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Claims

1. A method for amplifving a plurality of target nucleic acids in a plurality of

samples, the method comprising:

nreparing an amphification mixture for each target nucleic acid. said amplification

mixture comprising:

a forward primer comprising a target-specific portion;

a reverse primer comprising a target-specific portion, wherein the forward

primer additionally comprises a first nucleotide tag and/or the reverse

nrimer additionally comprises a second nucleotide tag:; and

at least one barcode primer comprising a barcode nucleotide sequence and a

first and/or second nucleotide tag-specific portion, wherein the

concentration of the barcode primer is at least 5 fold the concentration of the

forward and/or reverse primer(s);

subjecting each amplification mixture to amplification to produce a plurality of

target amplicons comprising tagged target nucleotide sequences, each comprising {irst

and/or second nucleotide tags flankine the target nucleotide sequence. and at least one

barcode nucleotide sequence at the 5' or 3' end of the target amplicon.

2. The method of claim 1, wherein at least 50 percent of the target amnlicons are

present at greater than 50 percent of the average number of copies of target amplicons

and less than 2-fold the averace number of copies of targel amplicons,

3. The method of claim 2, wherein at least 70 percent, nreferably at least 90%., of the

target amplicons are present at greater than 50 percent of the average number of copies

of target amplicons and less than 2-fold the average number of copies of target

4. The method of claim 2 or claim 3, wherein the target amplicons comprise a DNA

sequencing Lbrary,
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5. The method of any preceding claim, wherein the forward primer additionally

comprises a first nucleotide tag; and/or the reverse primer additionally comprises a

second nucleotide tag: and/or

the concentration of the barcode primer in the amplification mixtures 1s at least

50-fold the concentration of the forward and/or reverse primer(s); and/or

the first and/or second nucleotide tags and/or the barcode nucleotide sequence

are selected so as to avoid substantial annealing to the target nucleic acids: and/or

the barcode nucleotide sequence identifies a particular sample: and/or

wherein the barcode primer comprises a barcode nucleotide sequence and a first

nucleotide tag-specific portion, optionally wherein a plurality of forward primers

comprise the same first nucleotide tag, preferably all forward primers used to amplify

target sequences in each sample comprise the same first nucleotide tag: and/or

the amplification is carried out for at least 3 cvcles to introduce the first and

second nucleotide tags and the barcode nucleotide sequence. preferably the

amplification is carried out for between 5 and 50 cyeles, more nreferably the

amplification is carried out for a sufficient number of eveles to normalize target

amplicon copyv number across targets and across samples and/or

wherein one or more of the forward primer, reverse primer, and barcode primer

comprises at least one additional primer binding site, preferably the barcode primer

comprises at least a first additional primer binding site unstream of the barcode

nucleotide sequence, which is upstream of the first nucleotide tag, more preferably the

reverse primer comprises at least a second additional primer binding site downstream of

the second nucleotide tag, preferably the first and second additional primer binding sites

are capable of being bound by DNA sequencing primers: and/ or

subiecting at least one target amplicon to DNA sequencing,

6. The method of anvy preceding claim, wherein;

the forward primer comoprises an inner forward primer comprising said tareet-

specific portion and said first nucleotide tag;

the reverse primer CONpPrises an inner reverse primer comprising said target-

specific portion and said second nucleotide tag; and
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the amplification mixture comprises two outer primers, wherein one of the outer

primers is said barcode primer, wherein:

a first outer primer comprises said first nucleotide tag-specific portion: and

a second outer primer comprises said second nucleotide tas-specilic portion,

wherein one or both outer primer(s) comprise(s) said barcode nucleotide

sequence, wherein the concentration of the outer primers is at least 5 fold

the concentration of the inner primers.

7. The method of ¢laim 6. wherein:

the first outer primer comprises a first additional primer binding site upstream of

the barcode nucleotide sequence. which is upstream of the first nucleotide tag-specific

the second outer primer comprises a second tag-specific portion, an additional

barcode nucleotide sequence. and downstream thereof, a second additional primer

binding site.

8. The method of claim 5, wherein the forward and reverse primers for each target

are initially combined separately from the sample, and each barcode primer is initially

combined with its corresponding sample, preferably T targets are amplified in

samples, T and S being integers greater than one. the method additionally comprising

preparing SX T amplification mixtures wherein the initiallv combined forward and

reverse primers are added to the initially combined samuoles and barcode nrimers.

