single probe 
(gene expression) can be used. After combining samples, 
residual primers can be removed using EXOSAP-IT® PCR 
product clean-up (U SB) prior to the PCR step. 

FIG. 6 shows an illustrative generic setup for analyzing 
multiple target nucleic acids in multiple samples, in this case, 
16 assays are performed on 144 samples. Three sets of 16 
forward primers for amplifying l6 loci are synthesized. Each 
tag set also bears Tag sequence 1, 2, or 3 on the 5' primer 
termini. During the off-chip tagging reaction, 32 primers 
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consisting of 16 forward assay primers with tag sequence 1 
and 16 reverse assay-speci?c reverse primers are used. Assay 
speci?c tag primers bearing a different 5' tag sequence (Tag 2) 
and the same sequence reverse primers are used to tag the next 
set of samples. This is also performed with Tag type 3 and 
another set of samples. After tagging 48>< samples with tag set 
1, 48>< samples with tag set 2, and 48x samples with tag set 3, 
one sample per each tag set is combined. This generates 48 
mixed samples, and ef?cient PCR ampli?cation of a speci?c 
target from one of the mixed samples (but not the other two) 
will only occur when the correct tag primer and target speci?c 
reverse primer are added to the pooled samples. 

FIG. 7 shows qPCR data derived from 144 serially diluted 
universal reference cDNA ampli?ed with 3 different tags 
(Tags 10, 48, and 89) targeting 16 different genes (Example 
3). Data are from a single 96.96 array. Since all cDNA 
samples were dilutions of the same sample, the expected 
AACT is 0.965% of assays display a AACT within the high 
lighted target zone of —1 to +1 cycle. 5-of-144 samples 
(~3.5%) have a AACT of 1.0 to 1.4. The two highest outliers 
with a AACT of 1.3 and 1.4 are highlighted by arrows. AACT 
was calculated by subtracting the control ACT gene (Bax) 
from test ACT for each tag/ sample dilution/assay combina 
tion using universal reference cDNA. 

FIG. 8 shows the results of digital PCR on a 12.765 Digital 
Array commercially available from Fluidigm Corp. (South 
San Francisco, Calif.). Human genomic DNA was preampli 
?ed in the presence of varying amounts of tRNA and then 
analyzed by digital PCR, as described in Example 4. Speci? 
cally, preampli?cation was performed on human genomic 
DNA, using protocols described in Qin 1., Jones R C, 
Ramakrishnan R. (2008) Studying copy number variations 
using a nano?uidicplalform NucleicAcids Research, Vol. 36, 
No. 18 e1 16 on the GENEAMP® PCR system 9700 (Applied 
Biosystems, CA) in a 25 ul reaction containing 1>< PreAmp 
master mix (Applied Biosystems, CA), 900 nM primers, ~10 
ng of DNA sample and differing amount of tRNA. Samples 
were diluted and analyzed on the digital array as described in 
Qin et al. Equal amounts of genomic DNA were used in all 
panels shown. The upper two panels show the negative con 
trolsipreampli?cation conducted in the absence of tRNA, 
while the next two pairs of panels show the effects of adding 
either 2 ug/ul or 3 ug/ul tRNA to the preampli?cation reaction 
mix. It is clear that the addition of tRNA increases the inten 
sity of the speci?c ampli?cation signal and suppresses back 
ground. 

FIG. 9 shows the effect of adding tRNA to preampli?cation 
reaction mixtures on the quality of speci?c ampli?cation 
curve. The plots shown in FIG. 9 are from the experiment 
described in Example 4 and re?ect real time PCR plots from 
the same same chip panels shown in FIG. 8. The ?rst panel 
shows the ampli?cation plot in the absence of tRNA in the 
preampli?cation mix, and the second and third panels show 
the effect when either 2 ug/ul or 3 ug/ul of tRNA was included 
in the preampli?cation reaction mix, respectively. The ampli 
?cation plots con?rm the observation from FIG. 8 that the 
addition of tRNA increases the total amount of speci?c ampli 
?able signal, (increase number of hits) and also show that the 
addition of tRNA improves the quality of ampli?cation (pos 
sibly by improving the ef?ciency of PCR). 

DETAILED DESCRIPTION 

The present invention provides methods for increasing the 
number of samples that can be analyzed for one or multiple 
targets in a single assay, as well as methods for increasing the 
number of targets that can be analyzed in a sample, while 
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6 
minimizing increases in assay cost. The methods are particu 
larly well-suited for increasing the ef?ciency of assays per 
formed on matrix-type micro?uidic devices. 

It is understood that the invention is not limited to the 
particular methodology, protocols, and reagents, etc., 
described herein, as these can be varied by the skilled artisan. 
It is also understood that the terminology used herein is used 
for the purpose of describing particular illustrative embodi 
ments only, and is not intended to limit the scope of the 
invention. It also noted that as used herein and in the 
appended claims, the singular forms “a,” “an,” and “the” 
include the plural reference unless the context clearly dictates 
otherwise. Thus, for example, a reference to “a cell” is a 
reference to one or more cells and equivalents thereof known 
to those skilled in the art. 

The embodiments of the invention and the various features 
and advantageous details thereof are explained more fully 
with reference to the non-limiting embodiments and 
examples that are described and/or illustrated in the accom 
panying drawings and detailed in the following description. It 
should be noted that the features illustrated in the drawings 
are not necessarily drawn to scale, and features of one 
embodiment may be employed with other embodiments as 
the skilled artisan would recognize, even if not explicitly 
stated herein. Descriptions of well-known components and 
processing techniques may be omitted so as to not unneces 
sarily obscure the embodiments of the invention. 

DEFINITIONS 

Terms used in the claims and speci?cation are de?ned as 
set forth below unless otherwise speci?ed. These terms are 
de?ned speci?cally for clarity, but all of the de?nitions are 
consistent with how a skilled artisan would understand these 
terms. 

