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METHODS OF PREPARING NUCLEIC ACIDS FOR SEQUENCING 

RELATED APPLICATIONS 

[00011 This application claims the benefit under 35 U.S.C. §119 of United States 

provisional application U.S. 61/931,959 filed January 27, 2014, the entire contents of which 

is incorporated herein by reference.  

TECHNICAL FIELD 

[00021 The technology described herein relates to methods of preparing and analyzing 

nucleic acids.  

BACKGROUND 

[00031 Target enrichment prior to next-generation sequencing is more cost-effective than 

whole genome, whole exome, and whole transcriptome sequencing and therefore more 

practical for broad implementation; both for research discovery and clinical applications. For 

example, high coverage depth afforded by target enrichment approaches enables a wider 

dynamic range for allele counting (in gene expression and copy number assessment) and 

detection of low frequency mutations, a critical feature for evaluating somatic mutations in 

cancer. Examples of current enrichment protocols for next generation sequencing include 

hybridization-based capture assays (TruSeq Capture, Illumina; SureSelect Hybrid Capture, 

Agilent) and polymerase chain reaction (PCR)-based assays (HaloPlex, Agilent; AmpliSeq, 

Ion Torrent; TruSeq Amplicon, Illumina; emulsion/digital PCR, Raindance). Hybridization

based approaches capture not only the targeted sequences covered by the capture probes but 

also near off-target bases that consume sequencing capacity. In addition, these methods are 

relatively time-consuming, labor-intensive, and suffer from a relatively low level of 

specificity.  

[0003a] It is to be understood that if any prior art publication is referred to herein, such 

reference does not constitute an admission that the publication forms a part of the common 

general knowledge in the art in Australia or any other country.  

SUMMARY 

[0003b] A first aspect provides a method comprising, in the presence of a double-stranded 

target nucleic acid: 

(a) contacting a first nucleic acid template comprising a sequence of a first 

strand of the double-stranded target nucleic acid with a complementary target-specific primer 

that comprises a target-specific hybridization sequence, under conditions to promote 

template-specific hybridization and extension of the target-specific primer; and 
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(b) contacting a second nucleic acid template comprising a sequence of a 

second strand that is complementary to the first strand of the double-stranded target nucleic 

acid with a plurality of different primers that share a common sequence that is 5' to different 

hybridization sequences, under conditions to promote template-specific hybridization and 

extension of at least one of the plurality of different primers, wherein the plurality of different 

primers have different 3' end nucleotides that serve as a substrate for a polymerase to produce 

an extension product, wherein each primer of the plurality of different primers does not 

anneal to the same sequence of the double-stranded target nucleic acid as any other primer of 

the plurality of different primers, wherein the common sequence comprises DNA, 

wherein an extension product is generated to contain both a sequence that is 

characteristic of the target-specific primer and a sequence that is characteristic of at least one 

of the plurality of different primers; 

(c) subjecting the extension product to an amplification reaction comprising 

successive rounds of polymerase extension of i) a tail primer that comprises a 3' sequence that 

specifically anneals to a complement of the common sequence and that comprises a 5' tail 

sequence, and ii) a primer that specifically anneals to a sequence comprising a complement of 

the target-specific hybridization sequence; 

(d) determining a nucleotide sequence of a product of the amplification reaction.  

[0003c] A second aspect provides nucleic acids for analysis when prepared by the method 

of the first aspect.  

[00041 Also disclosed herein are methods for preparing and analyzing nucleic acids. In 

some embodiments, methods for preparing nucleic acids for sequence analysis (e.g., using 

next-generating sequencing) are disclosed herein. In some embodiments, technology 

described herein is directed to methods of determining nucleotide sequences of nucleic acids.  

In some embodiments, the methods described herein relate to enriching target nucleic acids 

prior to sequencing.  

[00051 Also disclosed are methods of determining the nucleotide sequence contiguous 

to a known target nucleotide sequence. In some embodiments, the methods involve (a) 

contacting a target nucleic acid molecule comprising the known target nucleotide 

sequence with an initial target-specific primer under hybridization conditions; (b) 

performing a template-dependent extension reaction that is primed by a hybridized initial 

target-specific primer and that uses the target nucleic acid molecule as a template; (c) 

contacting the product of step (b) with a population of tailed random primers under 

hybridization conditions; (d) performing a template-dependent extension reaction that is 
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primed by a hybridized tailed random primer and that uses the portion of the target 

nucleic acid molecule downstream of the site of hybridization as a template; (e) 

amplifying a portion of the target nucleic acid molecule and the tailed random primer 

sequence with a first tail primer and a first target-specific primer; (f) amplifying a portion 

of the amplicon resulting from step (e) with a second tail primer and a second target

specific primer; and (g) sequencing the amplified portion from step (f) using a first and 

second sequencing primer. In some embodiments, the population of tailed random 

primers comprises single-stranded oligonucleotide molecules having a 5' nucleic acid 
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sequence identical to a first sequencing primer and a 3' nucleic acid sequence comprising 

from about 6 to about 12 random nucleotides. In some embodiments, the first target

specific primer comprises a nucleic acid sequence that can specifically anneal to the 

known target nucleotide sequence of the target nucleic acid at the annealing temperature.  

In some embodiments, the second target-specific primer comprises a 3' portion 

comprising a nucleic acid sequence that can specifically anneal to a portion of the known 

target nucleotide sequence comprised by the amplicon resulting from step (e), and a 5' 

portion comprising a nucleic acid sequence that is identical to a second sequencing primer 

and the second target-specific primer is nested with respect to the first target-specific 

primer. In some embodiments, the first tail primer comprises a nucleic acid sequence 

identical to the tailed random primer. In some embodiments, the second tail primer 

comprises a nucleic acid sequence identical to a portion of the first sequencing primer and 

is nested with respect to the first tail primer.  

[00061 In some embodiments, the methods involve (a) contacting a target nucleic acid 

molecule comprising the known target nucleotide sequence with a population of tailed 

random primers under hybridization conditions; (b) performing a template-dependent 

extension reaction that is primed by a hybridized tailed random primer and that uses the 

portion of the target nucleic acid molecule downstream of the site of hybridization as a 

template; (c) contacting the product of step (b) with an initial target-specific primer under 

hybridization conditions; (d) performing a template-dependent extension reaction that is 

primed by a hybridized initial target-specific primer and that uses the target nucleic acid 

molecule as a template; (e) amplifying a portion of the target nucleic acid molecule and 

the tailed random primer sequence with a first tail primer and a first target-specific 

primer; (f) amplifying a portion of the amplicon resulting from step (e) with a second tail 

primer and a second target-specific primer; and (g) sequencing the amplified portion from 

step (f) using a first and second sequencing primer. In some embodiments, the population 

of tailed random primers comprises single-stranded oligonucleotide molecules having a 5' 

nucleic acid sequence identical to a first sequencing primer and a 3' nucleic acid sequence 

comprising from about 6 to about 12 random nucleotides. In some embodiments, the first 

target-specific primer comprises a nucleic acid sequence that can specifically anneal to 

the known target nucleotide sequence of the target nucleic acid at the annealing 

temperature. In some embodiments, the second target-specific primer comprises a 3' 

portion comprising a nucleic acid sequence that can specifically anneal to a portion of the 

known target nucleotide sequence comprised by the amplicon resulting from step (c), and 
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a 5' portion comprising a nucleic acid sequence that is identical to a second sequencing 

primer and the second target-specific primer is nested with respect to the first target

specific primer. In some embodiments, the first tail primer comprises a nucleic acid 

sequence identical to the tailed random primer. In some embodiments, the second tail 

primer comprises a nucleic acid sequence identical to a portion of the first sequencing 

primer and is nested with respect to the first tail primer.  