9. The method of any preceding claim where the average leneth of the tareet

amplicons is at least 25 bases, optionally at least 50 bases, optionally at least 100 bases,

optionally at least 200 bases, optionally at least 1 kilobase.

10, The method of any preceding claim, wherein the volume of the amplification

mixtures is in the range of about 1 picoliter to about 50 nanoliters: vreferably when

dependent on claim 5 the volume of the amplification mixtures is in the range of about 3

picoliters to about 25 nanoliters.
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11. The method of any preceding claim, wherein the amplification is carried out by

nolvmerase chain reaction (PCR): said method optionally additionally comnrising

subjecting at least one target amplicon to amplification using primers specific for the

first and second nucleotide tags to produce a target amplicon lacking the barcode

nucleotide sequence: and/or

wherein the tareet nucleic acids comprise genomic DNA: and/or

a) the method additionally comprising gquantifyving the amount of target

amplicons in the amplification mixtures, preferably the quantifving

comprises recovering the target amplicons and subjecting them to digital

preferably said digital amplification comprises;

distributing the preamplified target amplicons into discrete reaction

mixtures, wherein each reaction mixture, on average. includes no more

than one amplicon per reaction mixture: and

subjecting the reaction mixtures to amplification:

wherein said digital amplification optionally comprises real-time PCR: or

endpoint PCR; or

b} wherein the presence of a target amplicon is determined by guantitative

real-time polvmerase chain reaction (¢PCR). optionally emnloving a

universal gPCR probe or one or more target-specific gPCR probes: or

¢) wherein the presence of a target amplicon is detected using a fluorogenic

nuclease assav, optionally using a dual-labeled fluoroeenic hyvdrolysis

oligonucleotide probe: and/or

optionally comprising determining the amount of each tarset nucleic acid present

in each sample and/or determining the copy numbers of the target nucleic acids in

cach sample and/or determining the genotypes at loci corresponding to the target

nucleic acids and/or determining the expression levels of the target nucleic acids;

wherein the method is performed to prepare target nucleic acids for sequencing,
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12.  The method of claim 1 or 11, wherein the amplification mixtures are formed in, or

Ko o

distributed into. separate compartments of a microfluidic device prior to amplification

and optionally the microfluidic device is fabricated, at least in part, from an elastomeric

13, The method of anv preceding claim. wherein the target amplicons are recovered

from the amplilication mixtures.

14.  The method of claim 12, wherein, the target amplicons are recovered in a volume

and/or copy number that varies less than about 50% among the recovered target

amplicons.
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CLAIMS

What is claimed is:

1. A method for amplifying a plurality of target nucleic acids in a

plurality of samples, the method comprising:
preparing an amplification mixture for, each target nucleic acid,

said amplification mixture comprising:

a forward primer comprising a target-specific portion;

a reverse primer comprisjhg a target-specific portion,
wherein the forward primer additionally comprises a first nucleotide tag and/or the
reverse primer additionally comprises a second nuc otide tag; and

at least one barcode/primer comprising a barcode
nucleotide sequence and a first and/or second nycleotide tag-specific portion, wherein
the barcode primer is in excess of the forward nd/or reverse primer(s);

subjecting each ampljfication mixture to amplification to

produce a plurality of target amplicons co prising tagged target nucleotide

sequences, each comprising first and/or gecond nucleotide tags flanking the target

nucleotide sequence, and at least one barcode nucleotide sequence at the 5” or 3’ end

2. The method of claim 1, wherein the forward primer

additionally comprises a first n

3. The méthod of claims 1 or 2, wherein the reverse primer

additionally comprises a segond nucleotide tag.

4, THe method of claim 1, wherein the concentration of the

barcode primer in the gmplification mixtures is at least 4-fold the concentration of the

forward and/or reverge primer(s).

5. The method of claim 4, wherein the concentration of the

barcode primer f

the forward anfd/or reverse primer(s).

the amplification mixtures is at least 50-fold the concentration of
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6. The method of claim 1, wherein the first and/or second
nucleotide tags and/or the barcode nucleotide sequence are selected so as 0 avoid

substantial annealing to the target nucleic acids.

7. The method of claim 1, wherein the barcode nycleotide

sequence identifies a particular sample.

8. The method of claims 1 or 7, wherein the barcode primer

comprises a barcode nucleotide sequence and a first nucleotidg tag-specific portion.

9. The method of claim 8, wherein a plfrality of forward primers .

comprise the same first nucleotide tag.