The term “adjacent,” when used herein to refer two nucle 
otide sequences in a nucleic acid, can refer to nucleotide 
sequences separated by 0 to about 20 nucleotides, more spe 
ci?cally, in a range of about 1 to about 10 nucleotides, or 
sequences that directly abut one another. In addition, two 
primers may be said to be adjacent if they overlap, for 
example adjacent primers can overlap by about 1 to about 4 
nucleotides. 
The term “nucleic acid” refers to a nucleotide polymer, and 

unless otherwise limited, includes known analogs of natural 
nucleotides that can function in a similar manner (e.g., 
hybridize) to naturally occurring nucleotides. 
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 mRNA, usually 
obtained by reverse transcription of messenger RNA 
(mRNA) or by ampli?cation; DNA molecules produced syn 
thetically or by ampli?cation; and mRNA. 

The term nucleic acid encompasses double- or triple 
stranded nucleic acid, as well as single-stranded molecules. 
In double- or triple-stranded nucleic acids, the nucleic acid 
strands need not be coextensive (i.e, a double-stranded 
nucleic acid need not be double-stranded along the entire 
length of both strands). 
The term nucleic acid also encompasses any chemical 

modi?cation thereof, such as by methylation and/or by cap 
ping. Nucleic acid modi?cations can include addition of 
chemical groups that incorporate additional charge, polariz 
ability, hydrogen bonding, electrostatic interaction, and func 
tionality to the individual nucleic acid bases or to the nucleic 
acid as a whole. Such modi?cations may include base modi 
?cations such as 2'-position sugar modi?cations, 5-position 
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pyrimidine modi?cations, 8-position purine modi?cations, 
modi?cations at cytosine exocyclic amines, substitutions of 
5-bromo-uracil, backbone modi?cations, unusual base pair 
ing combinations such as the isobases isocytidine and 
isoguanidine, and the like. 
More particularly, in certain embodiments, nucleic acids, 

can include 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 con 
taining normucleotidic backbones, for example, polyamide 
(e.g., peptide nucleic acids (PNAs)) and polymorpholino 
(commercially available from the Anti-Virals, Inc., Corvallis, 
Oreg., as Neugene) polymers, and other synthetic sequence 
speci?c nucleic acid polymers providing that the polymers 
contain nucleobases in a con?guration which allows for base 
pairing and base stacking, such as is found in DNA and RNA. 
The term nucleic acid also encompasses linked nucleic acids 
(LNAs), which are described in US. Pat. 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. 

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 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 replication, PCR 
ampli?cation, reverse transcription, or from a combination of 
those processes. 

The term “target nucleic acids” is used herein to refer to 
particular nucleic acids to be detected in the methods of the 
invention. 
As used herein the term “target nucleotide sequence” refers 

to a molecule that includes the nucleotide sequence of a target 
nucleic acid, such as, for example, the ampli?cation product 
obtained by amplifying a target nucleic acid or the cDNA 
produced upon reverse transcription of an RNA target nucleic 
acid. 
As used herein, the term “complementary” refers to the 

capacity for precise pairing between two nucleotides. I.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 complemen 
tary to one another at that position. Complementarity between 
two single-stranded nucleic acid 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 degree of complementarity 
between nucleic acid strands has signi?cant effects on the 
ef?ciency and strength of hybridization between nucleic acid 
strands. 

“Speci?c hybridization” refers to the binding of a nucleic 
acid to a target nucleotide sequence in the absence of substan 
tial binding to other nucleotide sequences present in the 
hybridization mixture under de?ned stringency conditions. 
Those of skill in the art recognize that relaxing the stringency 
of the hybridization conditions allows sequence mismatches 
to be tolerated. 

In particular embodiments, hybridizations are carried out 
under stringent hybridization conditions. The phrase “strin 
gent hybridization conditions” generally refers to a tempera 
ture in a range from about 5° C. to about 20° C. or 25° C. 
below than the melting temperature (Tm) for a speci?c 
sequence at a de?ned ionic strength and pH. As used herein, 
the Tm is the temperature at which a population of double 
stranded nucleic acid molecules becomes half-dissociated 
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8 
into single strands. Methods for calculating the Tm of nucleic 
acids are well known in the art (see, e. g., Berger and Kimmel 
(1987) METHODS IN ENZYMOLOGY, VOL. 152: GUIDE 
TO MOLECULAR CLONING TECHNIQUES, San Diego: 
Academic Press, Inc. and Sambrook et al. (1989) MOLECU 
LAR CLONING: A LABORATORY MANUAL, 2ND ED., 
VOLS. 1-3, Cold Spring Harbor Laboratory), both incorpo 
rated herein by reference). As indicated by standard refer 
ences, a simple estimate of the Tm value may be calculated by 
the equation: Tm:8l.5+0.4l(% G+C), when a nucleic acid is 
in aqueous solution at l 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 
nature of the target nucleic acid (DNA, RNA, base composi 
tion, 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, polyeth 
ylene glycol). The effects of these factors are well known and 
are discussed in standard references in the art. Exemplary 
stringent conditions suitable for achieving speci?c hybridiza 
tion of most sequences are: a temperature of at least about 60° 
C. and a salt concentration of about 0.2 molar at pH7. 
The term “oligonucleotide” is used to refer to a nucleic acid 

that is relatively short, generally shorter than 200 nucleotides, 
more particularly, shorter than 100 nucleotides, most particu 
larly, shorter than 50 nucleotides. Typically, oligonucleotides 
are single-stranded DNA molecules. 
The term “primer” refers to an oligonucleotide that is 