[00071 In some embodiments, the methods further involve a step of contacting the 

sample and/or products with RNase after extension of the initial target-specific primer. In 

some embodiments, the tailed random primer can form a hair-pin loop structure. In some 

embodiments, the initial target-specific primer and the first target-specific primer are 

identical. In some embodiments, the tailed random primer further comprises a barcode 

portion comprising 6-12 random nucleotides between the 5' nucleic acid sequence 

identical to a first sequencing primer and the 3' nucleic acid sequence comprising 6-12 

random nucleotides.  

[00081 In some embodiments, the methods involve (a) contacting a target nucleic acid 

molecule comprising the known target nucleotide sequence with a population of tailed 

random primers under hybridization conditions; (b) performing a template-dependent 

extension reaction that is primed by a hybridized tailed random primer and that uses the 

portion of the target nucleic acid molecule downstream of the site of hybridization as a 

template; (c) amplifying a portion of the target nucleic acid molecule and the tailed 

random primer sequence with a first tail primer and a first target-specific primer; (d) 

amplifying a portion of the amplicon resulting from step (c) with a second tail primer and 

a second target-specific primer; and (e) sequencing the amplified portion from step (d) 

using a first and second sequencing primer. In some embodiments, the population of 

tailed random primers comprises single-stranded oligonucleotide molecules having a 5' 

nucleic acid sequence identical to a first sequencing primer; a middle barcode portion 

comprising; and a 3' nucleic acid sequence comprising from about 6 to about 12 random 

nucleotides. In some embodiments, the first target-specific primer comprises a nucleic 

acid sequence that can specifically anneal to the known target nucleotide sequence of the 

target nucleic acid at the annealing temperature. In some embodiments, the second target

specific primer comprises a 3' portion comprising a nucleic acid sequence that can 

specifically anneal to a portion of the known target nucleotide sequence comprised by the 

amplicon resulting from step (c), and a 5' portion comprising a nucleic acid sequence that 

is identical to a second sequencing primer and the second target-specific primer is nested 
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with respect to the first target-specific primer. In some embodiments, the first tail primer 

comprises a nucleic acid sequence identical to the tailed random primer. In some 

embodiments, the second tail primer comprises a nucleic acid sequence identical to a 

portion of the first sequencing primer and is nested with respect to the first tail primer. In 

some embodiments, the each tailed random primer further comprises a spacer nucleic acid 

sequence between the 5' nucleic acid sequence identical to a first sequencing primer and 

the 3' nucleic acid sequence comprising about 6 to about 12 random nucleotides. In 

certain embodiments, the unhybridized primers are removed from the reaction after an 

extension step. In some embodiments, the second tail primer is nested with respect to the 

first tail primer by at least 3 nucleotides. In certain embodiments, the first target-specific 

primer further comprises a 5' tag sequence portion comprising a nucleic acid sequence of 

high GC content which is not substantially complementary to or substantially identical to 

any other portion of any of the primers. In some embodiments, the second tail primer is 

identical to the full-length first sequencing primer. In certain embodiments, the portions 

of the target-specific primers that specifically anneal to the known target will anneal 

specifically at a temperature of about 65°C in a PCR buffer. In some embodiments, the 

sample comprises genomic DNA. In some embodiments, the sample comprises RNA and 

the method further comprises a first step of subjecting the sample to a reverse 

transcriptase regimen. In certain embodiments, the nucleic acids present in the sample 

have not been subjected to shearing or digestion. In some embodiments, the sample 

comprises single-stranded gDNA or cDNA. In certain embodiments, the reverse 

transcriptase regimen comprises the use of random hexamers. In some embodiments, a 

gene rearrangement comprises the known target sequence. In certain embodiments, the 

gene rearrangement is present in a nucleic acid selected from the group consisting of: 

genomic DNA; RNA; and cDNA. In some embodiments, the gene rearrangement 

comprises an oncogene. In certain embodiments, the gene rearrangement comprises a 

fusion oncogene. In some embodiments, the nucleic acid product is sequenced by a next

generation sequencing method. In certain embodiments, the next-generation sequencing 

method comprises a method selected from the group consisting of: Ion Torrent, Illumina, 

SOLiD, 454; Massively Parallel Signature Sequencing solid-phase, reversible dye

terminator sequencing; and DNA nanoball sequencing. In certain embodiments, the first 

and second sequencing primers are compatible with the selected next-generation 

sequencing method. In some embodiments, the method comprises contacting the sample, 

or separate portions of the sample, with a plurality of sets of first and second target
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specific primers. In certain embodiments, the method comprises contacting a single 

reaction mixture comprising the sample with a plurality of sets of first and second target

specific primers. In some embodiments, the plurality of sets of first and second target

specific primers specifically anneal to known target nucleotide sequences comprised by 

separate genes. In certain embodiments, at least two sets of first and second target

specific primers specifically anneal to different portions of a known target nucleotide 

sequence. In some embodiments, at least two sets of first and second target-specific 

primers specifically anneal to different portions of a single gene comprising a known 

target nucleotide sequence. In certain embodiments, at least two sets of first and second 

target-specific primers specifically anneal to different exons of a gene comprising a 

known nucleotide target sequence. In some embodiments, the plurality of first target

specific primers comprise identical 5' tag sequence portions. In certain embodiments, 

each tailed random primer in a population of tailed random primers further comprises an 

identical sample barcoding portion. In some embodiments, multiple samples are each 

contacted with a separate population of tailed random primers with a sample barcoding 

portion; wherein each population of tailed random primers has a distinct sample 

barcoding portion; and wherein the samples are pooled after step (b). In certain 

embodiments, each amplification step comprises a set of cycles of a PCR amplification 

regimen from 5 cycles to 20 cycles in length. In some embodiments, the target-specific 

primers and the tail primers are designed such that they will specifically anneal to their 

complementary sequences at an annealing temperature of from about 61 to 72 °C. In 

some embodiments, the target-specific primers and the tail primers are designed such that 

they will specifically anneal to their complementary sequences at an annealing 

temperature of about 65 °C. In certain embodiments, the target nucleic acid molecule is 

from a sample, optionally which is a biological sample obtained from a subject. In some 

embodiments, the sample is obtained from a subject in need of treatment for a disease 

associated with a genetic alteration. In certain embodiments, the disease is cancer. In 

some embodiments, the sample comprises a population of tumor cells. In certain 

embodiments, the sample is a tumor biopsy. In some embodiments, the cancer is lung 

cancer. In certain embodiments, a disease-associated gene comprises the known target 

sequence. In some embodiments, a gene rearrangement product in the sample 

comprises the known target sequence. In certain embodiments, the gene rearrangement 

product is an oncogene.  
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[00091 Also disclosed are methods of preparing nucleic acids for analysis. In some 

embodiments, the methods involve method (a) contacting a nucleic acid template 

comprising a first strand of a target nucleic acid with a complementary target-specific 

primer that comprises a target-specific hybridization sequence, under conditions to 

promote template-specific hybridization and extension of the target-specific primer; and 