10.  The method of claim 9, whereipl the all forward primers used to

amplify target sequences in each sample comprise tile same first nucleotide tag.

11.  The method of claim 7, wierein the forward and reversc
primers for cach target are initially combined § parately from the sample, and each

barcode primer is initially combined with itg corresponding sample.

12.  The method of claifn 11, wherein T targets aré amplified in S

samples, T and S being integers greater/than one, the method additionally comprising

preparing SxT amplification mixturey wherein the initially combined forward and

reverse primers are added to the iniffally combined samples and barcode primers.

13.  The methgd of claim 1, wherein the amplification is carried out

for at least 3 cyclés to introducé the first and second nucleotide tags and the barcode

nucleotide sequence.

14. Th method of claim 13, wherein the ampliﬁcation is carried

out for between 5 and 50 cycles.

15. / The method of claims 1, wherein the amplification is carried

out for a sufficieny/number of cycles to normalize target amplicon copy number across

targets and acrogs samples.

16.  The method of claim 1, wherein at least 50 percent of the target

amplicons are present at greater than 50 percent of the average number of copies of
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target amplicons and less than 2-fold the average number of copies of target

amplicons.

17. A method for amplifying a plurality of target nuclei¢/acids in a

plurality of samples, the method comprising:
preparing an amplification mixture for each target nucleic acid,

said amplification mixture comprising:

a forward primer comprising a target-specific sequence;

and
a reverse primer comprising a target-specific sequence;
subjecting each amplification mixturg to amplification to

produce a plurality of target nucleotide sequences;
tagging the target nucleotide seqiences to produce a plurality

of target amplicons, each comprising first and/or sec nd nucleotide tags flanking the

target nucleotide sequence;
wherein at least 50 percent of the target amplicons are present

at greater than 50 percent of the average numbger of copies of target amplicons and

less than 2-fold the average number of copief of target amplicons.

18.  The method of clafm 16 or 17, wherein at least 70 percent of

the target amplicons are present at gregter than 50 percent of the average number of

copies of target amplicons and less tjfan 2-fold the avérage number of copies of target

amplicons.

19.  The metHod of claims 16, 17, or 18, wherein the average length

of the target amplicons is at

20. method of claims 16, 17, or 18, wherein the average length

of the target amplicons/is at least 50 bases.

21. / The method of claims 16, 17, or 18, wherein the average length

of the target amplfcons is at least 100 bases.

72 The method of claims 16, 17, or 18, wherein the average length

of the targe/amplicons is at least 200 bases.
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23. The method of claims 16, 17, or 18, wherein the aver3

of the target amplicons is at least 1 kilobase.

24.  The method of claim 16 or 17, wherein at least 99 percent of
the target amplicons are present at greater than 50 percent of the avergge number of
copies of target amplicons and less than 2-fold the average number of copies of target

amplicons.

5. The method of any of the preceding clajms, wherein the

volume of the amplification mixtures is in the range of abouy' 1 picoliter to about 50

nanoliters.

26. The method of claim 17, wherein the volume of the

amplification mixtures is in the range of about 5 picofiters to about 25 nanoliters.

27 The method of claims 1 or ¥7, wherein the amplification
mixtures are formed in, or distributed into, sepayate compartments of a microftuidic

device prior to amplification.

28. The method of claim/27, wherein the microfluidic device is

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

29.  The method of £laims 1 or 17, wherein the amplification is

carried out by polymerase chain reag tion (PCR).

30.  The methol of claim 1 or 17, additionally comprising

recovering the target amplicong from the amplification mixtures.

31.  The rhethod of claim 30, wherein the target amplicons are

recovered in a volume angd/or copy number that varics less than about 50% among the

recovered target amplicons.

The method of claim 30, additionally comprising subjecting at
hlicon to amplification using primers specific for the first and

second nucleotidé tags to produce a target amplicon lacking the barcode nucleotide

sequence,

- 113~




WO 2010/1151540

10

15

20

25

PCT/US2010/629854

33, The method of claims 1 or 17, wherein the target nugleic acids

comprise genomic DNA.

34.  The method of claim 1, wherein one or more of the forward
primer, reverse primer, and barcode primer comprises at least one

binding site.

35.  The method of claim 34, wherein the bafcode primer comprises
at least a first additional primer binding site upstream of the arcode nucleotide

sequence, which is upstream of the first nucleotide tag.

36.  The method of claim 35, whereig the reverse primer comprises
at least a second additional primer binding site downgtream of the second nucleotide

tag.