capable of hybridizing (also termed “annealing”) with a 
nucleic acid and serving as an initiation site for nucleotide 
(RNA or DNA) polymerization under appropriate conditions 
(i.e., in the presence of four different nucleoside triphos 
phates and an agent for polymerization, such as DNA or RNA 
polymerase or reverse transcriptase) in an appropriate buffer 
and at a suitable temperature. The appropriate length of a 
primer depends on the intended use of the primer, but primers 
are typically at least 7 nucleotides long and, more typically 
range from 10 to 30 nucleotides, or even more typically from 
15 to 30 nucleotides, in length. Other primers can be some 
what longer, e.g., 30 to 50 nucleotides long. In this context, 
“primer lengt ” refers to the portion of an oligonucleotide or 
nucleic acid that hybridizes to a complementary “target” 
sequence and primes nucleotide synthesis. Short primer mol 
ecules generally require cooler temperatures to form suf? 
ciently stable hybrid complexes with the template. A primer 
need not re?ect the exact sequence of the template but must be 
suf?ciently complementary to hybridize with a template. The 
term “primer site” or “primer binding site” refers to the seg 
ment of the target nucleic acid to which a primer hybridizes. 
A primer is said to anneal to another nucleic acid if the 

primer, or a portion thereof, hybridizes to a nucleotide 
sequence within the nucleic acid. The statement that a primer 
hybridizes to a particular nucleotide sequence is not intended 
to imply that the primer hybridizes either completely or 
exclusively to that nucleotide sequence. For example, in cer 
tain embodiments, ampli?cation primers used herein are said 
to “anneal to a sample-speci?c nucleotide tag.” This descrip 
tion encompasses primers that anneal wholly to the nucle 
otide tag, as well as primers that anneal partially to the nucle 
otide tag and partially to an adjacent nucleotide sequence, 
e.g., a target nucleotide sequence. Such hybrid primers can 
increase the speci?city of the ampli?cation reaction. 
The term “primer pair” refers to a set of primers including 

a 5' “upstream primer” or “forward primer” that hybridizes 
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with the complement of the 5' end of the DNA sequence to be 
ampli?ed and a 3' “downstream primer” or “reverse primer” 
that hybridizes with the 3' end of the sequence to be ampli?ed. 
As will be recognized by those of skill in the art, the terms 
“upstream” and “downstream” or “forward” and “reverse” 
are not intended to be limiting, but rather provide illustrative 
orientation in particular embodiments. 
Aprimer pair is said to be “unique” if it can be employed to 

speci?cally amplify a particular target nucleotide sequence in 
a given ampli?cation mixture. 
A second primer pair is “nested” relative to a ?rst primer 

pair if the ?rst primer pair is employed to amplify a ?rst 
ampli?cation product and then the second primer pair is 
employed to amplify a target nucleotide sequence within the 
?rst ampli?cation product. Nesting can be used increase the 
speci?city of the ampli?cation reaction. 
A “probe” is a nucleic acid capable of binding to a target 

nucleic acid of complementary sequence through one or more 
types of chemical bonds, generally through complementary 
base pairing, usually through hydrogen bond formation, thus 
forming a duplex structure. The probe binds or hybridizes to 
a “probe binding site.” The probe can be labeled with a detect 
able label to permit facile detection of the probe, particularly 
once the probe has hybridized to its complementary target. 
Alternatively, however, the probe may be unlabeled, but may 
be detectable by speci?c binding with a ligand that is labeled, 
either directly or indirectly. Probes can vary signi?cantly in 
size. Generally, probes are at least 7 to 15 nucleotides in 
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). 

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 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) are generally desirably perfectly comple 
mentary to corresponding bases of the target nucleic acid 
sequence. Primer and probes typically anneal to the target 
sequence under stringent hybridization conditions. 
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 chromosome 
from which that sequence derives, or the identity of the 
sample from which the target nucleotide sequence was 
derived. In certain embodiments, such information may be 
encoded in one or more nucleotide tags, e.g., a combination of 
two nucleotide tags, one on either end of a target nucleotide 
sequence, can encode the identity of the target nucleotide 
sequence. 
As used herein, the term “encoding reaction” refers to 

reaction in which at least one nucleotide tag is added to a 
target nucleotide sequence. Nucleotide tags can be added, for 
example, by an “encoding PCR” in which the at least one 
primer comprises a target-speci?c portion and a nucleotide 
tag located on the 5' end of the target-speci?c portion, and a 
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10 
second primer that comprises only a target-speci?c portion or 
a target-speci?c portion and a nucleotide tag located on the 5' 
end of the target-speci?c portion. For illustrative examples of 
PCR protocols applicable to encoding PCR, see pending WO 
Application USO3/37808 as well as U.S. Pat. No. 6,605,451. 
Nucleotide tags can also be added by an “encoding ligation” 
reaction that can comprise a ligation reaction in which at least 
one primer comprises a target-speci?c portion and nucleotide 
tag located on the 5' end of the target-speci?c portion, and a 
second primer that comprises a target-speci?c portion only or 
a target-speci?c portion and a nucleotide tag located on the 5' 
end of the target speci?c portion. Illustrative encoding liga 
tion reactions are described, for example, in Us. Patent Pub 
lication No. 2005/ 0260640, which is hereby incorporated by 
reference in its entirety, and in particular for ligation reac 
tions. An encoding reaction, such as encoding PCR, can be 
carried out in 1 cycle, which is suf?cient to add a single 
nucleotide tag. Alternatively, an encoding reaction, such as 
encoding PCR, can be carried out for multiple cycles to 
preamplify target nucleic acids (e.g., to increase concentra 
tion). 
As used herein an “encoding reaction” produces a “tagged 

target nucleotide sequence,” which includes a nucleotide tag 
linked to a target nucleotide sequence. 
The term “sample- speci?c” nucleotide tag is used herein to 

refer to a nucleotide tag that encodes the identity of the 
sample of the target nucleotide sequence to which the tag is, 
or becomes, linked in an encoding reaction. 
As used herein with reference to a portion of a primer, the 