(b) contacting a nucleic acid template comprising a second strand that is complementary 

to the first strand of the target nucleic acid with a plurality of different primers that share 

a common sequence that is 5' to different hybridization sequences, under conditions to 

promote template-specific hybridization and extension of at least one of the plurality of 

different primers, in which an extension product is generated to contain both a sequence 

that is characteristic of the target-specific primer and a sequence that is characteristic of 

the at least one of the plurality of different primers. In some embodiments, the target 

nucleic acid is a ribonucleic acid. In certain embodiments, the target nucleic acid is a 

deoxyribonucleic acid. In some embodiments, steps (a) and (b) are performed 

sequentially. In certain embodiments, the nucleic acid template in step (a) comprises an 

extension product resulting from the hybridization and extension of the at least one of the 

plurality of different primers in step (b). In some embodiments, the nucleic acid template 

in step (b) comprises an extension product resulting from the hybridization and extension 

of the target-specific primer in step (a). In certain embodiments, the target nucleic acid is 

a messenger RNA encoded from a chromosomal segment that comprises a genetic 

rearrangement. In some embodiments, the target nucleic acid is a chromosomal segment 

that comprises a portion of a genetic rearrangement. In certain embodiments, the genetic 

rearrangement is an inversion, 
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deletion, or translocation. In some embodiments, the methods further involve amplifying 

the extension product. In certain embodiments, the methods further involve contacting 

the extension product or amplified extension product with an immobilized 

oligonucleotide under conditions in which hybridization occurs between the extension 

product and immobilized oligonucleotide. In certain embodiments, the target nucleic 

acid comprises a target portion having a known sequence and a flanking portion having 

an unknown sequence. In some embodiments, different hybridization sequences are 

complementary to the flanking portion. In certain embodiments, the target-specific 

hybridization sequence is complementary to the target portion. In some embodiments, the 

target-specific primer further comprises, 5' to the target-specific hybridization sequence, 

at least one of an index sequence, a barcode sequence and an adaptor sequence. In certain 

embodiments, the common sequence comprises at least one of an index sequence, 

barcode sequence and an adaptor sequence. In some embodiments, the adaptor sequence 

is a cleavable adaptor sequence for immobilizing oligonucleotides in a flow cell.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIGS. 1A and 2B depict non-limiting embodiments of a work flow for amplifying 

and sequencing target nucleic acids that are flanked by a 3' unknown fusion partner, as 

described herein.  

[0011] FIGS. 2 A and 2B depict non-limiting embodiments of a work flow for 

amplifying sequencing target nucleic acids that are flanked by a 5' unknown fusion partner, 

as described herein.  

[0012] FIG. 3 depicts a non-limiting embodiment of a work flow for amplifying 

sequencing target nucleic acids that are flanked by a 3' unknown fusion partern using an 

oligonucleotide comprising a hairpin, as described herein.  

DETAILED DESCRIPTION 

[00131 Aspects of the technology disclosed herein relate to methods for preparing and 

analyzing nucleic acids. In some embodiments, methods provided herein are useful for 

determining unknown nucleotide sequences contiguous to (adjacent to) a known target 

nucleotide sequence. Traditional sequencing methods generate sequence information 

randomly (e.g. "shotgun" sequencing) or between two known sequences which are used to 

design primers. In contrast, methods described herein, in some embodiments, allow for 

determining the nucleotide sequence (e.g. sequencing) upstream or downstream of a single 
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region of known sequence with a high level of specificity and sensitivity. Accordingly, in 

some embodiments, methods provided herein are useful for determining the sequence of 

fusions (e.g., fusion mRNAs) that result from gene arrangements (e.g., rearrangements that 

give rise to cancer or other disorders). In some embodiments, methods provided herein for 

preparing nucleic acids for analysis (e.g., for sequencing) involve a first round of extension 

using a target-specific primer that targets a known sequence of a target nucleic acid (e.g., a 

known sequence of a 1" gene) followed by a second round of extension that involves the use 

of a heterogenous population of tailed primers (e.g., tailed random primers) that include tailed 

primers that have hybridization sequences that are complementary with an unknown sequence 

adjacent to the known sequence in the target nucleic acid. In some embodiments, the tail 

region of tailed primers includes barcode or index sequences that facilitate multiplex 

amplification and enrichment of target nucleic acids.  

[0014] In some aspects of the technology disclosed herein methods are provided of 

preparing nucleic acids for analysis that involve (a) contacting a nucleic acid template 

comprising a first strand of a target nucleic acid with a complementary target-specific primer 

that comprises a target-specific hybridization sequence, under conditions to promote 

template-specific hybridization and extension of the target-specific primer and (b) contacting 

a nucleic acid template comprising a second strand that is complementary to the first strand of 

the target nucleic acid with a plurality of different primers that share a common sequence that 

is 5' to different hybridization sequences, under conditions to promote template-specific 

hybridization and extension of at least one of the plurality of different primers, in which an 

extension product is generated to contain both a sequence that is characteristic of the target

specific primer and a sequence that is characteristic of the at least one of the plurality of 

different primers. In some embodiments, steps (a) and (b) above are performed sequentially.  

In some embodiments, the nucleic acid template in step (a) comprises an extension product 

resulting from the hybridization and extension of the at least one of the plurality of different 

primers in step (b). In some embodiments, the nucleic acid template in step (b) comprises an 

extension product resulting from the hybridization and extension of the target-specific primer 

in step (a).  

[00151 In some embodiments, methods are provided for preparing nucleic acids that have 

a target region 5' to an adjacent region (e.g., an adjacent region of unknown sequence). In 

some embodiments, methods provided herein can be accomplished using one or more rounds 

of PCR.  

[00161 For example, FIGS. 1A-B present schematics of exemplary methods of 

amplifying target nucleic acids that have a known target region 5' to an adjacent region (e.g., 
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for purposes of sequencing the adjacent region). At step 101, initial RNA is obtained or 

provided in a sample and is used as a template. RNA template is exposed to a plurality of 

tailed primers (e.g., tailed random primers) that comprise a common sequence that is 5' to 

different hybridization sequences and shared between all of the tailed primers of the 

population. In some embodiments, at least one primer hybridizes to an RNA molecule and 

primes a reverse transcriptase reaction to produce a complementary DNA strand. In step 102, 

unhybridized oligonucleotides are degraded (e.g., enzymatically, e.g., by an exonuclease). In 

step 102, RNA template is degraded from the complementary DNA strand.  

[00171 In some embodiments, a tailed primer is provided that hybridizes to the poly-A 

tail of an RNA molecule. In some embodiments, the sequence of a primer is provided that 

hybridizes to the poly-A tail comprises a poly-dT (e.g., a 3' positioned stretch of 2 dTs, 3 

dTs, 4 dTs, 5 dTs, 6 dTs, 7 dTs, 8 dTs, 9 dTs, 10 dTs, or more.). In some embodiments, a 

plurality of tailed primers are provided each of which comprises a common sequence. In 

some embodiments, a plurality of tailed primers is provided each of which further comprises 

a barcode or index sequence.  

[00181 It should be appreciated that in methods disclosed herein an RNA template may 

be degraded by any appropriate method, including, for example, by enzymatic degradation 

(e.g., using RNaseH, Uracyl glycosylase, etc.), by hydrolysis (e.g., by exposing the RNA to 

relatively high pH conditions (e.g., pH 10, pH 11, pH 12), etc. In some embodiments, 

hydrolyzing RNA by exposure to relatively high pH is advantageous because it is relatively 

inexpensive (compared with certain other methods, e.g., certain enzymatic methods) and 

because it destroys both RNA and DNA:RNA hybrids. In some embodiments, RNA is 

degraded by hydrolysis caused by exposure to relatively high pH conditions at a relatively 

high temperature (e.g., temperature greater than 60 °C (e.g., 60 °C to 95 C)). In some 

embodiments, the use of relatively high temperatures is advantageous because it heat 

inactivates enzymes used in prior preparative steps (e.g., RT enzymes). In some 

embodiments, an initial nucleic acid may be DNA that is obtained or provided in a sample 

and is used as a template. In such embodiments, steps 101 and 102 may be omitted.  