37.  The method of claim 36,Avherein the first and second
additional primer binding sites are capable o eing bound by DNA sequencing
primers.

38.  The method of cl im 17, wherein the first and second

nucleotide tags are capable of being b fund by DNA sequencing primers.

39.  The methodOf claim 37 or 38, additionally comprising

subjecting at least one target amplicon to DNA sequencing,.

40.  The method of claims 1 or 17, additionally comprising

quantifying the amount of tdrget amplicons in the amplification mixtures.

4]1.  THe method of claim 40, wherein said quantifying comprises

recovering the target gfmplicons and subjecting them to digital amplification.

The method of claim 41, wherein said digital amplification

comprises:
distributing the preamplified target amplicons into discrete

reaction mixfures, wherein each reaction mixture, on average, includes no more than

one ampligbn per reaction mixture; and
subjecting the reaction mixtures to amplification.
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43.  The method of claim 42, wherein said digital amplifjcation

comprises real-time PCR.

44.  The method of claim 42, wherein said digital apiplification

comprises endpoint PCR.

45, The method of claim 42, wherein the ampfification mixtures ar¢

formed in, or distributed into, separate compartments of a mic ofluidic device prior to

amplification.

46.  The method of claim 45, wherein fhe microfluidic device is

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

47.  The method of claims 1 or 17, wherein the presence of a target

amplicon is determined b§ quantitative real-time polymerase chain reaction (qPCR).

48.  The method of claims 1/or 17, wherein 4 universal gPCR probe

is cmployed in the amplification mixtures t¢/detect target amplicons.

49.  The method of clafms 1 or 17, wherein one or more target-
specific gPCR probes is employed in tiie amplification mixtures to detect target

amplicons.

50. The method of claims 1 or 17, wherein the presence of a target

amplicon is detected using a flyérogenic nuclease assay.

51.  The nfethod of claims 1 or 17, wherein the presence of a target

amplicon is detected using/a dual-labeled fluorogenic hydrolysis oligonucleotide

probe.

52. / The method of claims 1 or 17, additionally comprising ‘

determining the anfount of each target nucleic acid present in each sample.

The method of claims 1 or 17, wherein the method is performed

in determining the copy numbers of the target nucleic acids in each sample.

54.  The method of claims 1 or 17, wherein the method is performed

in deterphining the genotypes at loci corresponding to the target nucleic acids.
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35, The method of claims 1 or 17, wherein the method is

in determining the expression levels of the target nucleic acids.

56.  The method of claims 1 or 17, wherein the method is performed

to prepare target nucleic acids for sequencing.

57. A microfluidic device comprising:
a plurality of first input lines;
a plurality of second input lines;
a plurality of sets of first chambers, wherein each set of first
chambers is in fluid communication with one of the plurality of first input lines;

a plurality of sets of second charybers, wherein each set of
second chambers is in fluid communication with one0f the plurality of second input
lines;

a plurality of first pump el¢ments in fluid communication with

a first portion of the plurality of second input lines; and

a plurality of second p elements in fluid communication

with a second portion of the plurality of sg¢ond input lines.

idid/device of claim 57 wherein the first chambers

comprise assay chambers and the segond chambers comprise sample chambers.

59.  The microffuidic device of claim 57 further comprising a set of

valves preventing fluid commugication between samp le chambers making up a set of
sample chambers.
60. The/microfluidic device of claim 59 further comprising a set of

valves preventing fluid fommunication between assay chambers making up a set of

assay chambers and g/sample chamber from each of the sets of sample chambers.

61 The microfluidic device of claim 57 wherein the plurality of

first pump elemgnts comprise a plurality of first valves.

62.  The microfluidic device of claim 57 wherein the plurality of

second pughp elements comprise a plurality of second valves.

-116 -



WO 2010/115154

10

15

20

25

30

0

63. The microfluidic device of claim 57 wherein the mycrofluidic

device comprises elastomeric material.

64. The microfluidic device of claim 57 wherein

plurality of sets of first chambers:
one of the first chambers is in fluid co

second chamber of a first set of second chambers via a fluid lige;
another of the first chambers is in flui communication with a

second chamber of a second set of second chambers via a bther fluid line;
a first valve is operable to obstrugf fluid flow through the fluid

line; and
a second valve is operable to dbstruct fluid flow through the

another fluid line.

65. The microfluidic device/of claim 64 wherein the first valve and

the second valve are actuated using a commgn source.