term “target-speci?c nucleotide sequence” refers to a 
sequence that can speci?cally anneal to a target nucleic acid 
or a target nucleotide sequence under suitable annealing con 
ditions. 
A “common” sample-speci?c nucleotide tag refers to a tag 

having a speci?c nucleotide sequence that is, or becomes, 
linked to all target nucleotide sequences produced during an 
encoding reaction, such that all tagged target nucleotide 
sequences produced from a given sample are each identi?ed 
by a tag having the same sequence. 
A “set-speci?c nucleotide tag” is a tag that is, or becomes, 

linked to a plurality of target nucleotide sequences. In certain 
embodiments of the invention, an assay mixture can comprise 
multiple tagged target nucleotide sequence sequences having 
different set-speci?c nucleotide tags at either end that, in 
combination, uniquely identify each tagged target nucleotide 
sequence. 
The phrase “a distinct set of forward and reverse primers” 

refers to a set of primers that is distinguishable from any other 
sets of primers employed in an assay. Such a set of primers 
can be used to introduce sample-speci?c nucleotide tags. 

Ampli?cation according to the present teachings encom 
passes any means by which at least a part of at least one target 
nucleic acid is reproduced, typically in a template-dependent 
manner, including without limitation, a broad range of tech 
niques for amplifying nucleic acid sequences, either linearly 
or exponentially. Exemplary means for performing an ampli 
fying step include ligase chain reaction (LCR), ligase detec 
tion reaction (LDR), ligation followed by Q-replicase ampli 
?cation, PCR, primer extension, strand displacement 
ampli?cation (SDA), hyperbranched strand displacement 
ampli?cation, multiple displacement ampli?cation (MDA), 
nucleic acid strand-based ampli?cation (NASBA), two-step 
multiplexed ampli?cations, rolling circle ampli?cation 
(RCA), and the like, including multiplex versions and com 
binations thereof, for example but not limited to, OLA/PCR, 
PCR/OLA, LDR/PCR, PCR/PCR/LDR, PCR/LDR, LCR/ 
PCR, PCR/LCR (also known as combined chain reactioni 
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CCR), digital ampli?cation, and the like. Descriptions of such 
techniques can be found in, among other sources, Ausbel et 
al.; PCR Primer: A Laboratory Manual, Diffenbach, Ed., 
Cold Spring Harbor Press (1995); The Electronic Protocol 
Book, Chang Bioscience (2002); Msuih et al., J. Clin. Micro. 
34:501-07 (1996); The Nucleic Acid Protocols Handbook, R. 
Rapley, ed., Humana Press, Totowa, N.J. (2002); Abramson et 
al., Curr Opin Biotechnol. 1993 February; 4(1):41-7, US. 
Pat. No. 6,027,998; US. Pat. No. 6,605,451, Barany et al., 
PCT Publication No. WO 97/31256; Wenz et al., PCT Publi 
cation No. WO 01/92579; Day et al., Genomics, 29(1): 152 
162 (1995), Ehrlich et al., Science 252: 1 643-50 (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); Belgrader, Barany, and Lubin, Development of a 
Multiplex Ligation Detection Reaction DNA Typing Assay, 
Sixth International Symposium on Human Identi?cation, 
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 88:188-93 (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 (1992); Polstra et al., BMC Inf. Dis. 2:18 
(2002); Lage et al., Genome Res. 2003 February; 13(2):294 
307, and Landegren et al., Science 241:1077-80 (1988), 
Demidov, V., Expert Rev Mol. Diagn. 2002 November; 2(6): 
542-8., Cook et al., J Microbiol Methods. 2003 May; 53(2): 
165-74, Schweitzer et al., Curr Opin Biotechnol. 2001 Feb 
ruary; 12(1):21-7, US. Pat. No. 5,830,711, US. Pat. No. 
6,027,889, US. Pat. No. 5,686,243, PCT Publication No. 
W00056927A3, and PCT Publication No. WO9803 673A1. 

In some embodiments, ampli?cation comprises at least one 
cycle of the sequential procedures of: annealing at least one 
primer with complementary or substantially complementary 
sequences in at least one target nucleic acid; synthesizing at 
least one strand of nucleotides in a template-dependent man 
ner using a polymerase; and denaturing the newly-formed 
nucleic acid duplex to separate the strands. The cycle may or 
may not be repeated. Ampli?cation can comprise thermocy 
cling or can be performed isothermally. 

The term “qPCR” is used herein to refer to quantitative 
real-time polymerase chain reaction (PCR), which is also 
known as “real-time PCR” or “kinetic polymerase chain reac 
tion.” 

The term “digital ampli?cation” is used herein to refer to an 
ampli?cation method in which identical (or substantially 
similar) ampli?cation reactions are run on a nucleic acid 
sample, such as genomic DNA. Generally, the quantity of 
nucleic acid subjected to digital ampli?cation is generally 
selected such that, when distributed into discrete reaction 
mixtures, each individual ampli?cation reaction is expected 
to include one or fewer ampli?able nucleic acids. The con 
centration of any target amplicon (copies/uL) is correlated 
with the number of positive (i.e., ampli?cation product-con 
taining) reaction mixtures. See copending US. application 
Ser. No. 12/ 170,414, entitled “Method and Apparatus for 
Determining Copy Number Variation Using Digital PCR,” 
which is incorporated by reference for all purposes, and, in 
particular, for analysis of digital PCR results. Also see Dube 
et al., 2008, “Mathematical Analysis of Copy Number Varia 
tion in a DNA Sample Using Digital PCR on a Nano?uidic 
Device” PLoS ONE 3(8): e2876. Where PCR is used for 
ampli?cation, digital ampli?cation is termed “digital PCR.” 
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A “reagent” refers broadly to any agent used in a reaction, 