[0019] In step 103, DNA molecules produced by reverse transcription are contacted by 

one or more initial target-specific primers which may or may not be the same as the first 

target-specific primer. In step 104, hybridization of the initial target-specific primer to a 

portion of the target nucleic acid (the "target sequence") primes an extension reaction using a 

DNA molecule as a template to produce a complementary DNA strand. Extension products 

are purified in step 105. However, in some embodiments, DNA produced in step 104 may be 

amplified directly, e.g., by PCR, without purification.  
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[00201 In step 106, DNA molecules are contacted by a first target-specific primer and a 

first tail primer. The first target-specific primer hybridizes to a portion of the target nucleic 

acid. In some embodiments, pools of different first target-specific primers can be used that 

hybridize to different portions of a target nucleic acid. In some embodiments, use of different 

target specific primers can be advantegous because it allows for generation of different 

extension products having overlapping but staggered sequences relative to a target nucleic 

acid. In some embodiments, different extension products can be sequenced to produce 

overlapping sequence reads. In some embodiments, overlapping sequence reads can be 

evaluated to assess accuracy of sequence information, fidelity of nucleic acid amplification, 

and/or to increase confidence in detecting mutations, such as detecting locations of 

chromosomal rearrangements (e.g., fusion breakpoints). In some embodiments, pools of 

different first target-specific primers can be used that hybridize to different portions of 

different target nucleic acids present in sample. In some embodiments, use of pools of 

different target-specific primers is advantageous because it facilitates processing (e.g., 

amplification) and analysis of different target nucleic acids in parallel. In some 

embodiments, up to 2, up to 3, up to 4, up to 5, up to 6, up to 7, up to 8, up to 9, up to 10, up 

to 15, up to 20, up to 100 or more pools of different first target-specific primers are used. In 

some embodiments, 2 to 5, 2 to 10, 5 to 10, 5 to 15, 10 to 15, 10 to 20, 10 to 100, 50 to 100, 

or more pools of different first target-specific primers are used.  

[0021] In FIGS. 1A and IB, a first tail primer hybridizes to at least a portion of a DNA 

molecule provided by the tail portion of the tailed primer of step 101. In some embodiments, 

the first tail primer hybridizes to the common sequence provided by the tail of the one or 

more primers of step 101. In some embodiments, a nested target specific primer (nested with 

respect to the target specific primer of step 103) is used in step 106. In some embodiments, a 

first tail primer may comprise an additional sequence 5' to the hybridization sequence that 

may include barcode, index, adapter sequences, or sequencing primer sites, for example. In 

step 107, hybridization of the first target-specific primer and the first tail nucleic acid 

molecule allows for amplification of a product in a polymerase chain reaction (PCR). In 

some embodiments, amplified products are purified in step 108.  

[0022] In some embodiments, the ssDNA product of step 103 is amplified directly (e.g., 

by PCR) rather than performing the extension reaction of step 104 and purification of step 

105. Similarly, in some embodiments of any of the methods disclosed herein, ssDNA 

products may be amplified directly (e.g., by PCR) rather than performing an extension 

reaction to produce dsDNA prior to purification and/or PCR. In some embodiments, first 

and second tail primers can be incorporated during a PCR. In some embodiments, primers 
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(e.g.,first tail primers, target specific primers) are used in a PCR or extension reaction and 

then excess primer is removed using a single stranded nuclease. Subsequent rounds of PCR 

or extension may be performed using different primers (e.g., second tail primers or nested 

primers or a second target specific primer) to incorporate different sequences into the 

resulting products.  

[00231 In some embodiments, an exonuclease (e.g., Exol) may be used to degrade single

stranded DNA. In some embodiments, an exonuclease is used to degrade ssDNA and the 

amplified product is processed directly according to steps 1 0 9 A-B and 1 1 A-B, without 

purification at step 108.  

[0024] In FIG. 1A, at step 1 0 9 A, amplified DNA products of step 107 (e.g., as purified in 

step 108) are contacted with a second target-specific primer and a second tail primer. In some 

embodiments, the second target-specific primer hybridizes to a sequence that is present within 

the template DNA molecule 3' of the sequence of the first target-specific primer such that the 

reactions are nested. In some embodiments, nesting of the second target-specific primer 

relative to the first target-specific primer may improve specificity of the hybridization 

reaction. In some embodiments, the second target-specific primer may comprise an 

additional sequence 5' to the hybridization sequence that may include barcode, index, adapter 

sequences, or sequencing primer sites, for example. In step 1 1 0 A, the amplified DNA 

products of step 107 (e.g., as purified in step 108) are amplified by PCR in which the 

extensions are primed by the second target-specific primer and a second tail primer. In some 

embodiments, a portion of the amplified product from step 107 is further amplified. In some 

embodiments, a third primer is used that hybridizes to the common tail in the second target 

specific primer and adds additional sequences such as a barcoes, adapters, etc.  

[00251 In some embodiments, the second target-specific primer comprises a nucleotide 

sequence 5' to the target-specific sequence that comprises a barcode, index, or adapter 

sequences. In some embodiments, the second tail primer hybridizes to a sequence that is 

present within the template DNA molecule 3' of the sequence of the first tail primer such that 

the reactions are nested. In such embodiments, a portion of the product from step 106 is 

amplified. In some embodiments, the second tail primer may comprise additional sequences 

5' to the hybridization sequence that may include barcode, index, adapter sequences or 

sequencing primer sites. Hybridization of the second target-specific primer and the second 

tail primer allows for exponential amplification of a portion of the target nucleic acid 

molecule in a PCR reaction.  

[00261 In some embodiment, the first target-specific primer of step 106 may be used with 

a second target-specific primer. In such embodiments, hybridization of the first target

11



WO 2015/112974 PCT/US2015/012891 

specific primer and the second target-specific primer allows for amplification of product in a 

polymerase chain reaction (PCR). In some embodiments, steps 108-110 may be omitted.  

The amplification products are purified in reaction 111 and ready for analysis. For example, 

products purified in step 111 can be sequenced (e.g., using a next generation sequencing 

platform.) In some embodiments the first target-specific primer or second target-specific 

primer may comprise additional sequences 5' to a hybridization sequence that may include 

barcode, index, adapter sequences or sequencing primer sites.  

[00271 In some embodiments, as depicted in FIG lB., in step 1 0 9 B, DNA products of step 

107 (e.g., as purified in step 108) are contacted with a second target-specific primer and a 

second tail primer. The second target-specific primer is further contacted by an additional 

primer (e.g., a primer having 3' sequencing adapter/index sequences) that hybridizes with the 

common sequence of the second target-specific primer. In some embodiments the additional 

primer may comprise additional sequences 5' to the hybridization sequence that may include 

barcode, index, adapter sequences or sequencing primer sites. In some embodiments, the 

additional primer is a generic sequencing adapter/index primer. In some embodiments, the 

second target-specifc primer may be nested relative to the target-specific primer used in step 

107. In step 1 1 0 B, the DNA products of step 107 (e.g., as purified in step 108) are amplified 

by PCR in which the extensions are primed by the second target-specific primer and a second 

tail primer. Hybridization of the second target-specific primer, the additional primer, and the 

second tail primer allows for exponential amplification of a portion of the target nucleic acid 

molecule in a PCR reaction. In such embodiments, a portion of the amplified product from 

step 108 is amplified.  

[00281 In some embodiment, the first tail primer of step 106 may be used with a second 

target-specific primer. In such embodiments, hybridization of the first tail primer and the 

second target-specific primer allows for amplification of product in a polymerase chain 

reaction (PCR), optionally with an additional primer (e.g., a primer having 3' sequencing 

adapter/index sequences) that hybridizes with the common sequence of the second target

specific primer. In some embodiments, steps 108-110 may be omitted.  

[0029] The products are purified in reaction 111 and ready for analysis. For example, 

products purified in step 111 can be sequenced (e.g., using a next generation sequencing 

platform).  

[00301 In some embodiments, steps 101-104, 106-107, and 109-110 are performed 

consecutively in a single reaction tube without any intervening purification steps. In some 

embodiments, all of the components involved in steps 101-104, 106-107, 109-110 are present 

at the outset and throughout the reaction. In some embodiments, steps 101-104 are performed 
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consecutively in a single reaction tube. In some embodiments, all of the components 

involved in steps 101-104 are present at the outset and throughout the reaction. In some 

embodiments, steps 106-107 are performed consecutively in a single reaction tube. In some 

embodiments, all of the components involved in steps 106-107 are present at the outset and 

throughout the reaction. In some embodiments, steps 1 0 9 A- 1 1 0 A or 109 B-1 1OB are performed 

consecutively in a single reaction tube. In some embodiments, all of the components 

involved in steps 1 0 9 A- 1 1 0 A or 109 B-11B are present at the outset and throughout the 

reaction.  