66. A method of operafing a microfluidic device having an assay

chamber, a sample chamber, and a harygsting port, the method comprising:

closing a fluid fine between the assay chamber and the sample

chamber;
flowing a shmple into the sample chamber via a sample input

line; |
flowing an assay into the assay chamber via an assay input line;
opening the fluid line between the assay chamber and the

sample chamber; »
mbining at least a portion of the sample and at least a portion

mixture;
reacting the mixture to form a reaction product;

of the assay to form

closing the fluid line between the assay chamber and the
flowing a harvesting reagent from the harvesting port to the

sample chgmber; and
removing the reaction product from the microfluidic device.
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67.  The method of claim 66 further comprising thermgcycling the
mixture.

68.  The method of claim 66 wherein removing th€ reaction product
from the microfluidic device comprises flowing the reaction prodyict through at least a

portion of the sample input line to a sample input port.

69.  The method of claim 68 wherein flowjhg the reaction product

through at least a portion of the sample input line compriseé performing dilation

pumping.
70.  The method of claim 69 whereif dilation pumping comprises a

fluid flow rate of less than or equal to 10 ul per houy.

71.  The method of claim 69 wherein performing dilation pumping

comprises:
a) closing a first valve disposed between the sample chamber

and the sample input port;
b) opening a second valve disposed between the harvesting port

and the sample chamber;
¢) closing the s¢cond valve;

d) opening thé first valve; and

repeating s{éps (a) through (d) a predetermined number of

times.
72.  Theméthod of claim 70 wherein the fluid flow rate is less than
or equal to 5 ul per hour. |

73. The method of claim 72 wherein the fluid flow rate is less than

or equal to 1 ul per hogr.

74./ The method of claim 66 wherein combining at least a portion of
the sample and a/least a portion of the assay to form a mixture comprises a free

interface diffusfon proceés.

75 The method of claim 66 wherein removing the reaction product

comprises/2 fluid flow rate of less than or equal to 10 microliters per hour.
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76. The method of claim 75 wherein the fluid flow rte is less than

orequalto5 microliters per hour.

77. The method of claim 76 wherein the fluid flow rate is less than

or equal to 2 microliters per hour.

78. The method of claim 77 wherein the flyid flow rate 1s less than

or equal to 1 microliters per hour.

70, The method of claim 66 wherein rémoving the reaction product

comprises removing at least 95% of the reaction produgt from the microfluidic device.

80.  The method of claim 66 wheykin flowing the sample into the
sample chamber via the sample input line comprigts applying pressure 10 2 sample

input port to pressurize the sample input line.

81.  The method of claim 66 wherein flowing the assay into the
assay chamber via the assay input line comprises applying pressure to an assay input

port to pressurize the assay input line.

82. A method of pr¢fparing reaction products, the method

comprising:
providing M samples;
providing N assays;
mixing the M samples and N assays to form MxN pairwise

combinations, each of the M#N pairwise tombinations being contained in a closed

volume;

forming KIxN reaction products from the MxN pairwise combinations;

and
" recovering the MxN reaction products.

83  The method of claim 82 wherein the M samples are contained

in M sets of firgt chambers and the N assays are contained in N sets of second

chambers.
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84.  The method of claim 83 wherein the first chambgrs containing
one of the M samples are associated with a set of second chambers, each of the set of

second chambers containing one of the N assays.

85.  The method of claim 84 wherein mixing tfie M samples and N

assays comprises opening fluid lines to provide for fluid co

firsrt chambers containing one of the M samples and each of/the set of second

chambers containing one of the N assays.

6. The method of claim 82 wherein phe first chambers are

characterized by a volume of less than or equal to 100 L.

87. The method of claim 86 whefein the volume is less than or
equal to 40 nl.

.88, The method of claim 82/wherein the second chambers are

characterized by a volume of less than or egyfal to 10 nl.

89. The method of claifn 88 wherein the volume is less than or

equal to 2 nl.

90. The method of claim 82 wherein the closed volume 18

characterized by a volume of less tflan or equal to 100 nl.

91.  The methéd of claim 82 further comprising thermocycling the

MxN pairwise combinations.

92.  The thethod of claim 82 wherein the M samples are provided at

M sample ports of a micrgfluidic device.

93. he method of claim 91 wherein the MxN samples are

recovered at the M sgmple ports of the microfluidic device.

94 The method of claim 82 wherein forming the MxN pairwise

combinations is/performed concurrently.

95.  The method of claim 82 wherein forming the MxN pairwise

combinatiofs is performed sequentially.
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