other than the analyte (e.g., nucleic acid being analyzed). 
Exemplary reagents for a nucleic acid ampli?cation reaction 
include, but are not limited to, buffer, metal ions, polymerase, 
reverse transcriptase, primers, template nucleic acid, nucle 
otides, labels, dyes, nucleases, and the like. Reagents for 
enzyme reactions include, for example, substrates, cofactors, 
buffer, metal ions, inhibitors, and activators. 
The term “universal detection probe” is used herein to refer 

to any probe that identi?es the presence of an ampli?cation 
product, regardless of the identity of the target nucleotide 
sequence present in the product. 
The term “universal qPCR probe” is used herein to refer to 

any such probe that identi?es the presence of an ampli?cation 
product during qPCR. In particular embodiments, nucleotide 
tags according to the invention can comprise a nucleotide 
sequence to which a detection probe, such as a universal 
qPCR probe binds. Where a tag is added to both ends of a 
target nucleotide sequence, each tag can, if desired, include a 
sequence recognized by a detection probe. The combination 
of such sequences can encode information about the identity, 
chromosomal origin, or sample source of the tagged target 
nucleotide sequence. In other embodiments, one or more 
ampli?cation primers can comprise a nucleotide sequence to 
which a detection probe, such as a universal qPCR probe 
binds. In this manner, one, two, or more probe binding sites 
can be added to an ampli?cation product during the ampli? 
cation step of the methods of the invention. Those of skill in 
the art recognize that the possibility of introducing multiple 
probe binding sites during preampli?cation (if carried out) 
and ampli?cation facilitates multiplex detection, wherein two 
or more different ampli?cation products can be detected in a 
given ampli?cation mixture or aliquot thereof. 
The term “universal detection probe” is also intended to 

encompass primers labeled with a detectable label (e.g., a 
?uorescent label), as well as non-sequence-speci?c probes, 
such as DNA binding dyes, including double-stranded DNA 
(dsDNA) dyes, such as SYBR Green. 
The term “target-speci?c qPCR probe” is used herein to 

refer to a qPCR probe that identi?es the presence of an ampli 
?cation product during qPCR, based on hybridization of the 
qPCR probe to a target nucleotide sequence present in the 
product. 

“Hydrolysis probes” are generally described in US. Pat. 
No. 5,210,015, which is incorporated herein by reference in 
its entirety for its description of hydrolysis probes. Hydroly 
sis probes take advantage of the 5'-nuclease activity present in 
the therrnostable Taq polymerase enzyme typically used in 
the PCR reaction (TAQMAN® probe technology, Applied 
Biosystems, Foster City Calif.). The hydrolysis probe is 
labeled with a ?uorescent detector dye such as ?uorescin, and 
an acceptor dye or quencher. In general, the ?uorescent dye is 
covalently attached to the 5' end of the probe and the quencher 
is attached to the 3' end of the probe, and when the probe is 
intact, the ?uorescence of the detector dye is quenched by 
?uorescence resonance energy transfer (FRET). The probe 
anneals downstream of one of the primers that de?nes one end 
of the target nucleic acid in a PCR reaction. Using the poly 
merase activity of the Taq enzyme, ampli?cation of the target 
nucleic acid is directed by one primer that is upstream of the 
probe and a second primer that is downstream of the probe but 
anneals to the opposite 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 phos 
phodiester bonds of the probe. The hydrolysis reaction irre 
vocably releases the quenching effect of the quencher dye on 
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the reporter dye, thus resulting in increasing detector ?uores 
cence with each successive PCR cycle. In particular, hydroly 
sis probes suitable for use in the invention 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 Tm of about 70° C. enabled by the use of linked 
nucleic acid (LNA) analogs. 

The term “label,” as used herein, refers to any atom or 
molecule that can be used to provide a detectable and/or 
quanti?able 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, ?uorophores, chromophores, mass 
labels, electron dense particles, magnetic particles, spin 
labels, molecules that emit chemiluminescence, electro 
chemically active molecules, enzymes, cofactors, and 
enzyme substrates. 

The term “dye,” as used herein, generally refers to any 
organic or inorganic molecule that absorbs electromagnetic 
radiation at a wavelength greater than or equal 340 nm. 

The term “?uorescent dye,” as used herein, generally refers 
to any dye that emits electromagnetic radiation of longer 
wavelength by a ?uorescent mechanism upon irradiation by a 
source of electromagnetic radiation, such as a lamp, a photo 
diode, or a laser. 

The term “elastomer” has the general meaning used in the 
art. Thus, for example, Allcock et al. (Contemporary Polymer 
Chemistry, 2nd Ed.) describes elastomers in general as poly 
mers existing at a temperature between their glass transition 
temperature and liquefaction temperature. Elastomeric mate 
rials exhibit elastic properties because the polymer chains 
readily undergo torsional motion to permit uncoiling of the 
backbone chains in response to a force, with the backbone 
chains recoiling to assume the prior shape in the absence of 
the force. In general, elastomers deform when force is 
applied, but then return to their original shape when the force 
is removed. 
A “polymorphic marker” or “polymorphic site” is a locus 

at which nucleotide sequence divergence occurs. Exemplary 
markers have at least two alleles, each 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 restric 
tion fragment length polymorphism (RFLPs), variable num 
ber of tandem repeats (VNTR’s), hypervariable regions, 
minisatellites, dinucleotide repeats, trinucleotide repeats, tet 
ranucleotide repeats, simple sequence repeats, deletions, and 
insertion elements such as Alu. The ?rst identi?ed 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 selectedpopu 
lation is sometimes referred to 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. 
A “single nucleotide polymorphism” (SNP) occurs at a 

polymorphic site occupied by a single nucleotide, which is 
the site of variation between allelic sequences. The site is 
usually preceded by 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 usually 
arises due to substitution of one nucleotide for another at the 
polymorphic site. A transition is the replacement of one 
purine by another purine or one pyrimidine by another pyri 
midine. A transversion is the replacement of a purine by a 
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14 
pyrimidine or vice versa. SNPs can also arise from a deletion 
of a nucleotide or an insertion of a nucleotide relative to a 

reference allele. 
Detection of Multiple Target Nucleic Acids in Multiple 
Samples 