[00311 In some embodiments, methods are provided for preparing nucleic acids that have 

a target region 3' to an adjacent region (e.g., an adjacent region of unknown sequence 

content). For example, FIG. 2 presents a schematic of an exemplary method of amplifying 

and sequencing target nucleic acids that have a known target region 3' to an adjacent region.  

In FIGS. 2A-B, an initial RNA (e.g., a fusion mRNA) is obtained or provided in a sample and 

is used as a template for the proceeding method. At step 201, the RNA template is exposed to 

one or more initial target-specific primers that hybridize to one or more target nucleotide 

sequences and function to prime a reverse transcription reaction such that a complementary 

DNA molecule is produced using the initial RNA as a template. In some embodiments, an 

initial target-specific primer hybridizes to the poly-A tail of an RNA template. In some 

embodiments, the sequence of the primer that hybridizes to the poly-A tail comprises a poly

dT (e.g., a 3' positioned stretch of 2 dTs, 3 dTs, 4 dTs, 5 dTs, 6 dTs, 7 dTs, 8 dTs, 9 dTs, 10 

dTs, or more.). In step 202 the unhybridized primers are degraded (e.g., enzymatically, e.g., 

by an exonuclease). In step 202, RNA template is degraded from the complementary DNA 

strand (e.g., enzymatically, e.g., by RNaseH).  

[0032] In step 203, DNA molecules that were generated by reverse transcription are 

contacted by a heterogenous population of tailed primers (e.g., tailed random primers). In 

some embodiments, the tail portion of each of the tailed primers is a shared or common 

sequence, identical between all primers of the population of tailed primers. In some 

embodiments, at least one primer comprises a hybridization sequence that is complementary 

to and hybridizes to the target acid template. In step 204, tailed primers that are hybridized 

with the template nucleic acid are extended in a template-dependent extension reaction to 

produce complementary DNA strands that incorporate the tailed primer sequence and the 

template sequence. The resulting double stranded DNA product is purified in step 205.  

[00331 In step 206, DNA products purified in step 205 are contacted with a first target

specific primer and a first tail primer. The first target-specific primer hybridizes to a target 

sequence (region) of the DNA. The first tail primer hybridizes to a portion of the DNA 
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molecule characteristic of the tail of the tailed primers of step 203. In some embodiments, the 

first tail primer hybridizes to the common sequence provided by the tail of the one or more 

primers of step 203. In some embodiments, a first tail primer comprises a barcode or index 

sequence. In step 207 hybridization of the first target-specific primer and the first tail primer 

facilitates exponential amplification of a portion of the target nucleic acid molecule in an 

amplification reaction (e.g., a PCR reaction). In some embodiments, the first tail primer may 

comprise additional sequences 5' to the hybridization sequence that may include barcode, 

index, adapter sequences or sequencing primer sites. Amplified products are purified in step 

208. In some embodiments, the purification in step 208 is skipped. For example, in some 

embodiments, primers (e.g.,second target specific primers and 2" tail primers) are used in a 

PCR or extension reaction and then excess primer is removed using a single stranded DNA 

nuclease. Subsequent rounds of PCR or extension may be performed using different primers 

to incorporate different sequences into the resulting products.  

[0034] In some embodiments, as depicted in FIG. 2A at step 2 0 9 A, DNA molecules 

produced in step 207 (e.g., as purified in step 208) are contacted with a second target-specific 

primer and a second tail primer. In some embodiments, the second target-specifc primer is 

nested relative to the target specific primer used in step 207. In some embodiments, at least a 

portion of the product from step 2 0 9 A is amplified.  

[00351 In some embodiments, the second target-specific primer comprises a nucleotide 

sequence 5' to the target-specific sequence that comprises a barcode, index, or adapter 

sequences. In some embodiments, the second tail primer hybridizes to a sequence that is 

present within the template DNA molecule 3' of the sequence of the first tail primer such that 

the reactions are nested. In some embodiments, at least a portion of the product from step 

209A is amplified.  

[00361 In some embodiments, first tail primer of step 206 may be used with a second 

target-specific primer. In such embodiments, hybridization of the first tail primer and the 

second target-specific primer allows for amplification of product in a polymerase chain 

reaction (PCR). In such embodiments, steps 208-210 may be omitted.  

[00371 In some embodiments, as depicted in FIG. 2B at step 209 B, DNA molecules 

produced in step 207 (e.g., as purified in step 208) are contacted with a second target

specific primer and a second tail primer wherein the second target-specific primer hybridizes 

to a target sequence that is present within the template DNA molecule 3' of the sequence of 

the first target-specific primer such that the reactions are nested. In some embodiments, at 

least a portion of the product from step 2 0 9 B is amplified.  
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[00381 In some embodiments, the second target-specific primer is further contacted by an 

additional primer (e.g., a primer having 3' sequencing adapter/index sequences) that 

hybridizes with the common sequence of the second target-specific primer. In some 

embodiments the additional primer may comprise additional sequences 5' to the hybridization 

sequence that may include barcode, index, adapter sequences or sequencing primer sites. In 

some embodiments, the additional primer is a generic sequencing adapter/index primer. In 

such embodiments, hybridization of the second target-specific primer, the additional primer, 

and a second tail primer allows for exponential amplification of a portion of the target nucleic 

acid molecule in a PCR reaction.  

[00391 In some embodiments, the second target-specific primer comprises a nucleotide 

sequence 5' to the target-specific sequence that comprises a barcode, index, or adapter 

sequences. In some embodiments, the second tail primer hybridizes to a sequence that is 

present within the template DNA molecule 3' of the sequence of the first tail primer such that 

the reactions are nested. In some embodiments, at least a portion of the product from step 

2 0 9 B is amplified.  

[0040] In some embodiments, the second tail primer may comprise additional sequence 

5' to the hybridization sequence that may include barcode, index, adapter sequences or 

sequencing primer sites. In step 210, hybridization of the second target-specific primer and 

the second tail primer facilitates exponential amplification of a portion of the target nucleic 

acid molecule in an amplification reaction (e.g., a PCR reaction). The amplification product 

of step 210 is purified in reaction 211 and ready for analysis. For example, products purified 

in step 211 can be sequenced (e.g., using a next generation sequencing platform.) 

[0041] In some embodiments, steps 201-204 are performed consecutively in a single 

reaction tube. In some embodiments, all of the components involve in steps 201-204 are 

present at the outset and throughout the reaction. In some embodiments, steps 206-207 are 

performed consecutively in a single reaction tube. In some embodiments, all of the 

components involve in steps 206-207 are present at the outset and throughout the reaction. In 

some embodiments, steps 2 0 9 A- 2 1 0 or 20 9 B- 2 1 0 are performed consecutively in a single 

reaction tube. In some embodiments, all of the components involve in steps 2 0 9 A- 2 1 0 or 

20 9 B-210 are present at the outset and throughout the reaction.  

[0042] In some embodiments, methods provided herein involve use of random sequences 

as molecular barcodes. In some embodiments, molecular barcodes are built into primers 

(e.g., RT primers, target-specific primers, extension sequence primers) such that each 

individual molecule produced by a primer obtains a unique barcode tag. Thus, in some 

embodiments, the molecular barcode tag permits a determination of whether a sequenced 
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molecular is unique. In some embodiments, molecular barcodes may be used to silence 

sequencing errors, improve confidence calling of fusions or other mutations, and improided 

detection limits.  