In General 
In various embodiments, methods are provided for detect 

ing a plurality of target nucleic acids (i.e., T target nucleic 
acids, where T is an integer greater than one) in a plurality of 
samples. In certain embodiments, the method entails provid 
ing S samples that will be mixed together (i.e., pooled) prior 
to assay, where S is an integer greater than 1. Each of these 
samples is separately subjected to an encoding reaction that 
produces a set of T tagged target nucleotide sequences, 
wherein each nucleotide tag encodes information about the 
identity and/or sample source of a particular target nucleic 
acid. For each of these S samples (i.e., each of the samples to 
be pooled), the tagged target nucleotide sequences are mixed 
to form an assay mixture. In this manner, samples can be 
assayed in batches, so that, if, e.g., 48 samples are to be 
analyzed, S can be, e.g., 3, which means that 16 assay mix 
tures can be prepared to detect 16 different targets. The ?rst 
assay mixture can contain, e.g., tagged target nucleotide 
sequences from samples 1-3, the second assay mixture can 
contain, e.g., tagged target nucleotide sequences from 
samples 4-6, and so on. See Example 1.An ampli?cation step 
is then carried out, whereby the tagged target nucleotide 
sequences are ampli?ed using at least one primer that anneals 
to at least one nucleotide tag. 

If greater speci?city is desired, one or both ampli?cation 
primers can include one or more nucleotides that are comple 
mentary to the target nucleotide(s) adjacent to the nucleotide 
tag(s), i.e., hybrid ampli?cation primers including target- spe 
ci?c sequences, as well as tag-speci?c sequences can be 
employed. In certain embodiments, the target-speci?c 
sequences are 3' of the tag-speci?c sequences in the primer. 

In principle, the methods described herein are applicable to 
the detection of as many targets in as many samples as 
desired. However, the assay format will often dictate the total 
number of detections that can be performed conveniently 
without multiplexing, for example, by using more than one 
type of label. As discussed in detail below, assay mixtures can 
be aliquoted for separate ampli?cation in, for example, a 
microtiter plate, or, more typically, a matrix-type micro?uidic 
device. In particular embodiments, S (number of samples that 
are mixed)><T (number of targets) de?nes the number of assay 
mixture aliquots, which can be, e.g., 30, 48, 96, 120, or 192 
for analysis on a matrix-type micro?uidic device having the 
corresponding number of isolated reaction chambers. In 
exemplary embodiments, the product of the total number of 
samples assayed in a single assay><T is at least a value selected 
from the group consisting of2304, 3600, 4608, and 9216. As 
those of skill in the art appreciate, additional increases in 
throughput can be achieved by multiplexing, for example, by 
using multiple labels to perform multiple detections in a given 
assay aliquot. 

Target Nucleotide Sequences Tagged with One Sample 
Speci?c Nucleotide Tag 

In particular embodiments, each tagged target nucleotide 
sequence includes a sample-speci?c nucleotide tag and a 
target nucleotide sequence. In such embodiments, the assay 
mixture, or aliquots thereof, is subjected to ampli?cation 
using S><T unique pairs of ampli?cation primers, wherein 
each ampli?cation primer pair includes: 

a forward or a reverse ampli?cation primer that anneals to 
a target nucleotide sequence; and 
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a reverse or a forward ampli?cation primer, respectively, 
that anneals to a sample-speci?c nucleotide tag. Ampli?ca 
tion is therefore dependent upon the presence of a tagged 
target nucleotide sequence that has a particular target nucle 
otide sequence and a particular sample-speci?c tag. Thus, the 
production of an ampli?cation product including these nucle 
otide sequences indicates the presence and, if quantitative 
detection is employed, the amount of a particular target 
nucleic acid in a particular sample. 

The presence or amount of the ampli?cation product of a 
unique primer pair can be detected using any means capable 
of detecting the presence of a target nucleotide sequence in 
combination with a particular sample-speci?c tag. For ease of 
detection, an assay mixture can be analyzed by dividing it into 
up to S><T ampli?cation mixtures, and separately subjecting 
each of the ampli?cation mixtures to ampli?cation using a 
unique pair of ampli?cation primers. In this case, the pres 
ence or amount of an ampli?cation product in a particular 
aliquot indicates the presence or amount of the target nucleic 
acid corresponding to the target-speci?c primer in the sample 
corresponding to the sample-speci?c nucleotide tag. 

The nucleotide sequence of the sample-speci?c nucleotide 
tag encodes sample identity. All tagged target nucleotide 
sequences produced from a given sample can be tagged with 
a common sample-speci?c nucleotide tag, i.e., one that has 
the same nucleotide sequence. Alternatively, every target 
nucleotide sequence in an assay mixture can be tagged with a 
distinct sample-speci?c nucleotide tag, i.e., such that each 
tagged target nucleotide sequence in the assay mixture bears 
a sample-speci?c nucleotide tag having a different nucleotide 
sequence. Thus, if there are three samples that will be pooled 
for analysis of l 6 targets in one assay mixture, tags 1-16 could 
be employed to identify target nucleic acid sequences from 
sample 1, tags 17-32 could be employed to identify target 
nucleic acid sequences from sample 2, and tags 32-48 could 
be employed to identify target nucleic acid sequences from 
sample 3. As those of skill in the art appreciate, sets of tags 
could be employed such that some, but not all, target nucle 
otide sequences from a given sample share a common tag. 
Thus, for example, tag 1 could be employed to identify target 
nucleic acid sequences 1-4 from sample 1, tag 2 could be 
employed to identify target nucleic acid sequences 5-8 from 
sample 1, tag 3 could be employed to identify target nucleic 
acid sequences 9-12 from sample 1, and tag 4 could be 
employed to identify target nucleic acid sequences 13-16 
from sample. In this instance, tags 1-4 would identify sample 
1 target nucleic acid sequences, and similar sets of tags (e.g., 
tags 5-8 and tags 9-12) would identify sample 2 and 3 target 
nucleic acid sequences. 