[00431 In some embodiments, methods are provided for preparing nucleic acids that have 

a target region 5' to an adjacent region (e.g., an adjacent region of unknown sequence) using 

an oligonucleotide comprising a hairpin. In some embodiments, the oligonucleotide may 

have a structure that is not a hairpin, for example, the oligonucleotide may be linear. For 

example, FIG. 3 presents a schematic of an exemplary method for amplifying target nucleic 

acids that have a known target region 5' to an adjacent region (for purposes of sequencing the 

adjacent region). At step 301, an initial RNA is obtained or provided in a sample and is used 

as a template for the proceeding method. The RNA template is exposed to a plurality of 

hairpin primers (e.g., random primers with a hairpin tail) that comprise a hairpin sequence 

that is 5' to different hybridization sequences and shared between all of the primers of the 

population. The hairpin sequence comprises two complementary common sequences that 

flank a molecular barcode sequence (MBC). The complementary common sequences base 

pair to form the stem-loop hairpin structure and protect the MBC sequence. In some 

embodiments, the plurality of primers is in another structure (not a hairpin) and comprises 

two complementary common sequences that flank a molecular barcode sequence (MBC). In 

some embodiments, at least one primer hybridizes to the RNA molecule and primes a reverse 

transcriptase reaction to produce a complementary DNA strand. In some embodiments, a 

primer hybridizes to the poly-A tail of the RNA molecule. In some embodiments, the 

sequence of the primer that hybridizes to the poly-A tail comprises a poly-dT (e.g., a 3' 

positioned stretch of 2 dTs, 3 dTs, 4 dTs, 5 dTs, 6 dTs, 7 dTs, 8 dTs, 9 dTs, 10 dTs, or more.).  

In step 302, any unhybridized oligonucleotides are enzymatically degraded (e.g., by an 

exonuclease). Also in step 302, the RNA template is enzymatically degraded from the 

complementary DNA strand (e.g., by RNaseH).  

[0044] In step 303, DNA molecules produced by reverse transcription are contacted by 

one or more initial target-specific primers which may or may not be the same as the first 

target-specific primer. In step 304, hybridization of the first target-specific primer to a 

portion of the target nucleic acid primes an extension reaction using the DNA molecule as a 

template to produce a complementary DNA strand. In some embodiments, synthesis of the 

complementary DNA strand may reduce or eliminate hairpin formation of the complementary 

common sequences. Extension products are purified in step 305.  

[00451 In step 306, DNA molecules are contacted by a first target-specific primer and a 

tailed primer. The first target-specific primer hybridizes to a portion of the target nucleic 
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acid. The first tail primer hybridizes to a portion of the DNA molecule provided by the 

common sequence involve in hairpin formation step 301. In some embodiments, a nested 

target-specific primer (e.g., nested with respect to the target-specific primer of step 303) is 

used in step 306. In some embodiments, the first tailed primer may comprise an additional 

sequence 5' to the hybridization sequence that may include barcode, index, adapter 

sequences, or sequencing primer sites, for example. In step 307, hybridization of each of the 

first target-specific primer and the tailed primer allows for amplification of a portion of the 

target nucleic acid molecule in a polymerase chain reaction (PCR). In some embodimetns, 

amplified products are purified in step 308.  

[00461 In step 309, amplified DNA products (e.g., those purified in step 308) are 

contacted with a second target-specific primer and a common sequence primer. In some 

embodiments, the second target-specific primer hybridizes to a sequence that is present within 

the template DNA molecule 3' of the sequence of the first target-specific primer such that the 

reactions are nested. In some embodiments, the common sequence primer hybridizes with a 

sequence provided by the first tail primer in step 306. In some embodiments, in step 310, 

DNA products purified in step 308 are amplified by PCR in which the extensions are primed 

by a second target-specific primer and a common sequence primer. In some embodiments, 

amplified product from step 308 may be amplified.  

[00471 In some embodiments, the second target-specific primer comprises a nucleotide 

sequence 5' to the target-specific sequence that comprises a barcode, index, or adapter 

sequences. In some embodiments, the second tail primer hybridizes to a sequence that is 

present within the template DNA molecule 3' of the sequence of the first tail primer such that 

the reactions are nested. In such embodiments, a portion of the product from step 308 is 

amplified. In some embodiments, the common sequence primer may comprise additional 

sequences 5' to the hybridization sequence that may include barcode, index, adapter 

sequences or sequencing primer sites. Hybridization of the second target-specific primer and 

the common sequence primer allows for exponential amplification of a portion of the target 

nucleic acid molecule in a PCR reaction. In some embodiments, products are purified in 

reaction 311 useful for analysis. For example, products purified in step 311 can be 

sequenced (e.g., using a next generation sequencing platform.) 

[00481 In some embodiments, all of the components involved in steps 301-311 are 

present at the outset and throughout the reaction. In some embodiments, steps 301-304, 306

307, and 309-310 are performed consecutively in a single reaction tube without any 

intervening purification steps. In some embodiments, steps 301-304 are performed 

consecutively in a single reaction tube. In some embodiments, all of the components involve 
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in steps 301-304 are present at the outset and throughout the reaction. In some embodiments, 

steps 306-307 are performed consecutively in a single reaction tube. In some embodiments, 

all of the components involve in steps 306-307 are present at the outset and throughout the 

reaction. In some embodiments, steps 309-310 are performed consecutively in a single 

reaction tube. In some embodiments, all of the components involve in steps 309-310 are 

present at the outset and throughout the reaction.  

[0049] In some embodiments, methods are provided herein that involve determining the 

nucleotide sequence contiguous to (adjacent to) a known target nucleotide sequence. In some 

embodiments, methods comprise contacting a target nucleic acid molecule comprising the 

known target nucleotide sequence with an initial target-specific primer under suitable 

hybridization conditions. In some embodiments, the methods further comprise maintaining 

the target nucleic acid molecule under conditions that promote extension of the hybridized 

initial target-specific primer (e.g., using the target nucleic acid molecule as a template), 

thereby producing a first extension product. In some embodiments, the methods further 

comprise contacting the extension product with a population of tailed random primers under 

suitable hybridization conditions. In some embodiments, the methods further comprise 

maintaining the extension product under conditions that promote extension of a hybridized 

tailed random primer using the portion of the target nucleic acid molecule downstream of the 

site of hybridization as a template, thereby producing a second extension product. In some 

embodiments, the methods further comprise amplifying a portion of the target nucleic acid 

molecule and the tailed random primer sequence with a first tail primer and a first target

specific primer, thereby producing a first amplicon. In some embodiments, the methods 

further comprise amplifying a portion of the amplicon with a second tail primer and a second 

target-specific primer, thereby producing a second amplicon.  

[00501 In some embodiments, one or more target-specific primers used in the methods 

may be nested with respect to one or more other target-specific primers. For example, in 

some embodiments, a second target-specific primer is internal to a first target-specific primer.  

In some embodiments, target-specific primers are the same. In some embodiments, target

specific primers are nested but overlapping with respect to target complementarity. In some 

embodiments, target-specific primers are nested and non-overlapping. In some embodiments, 

combinations of identical and nested target specific primers are used in the same or different 

amplification steps. In some embodiments, nesting of primers increases target specificity. In 

some embodiments, the methods further comprise sequencing the second amplicon using a 

first and second sequencing primer. In some embodiments, the population of tailed random 

primers comprises single-stranded oligonucleotide molecules having a 5' nucleotide 
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sequence identical to a first sequencing primer and a 3' nucleotide comprising from random 

nucleotides (e.g., about 6 to about 12 random nucleotides). In some embodiments, the first 

target-specific primer comprises a nucleic acid sequence that can specifically anneal to the 

known nucleotide sequence of the target nucleic acid at an appropriate annealing temperature.  

In some embodiments, the second target-specific primer comprises a 3' portion comprising a 

nucleic acid sequence that can specifically anneal to a portion of the known target nucleotide 

sequence comprised by the first amplicon, and a 5' portion comprising a nucleic acid 

sequence that is identical to a second sequencing primer and the second target-specific primer 

is nested with respect to the first target-specific primer. In some embodiments, the first tail 

primer comprises a nucleic acid sequence identical to the common sequence of the tail of the 

tailed random primer. In some embodiments, the common sequence on the tailed random 

primer is the exact match of the common sequence on the first tail primer. In some 

embodiments, the second tail primer comprises a nucleic acid sequence identical to a portion 

of the first sequencing primer and is nested with respect to the first tail primer.  