In exemplary embodiments of this method, the encoding 
reaction entails separately subjecting each of the S samples to 
preampli?cation using a distinct set of forward and reverse 
preampli?cation primers for each sample to produce pream 
pli?ed samples, wherein each preampli?cation primer set 
comprises T pairs of forward and reverse preampli?cation 
primers, wherein each preampli?cation primer pair is capable 
of amplifying a particular target nucleic acid. In addition, all 
forward preampli?cation primers or all reverse preampli?ca 
tion primers in a given set comprise a sample-speci?c nucle 
otide tag, which can, but need not, be a common sample 
speci?c nucleotide tag. The sample-speci?c nucleotide tag is 
generally 5' of the target-speci?c nucleotide sequence in the 
primer. 

The preampli?ed samples for each of the S samples are 
mixed to form an assay mixture (e.g., one assay mixture for 
each set of samples to be analyzed together). The assay mix 
ture can then be analyzed as described above. Each forward 
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preampli?cation primer in a set can include a sample-speci?c 
nucleotide tag, in addition to a target-speci?c nucleotide 
sequence, and each reverse preampli?cation primer in the set 
can include a target-speci?c nucleotide sequence. Altema 
tively, each forward preampli?cation primer in a set can 
include a target-speci?c nucleotide sequence, and each 
reverse preampli?cation primer in each set can include a 
sample-speci?c nucleotide tag, in addition to a target-speci?c 
nucleotide sequence. 

Target Nucleotide Sequences Tagged with Two Nucleotide 
Tags 

In particular embodiments, each tagged target nucleotide 
sequence includes a a ?rst nucleotide tag linked to a target 
nucleotide sequence, which is linked to a second nucleotide 

tag. In such embodiments, the assay mixture, or aliquots 
thereof, is subjected to ampli?cation using S><T unique pairs 
of ampli?cation primers, wherein each ampli?cation primer 
pair includes: 

a forward or a reverse ampli?cation primer that anneals to 
a ?rst nucleotide tag; and 

a reverse or a forward ampli?cation primer, respectively, 
that anneals to a second nucleotide tag. Ampli?cation is there 
fore dependent upon the presence of a tagged target nucle 
otide sequence that has the proper combination of tags. 
The nucleotide sequence of the nucleotide tag can encode 

sample identity in the various ways described above for 
embodiments employing a single sample-speci?c tag. In 
other words, all tagged target nucleotide sequences produced 
from a given sample can be tagged with a common sample 
speci?c nucleotide tag. Alternatively, every target nucleotide 
sequence in an assay mixture can be tagged with a distinct 
sample-speci?c nucleotide tag, or sets of tags could be 
employed such that some, but not all, target nucleotide 
sequences from a given sample share a common tag. Because 
two tags are used, any of these strategies can be employed in 
combination. For example, one tag can be a sample-speci?c 
tag common to all tagged target nucleotide sequences pro 
duced from a given sample, whereas the other tag can be 
distinct for every tagged nucleotide sequence in an assay 
mixture. In certain hi gh- speci?city embodiments, every tag in 
an assay mixture is distinct (different in nucleotide sequence) 
from every other tag in the mixture. 

In exemplary embodiments of this dual tagging method, 
the encoding reaction entails separately subjecting each of 
said S samples to preampli?cation using a distinct set of 
forward and reverse preampli?cation primers for each sample 
to produce preampli?ed samples, wherein each preampli?ca 
tion primer set comprises T pairs of forward and reverse 
preampli?cation primers (i.e., one for each target), wherein 
each preampli?cation primer pair is capable of amplifying a 
particular target nucleic acid. Additionally, each forward 
preampli?cation primer comprises a forward nucleotide tag, 
and each reverse preampli?cation primer comprises a reverse 
nucleotide tag. These tags are generally 5' of the target-spe 
ci?c nucleotide sequence in the primer. 
The preampli?ed samples for each of the S samples are 

mixed to form an assay mixture (e.g., one assay mixture for 
each set of samples to be analyzed together). The assay mix 
ture can then be analyzed by ampli?cation as described gen 
erally above. Each ampli?cation primer pair includes: 

a forward ampli?cation primer that anneals to a forward 
nucleotide tag; and 

a reverse ampli?cation primer that anneals to a reverse 
nucleotide tag. 
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Detection of Multiple Target Nucleic Acids Through Combi 
natorial Tagging 

The invention also provides a dual tagging assay method 
that is useful for detecting a plurality of target nucleic acids in 
a sample. This method entails providing T forward preampli 
?cation primers to a sample, wherein T is the number of 
targets to be detected. Each forward preampli?cation primer 
includes a different target-speci?c nucleotide sequence and a 
set-speci?c nucleotide tag. The set-speci?c nucleotide tag is 
generally 5' of the target-speci?c nucleotide tag. X different 
forward set-speci?c nucleotide tags are employed, andX is an 
integer that is greater than 1 and less than T. Thus, T/X 
primers comprise the same forward set-speci?c nucleotide 
tag. 

Also provided to the sample are T reverse preampli?cation 
primers. Each reverse preampli?cation primer includes a dif 
ferent target-speci?c nucleotide sequence and a reverse set 
speci?c nucleotide tag. The set-speci?c nucleotide tag is gen 
erally 5' of the target-speci?c nucleotide tag. Y different 
reverse set-speci?c nucleotide tags are employed, andY is an 
integer that is greater than 1 and less than T. Thus, T/Y 
primers comprise the same reverse set-speci?c nucleotide 
tag. 