[00511 As used herein, the term "target nucleic acid" refers to a nucleic acid molecule of 

interest (e.g., an nucleic acid to be analzed). In some embodiments, a target nucleic acid 

comprises both a target nucleotide sequence (e.g., a known or predetermined nucleotide 

sequence) and an adjacent nucleotide sequence which is to be determined (which maybe 

referred to as an unknown sequence). A target nucleic acid can be of any appropriate length.  

In some embodiments, a target nucleic acid is double-stranded. In some embodiments, the 

target nucleic acid is DNA. In some embodiments, the target nucleic acid is genomic or 

chomosomal DNA (gDNA). In some embodiments, the target nucleic acid can be 

complementary DNA (cDNA). In some embodiments, the target nucleic acid is single

stranded. In some embodiments, the target nucleic acid can be RNA, e.g., mRNA, rRNA, 

tRNA, long non-coding RNA, microRNA.  

[0052] As used herein, the term "known target nucleotide sequence" refers to a portion of 

a target nucleic acid for which the sequence (e.g. the identity and order of the nucleotide 

bases of the nucleic acid) is known. For example, in some embodiments, a known target 

nucleotide sequence is a nucleotide sequence of a nucleic acid that is known or that has been 

determined in advance of an interrogation of an adjacent unknown sequence of the nucleic 

acid. A known target nucleotide sequence can be of any appropriate length.  

[00531 In some embodiments, a target nucleotide sequence (e.g., a known target 

nucleotide sequence) has a length of 10 or more nucleotides, 30 or more nucleotides, 40 or 

more nucleotides, 50 or more nucleotides, 100 or more nucleotides, 200 or more nucleotides, 

300 or more nucleotides, 400 or more nucleotides, 500 or more nucleotides. In some 
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embodiments, a target nucleotide sequence (e.g., a known target nucleotide sequence) has a 

length in range of 10 to 100 nucleotides, 10 to 500 nucleotides, 10 to 1000 nucleotides, 100 to 

500 nucleotides, 100 to 1000 nucleotides, 500 to 1000 nucleotides, 500 to 5000 nucleotides.  

[0054] In some embodiments, methods are provided herein for determining sequences of 

contiguous (or adjacent) portions of a nucleic acid. As used herein, the term "nucleotide 

sequence contiguous to" refers to a nucleotide sequence of a nucleic acid molecule (e.g., a 

target nucleic acid) that is immediately upstream or downstream of another nucleotide 

sequence (e.g., a known nucleotide sequence). In some embodiments, a nucleotide sequence 

contiguous to a known target nucleotide sequence may be of any appropriate length. In some 

embodiments, a nucleotide sequence contiguous to a known target nucleotide sequence 

comprises 1 kb or less of nucleotide sequence, e.g. 1 kb or less of nucleotide sequence, 750 

bp or less of nucleotide sequence, 500 bp or less of nucleotide sequence, 400 bp or less of 

nucleotide sequence, 300 bp or less of nucleotide sequence, 200 bp or less of nucleotide 

sequence, 100 bp or less of nucleotide sequence. In some embodiments, in which a sample 

comprises different target nucleic acids comprising a known target nucleotide sequence (e.g.  

a cell in which a known target nucleotide sequence occurs multiple times in its genome, or on 

separate, non-identical chromosomes), there may be multiple sequences which comprise "a 

nucleotide sequence contiguous to" the known target nucleotide sequence. As used herein, the 

term "determining a (or the) nucleotide sequence," refers to determining the identity and 

relative positions of the nucleotide bases of a nucleic acid.  

[0055] In some embodiments of methods disclosed herein one or more tailed random 

primers are hybridized to a nucleic acid template (e.g., a template comprising a strand of a 

target nucleic acid) . In some embodiments, a target nucleic acid is present in or obtained 

from a sample comprising a plurality of nucleic acids, one or more of which plurality do not 

comprise the target nucleic acid. In some embodiments, one or more primers (e.g., one or 

more tailed random primers) hybridize to substantially all of the nucleic acids in a sample. In 

some embodiments, one or more primers (e.g., one or more tailed random primers) hybridize 

to nucleic acids that comprise a target nucleic acid and to nucleic acids that do not comprise 

the target nucleotide sequence.  

[00561 Aspects of certain methods disclosed herein relate to contacting a nucleic acid 

template with a plurality of different primers that share a common sequence that is 5' (or 

upstream) to different hybridization sequences. In some embodiments the plurality of 

different primers may be referred to as a population of different primers. In some 

embodiments, the common sequence may be referred to as a tail, as such the primers are 

referred to as "tailed primers." In some embodiments, different hybridization sequences of a 
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population comprise nucleotide sequences that occur randomly or pseudorandomly within the 

population. In some embodiments, nucleotide sequences that occur randomly within a 

population contain no recognizable regularities, such that, for each nucleotide of each 

sequence in the population, there is an equal likelihood that the nucleotide comprises a base 

that is complementary with A, T, G, or C. In such embodiments, it should be appreciated that 

each nucleotide comprising a base that is complementary with A, T, G, or C may be a 

naturally occurring nucleotide, a non-naturally occurring nucleotide or a modified nucleotide.  

[00571 As used herein, a "common sequence" or "shared sequence" refers to a nucleotide 

sequence that is present in each nucleic acid of a population of nucleic acids. In some 

embodiments, the common sequence is in a range of about 4 to 75, 4 to 50, 4 to 30, or 4 to 20 

nucleotides in length. In some embodiments, the common sequence is 4, 5, 6, 7, 8, 9, 10, 11, 

12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36, 

37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61, 

62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, or 75 nucleotides in length.  

[00581 As used herein, the term "tailed random primer" refers to a single-stranded 

nucleic acid molecule having a 5' nucleotide sequence (e.g., a 5' nucleotide sequence 

identical or complementary to a first sequencing primer) and a 3' nucleic acid sequence, in 

which the 3' nucleotide comprises random nucleotides (e.g., from about 3 to about 15 random 

nucleotides, about 6 to about 12 random nucleotides). In some embodiments, the 3' 

nucleotide sequence comprising random nucleotides is at least 6 nucleotides in length, e.g. 6 

nucleotides or more, 7 nucleotides or more, 8 nucleotides or more, 9 nucleotides or more, 10 

nucleotides or more, 11 nucleotides or more, 12 nucleotides or more, 13 nucleotides or more, 

14 nucleotides or more, 15 nucleotides or more, 20 nucleotides or more, 25 nucleotides or 

more in length. In some embodiments, the 3' nucleotide sequence comprising random 

nucleotides is 3 to 6 nucleotides in length, 3 to 9 nucleotides in length, 3 to 12 nucleotides in 

length, 5 to 9 nucleotides in length, 6 to 12 nucleotides in length, 3 to 25 nucleotides in 

length, 6 to 15 nucleotides in length, or 6 to 25 nucleotides in length. In some embodiments, 

a tailed random primer can further comprise a spacer between the 5' nucleotide sequence and 

the 3' nucleotide sequence comprising about 6 to about 12 random nucleotides. In some 

embodiments, the spacer is a molecular barcode, e.g., that independently tags a template 

nucleic acid (e.g., a template RNA). In some embodiments, the spacer may be 3 to 6 

nucleotides in length, 3 to 12 nucleotides in length, 3 to 25 nucleotides in length, 3 to 45 

nucleotides in length, 6 to 12 nucleotides in length, 8 to 16 nucleotides in length, 6 to 25 

nucleotides in length, or 6 to 45 nucleotides in length. In some embodiments, for a 

populations of primers, the spacer is composed of random nucleotides (e.g., NNNNNNNNN, 
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in which each of N is independently selected from A, G, C, and T). In some embodiments, 

the spacer (e.g., a molecular barcode(MBC)) is flanked by two common regions that are 

complementary. In some embodiments, the complementary common regions base pair to 

form the stem of a hairpin having a loop portion that comprises the MBC (e.g., as decpicted 

in FIG. 3). In some embodiments, this hairpin configuration protects the MBC from anneling 

to other targets inhibiting the RT reaction of the extension reaction in the case of 5' fusions.In 

some embodiments, a population of tailed random primers can comprise individual primers 

with varying 3' sequences. In some embodiments, a population of tailed random primers can 

comprise individual primers with identical 5' nucleotide squences, e.g., they are all 

compatible with the same sequencing primer. In some embodiments, a population of tailed 

random primers can comprise individual primers with varying 5' nucleotide sequences, e.g.  

an first individual primer is compatible with a first sequencing primer and a second individual 

primer is compatible with a second sequencing primer.  