The sample is subjected to preampli?cation to produce an 
assay mixture, wherein any preampli?cation product pro 
duced for a particular target incorporates a unique combina 
tion of forward and reverse set-speci?c nucleotide tags. An 
ampli?cation step is then carried out, whereby the tagged 
target nucleotide sequences are ampli?ed by the proper com 
bination of ampli?cation primers, namely those that anneal to 
the nucleotide tags present in a particular tagged nucleotide 
sequence. 

Thus, where X+Y primers are prepared, X><Y targets can 
be analyzed in a single assay. For example, if X andY are each 
100, only 200 primers need be synthesized to detect 10,000 
target nucleic acids. 

In exemplary embodiments of this method, the ampli?ca 
tion is carried out by dividing the assay mixture into T ampli 
?cation mixtures, and separately amplifying each of said 
ampli?cation mixtures using a unique pair of ampli?cation 
primers. Each ampli?cation primer pair includes: 

a forward ampli?cation primer that anneals to the forward 
set-speci?c nucleotide tag; and 

a reverse ampli?cation primer that anneals to the reverse 
set-speci?c nucleotide tag. 
For each unique primer pair, the presence or amount of an 
ampli?cation product in the ampli?cation mixture, or aliquot 
thereof, is determined. The presence of an ampli?cation prod 
uct indicates the presence of a particular target nucleic acid in 
the sample. 

In principle, the methods of the invention are applicable to 
the detection of as many targets in as many samples as 
desired. However, the assay format will often dictate the total 
number of detections that can be performed conveniently 
without multiplexing, for example, by using more than one 
type of label. In particular embodiments, assay mixtures are 
aliquoted for separate ampli?cation in, for example, a micro 
titer plate, or, more typically, a matrix-type micro?uidic 
device. Current micro?uidic device designs lend themselves 
to assays in which X orY is at least a value selected from 12, 
24, 48, and 96, and where T (the number of targets detected) 
is at least a value selected from the group consisting of 384, 
576, 768, 1152, 2304, 3600, 4608, and 9216. As those of skill 
in the art appreciate, additional increases in throughput can be 
achieved by multiplexing, for example, by using multiple 
labels to perform multiple detections in a given assay aliquot. 
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The invention also contemplates combinations of the tag 

ging methods described above. 
Detection of Multiple Target Nucleic AcidsiModular 
Approach 
The invention also provides an as say method for detecting 

a plurality of target nucleic acids in a sample, wherein the 
target nucleic acids to be detected are divided into sets or 
“modules,” each module of target nucleic acids is tagged with 
the same set of nucleotide tag pairs. Within each module, the 
sets of tag pairs differ from one another, but same set of tag 
pairs is used for each module. Detection can then be carried 
out by amplifying each module with a set of primer pairs that 
anneals to the set of tag pairs. 
More speci?cally, in certain embodiments, the method 

entail dividing a sample into R aliquots, wherein R is an 
integer greater than 1 (e. g., 96). Each of the R aliquots can be 
separately subjected to an encoding reaction that produces a 
set of T tagged target nucleotide sequences, wherein T is the 
number of target nucleic acids to be detected in each aliquot, 
T being an integer greater than one (e.g., 96). Each tagged 
target nucleotide sequence includes a ?rst nucleotide tag 5' of 
a target nucleotide sequence, a target nucleotide sequence, 
and a second nucleotide tag 3' of the target nucleotide 
sequence. The combination of nucleotide tags in each of said 
T tagged target nucleotide sequences is unique for every 
tagged target nucleotide sequence in each aliquot. However, 
the same set of ?rst and second nucleotide tag combinations 
is used in the encoding reaction in each of the aliquots. Thus, 
in certain embodiments, the combination of nucleotide tags in 
each of said T tagged target nucleotide sequences is present in 
a tagged target nucleotide sequence in each of the other ali 
quots, although each tag combination can be attached to a 
different target nucleotide sequence. Accordingly, in particu 
lar embodiments the encoding reaction can produce up to 
R><T (e.g., 96x96:9216) different tagged target nucleotide 
sequences, thus permitting the assay of R><T (e.g., 9216). 

Detection of the tagged target nucleotide sequences can be 
carried out by separately subjecting each aliquot to ampli? 
cation using the same set of T different ampli?cation primer 
pairs for each aliquot, each primer pair including a ?rst primer 
that anneals to the ?rst nucleotide tag and a second primer that 
anneals to the second nucleotide tag in each tagged target 
nucleotide sequence. The presence of an ampli?cation prod 
uct corresponding to each unique primer pair in each aliquot 
indicates the presence of a particular target nucleic acid in the 
sample. 

In certain embodiments, prior to ampli?cation, each ali 
quot can be divided into T sub-aliquots. Then, one of a set of 
T different ampli?cation primer pairs can be combined with 
each sub-aliquot, and the sub-aliquots can be subjected to 
separate ampli?cation reactions. 

In illustrative embodiments, the encoding reaction can be a 
preampli?cation reaction, which may be carried out on a 
micro?uidic device. To increase target nucleic acid concen 
tration prior to encoding, an optional pre-preampli?cation 
reaction can be carried out before the encoding preampli?ca 
tion reaction. The pre-preampli?cation can be carried out in 
multplex. For example, target-speci?c primers for 9216 dif 
ferent target nucleic acids can be employed in one mixture. 
This mixture can then be divided into R:96 aliquots and each 
aliquot subjected to an encoding preampli?cation reaction on 
a micro?uidic device, using T:96 different primer pairs that 
add 96 different nucleotide tag pairs to the target nucleotide 
sequences in each of the 96 aliquots. To increase speci?city, 
the primers employed for preampli?cation can be nested rela 
tive to primers employed for pre-preampli?cation. 






