[00591 As used herein, a "hybridization sequence" refers to a sequence of a nucleic acid, 

such as a portion of a primer, that that has sufficient complementary with a sequence of 

another nucleic acid (e.g., a template molecule, a target sequence) to enable hybridization 

between nucleic acid. In some embodiments, the hybridization sequence is about 5, 6, 7, 8, 9, 

10, 11, 12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 

35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more nucleotides in length. In 

some embodiments, the hybridization sequence is in a range of 5 to 50 nucleotides in length, 

5 to 40 nucleotides in length, 5 to 35 nucleotides in length, 5 to 30 nucleotides in length, 5 to 

25 nucleotides in length, 5 to 20 nucleotides in length, 5 to 15 nucleotides in length, 5 to 10 

nucleotides in length, 10 to 40 nucleotides in length, 10 to 30 nucleotides in length, or 10 to 

20 nucleotides in length.  

[00601 In some embodiments, methods described herein comprises an extension regimen 

or step. In such embodiments, extension may proceed from one or more hybridized tailed 

random primers, using the nucleic acid molecules which the primers are hybridized to as 

templates. Extension steps are described herein. In some embodiments, one or more tailed 

random primers can hybridize to substantially all of the nucleic acids in a sample, many of 

which may not comprise a known target nucleotide sequence. Accordingly, in some 

embodiments, extension of random primers may occur due to hybridization with templates 

that do not comprise a known target nucleotide sequence.  

[00611 In some embodiments, methods described herein may involve a polymerase chain 

reaction (PCR) amplification regimen, involving one or more amplification cycles. As used 

herein, the term "amplification regimen" refers to a process of specifically amplifying( 
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increasing the abundance of) a nucleic acid of interest. In some embodiments, exponential 

amplification occur when products of a previous polymerase extension serve as templates for 

successive rounds of extension. In some embodiments, a PCR amplification regimen 

according to methods disclosed herein may comprise at least one, and in some cases at least 5 

or more iterative cycles. In some embodiments each iterative cycle comprises steps of: 1) 

strand separation (e.g., thermal denaturation); 2) oligonucleotide primer annealing to template 

molecules; and 3) nucleic acid polymerase extension of the annealed primers. In should be 

appreciated that any suitable conditions and times involved in each of these steps may be 

used. In some embodiments, conditions and times selected may depend on the length, 

sequence content, melting temperature, secondary structural features, or other factors relating 

to the nucleic acid template and/or primers used in the reaction. In some embodiments, an 

amplification regimen according to methods described herein is performed in a thermal 

cycler, many of which are commercially available.  

[0062] In some embodiments, a nucleic acid extension reaction involves the use of a 

nucleic acid polymerase. As used herein, the phrase "nucleic acid polymerase" refers an 

enzyme that catalyzes the template-dependent polymerization of nucleoside triphosphates to 

form primer extension products that are complementary to the template nucleic acid 

sequence. A nucleic acid polymerase enzyme initiates synthesis at the 3' end of an annealed 

primer and proceeds in the direction toward the 5' end of the template. Numerous nucleic 

acid polymerases are known in the art and commercially available. One group of nucleic acid 

polymerases are thermostable, i.e., they retain function after being subjected to temperatures 

sufficient to denature annealed strands of complementary nucleic acids, e.g. 94 °C, or 

sometimes higher. A non-limiting example of a protocol for amplification involves using a 

polymerase (e.g., Phoenix Taq, VeraSeq) under the following conditions: 98 °C for 30s, 

following by 14-22 cycles comprising melting at 98 °C for 10s, followed by annealing at 68 

°C for 30s, followed by extension at 72 °C 3 min, followed by holding of the reaction at 4 °C.  

However, other appropriate reaction conditions may be used. In some embodiments, 

annealing/extension temperatures may be adjusted to account for differences in salt 

concentration (e.g., 3 °C higher to higher salt concentrations). In some embodiments, 

slowing the ramp rate (e.g., 1 C/s, 0.5 °C/s, 0.28 °C/s, 0.1 °C/s or slower), for example, from 

98 °C to 65 °C, improves primer performance and coverage uniformity in highly multiplexed 

samples.  

[00631 In some embodiments, a nucleic acid polymerase is used under conditions in 

which the enzyme performs a template-dependent extension. In some embodiments, the 

nucleic acid polymerase is DNA polymerase I, Taq polymerase, Pheonix Taq polymerase, 
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Phusion polymerase, T4 polymerase, T7 polymerase, Klenow fragment, Klenow exo-, phi29 

polymerase, AMV reverse transcriptase, M-MuLV reverse transcriptase, HIV-1 reverse 

transcriptase, VeraSeq ULtra polymerase, VeraSeq HF 2.0 polymerase, EnzScript or another 

appropriate polymerase. In some embodiments, a nucleic acid polymerase is not a reverse 

transcriptase. In some embodiments, a nucleic acid polymerase acts on a DNA template. In 

some embodiments, the nucleic acid polymerase acts on an RNA template. In some 

embodiments, an extension reaction involves reverse transcription performed on an RNA to 

produce a complementary DNA molecule (RNA-dependent DNA polymerase activity). In 

some embodiments, a reverse transcriptase is a mouse molony murine leukemia virus (M

MLV) polymerase, AMV reverse transcriptase, RSV reverse transcriptase, HIV-1 reverse 

transcriptase, HIV-2 reverse transcriptase or another appropriate reverse transcriptase.  

[0064] In some embodiments, a nucleic acid amplification reaction involves cycles 

including a strand separation step generally involving heating of the reaction mixture. As 

used herein, the term "strand separation" or "separating the strands" means treatment of a 

nucleic acid sample such that complementary double-stranded molecules are separated into 

two single strands available for annealing to an oligonucleotide primer. In some 

embodiments, strand separation according to the methods described herein is achieved by 

heating the nucleic acid sample above its melting temperature (Tm). In some embodiments, 

for a sample containing nucleic acid molecules in a reaction preparation suitable for a nucleic 

acid polymerase, heating to 940 C is sufficient to achieve strand separation. In some 

embodiments, a suitable reaction preparation contains one or more salts (e.g., I to 100 mM 

KCl, 0.1 to 10 MgCl 2), at least one buffering agent (e.g., I to 20 mM Tris-HCL), and a carrier 

(e.g., 0.01 to 0.5% BSA). A non-limiting example of a suitable buffer comprises 50 mM 

KCl, 10 mM Tris-HCl (pH 8.8@25 C), 0.5 to 3 mM MgCl 2 , and 0.1% BSA.  

[00651 In some embodiments, a nucleic acid amplification involves annealing primers to 

nucleic acid templates having a strands characteristic of a target nucleic acid. In some 

embodiments, a strand of a target nucleic acid can serve as a template nucleic acid.  

[00661 As used herein, the term "anneal" refers to the formation of one or more 

complementary base pairs between two nucleic acids. In some embodiments, annealing 

involve two complementary or substantially complementary nucleic acids strands hybridizing 

together. In some embodiments, in the context of an extension reaction annealing involves 

the hybridize of primer to a template such that a primer extension substrate for a template

dependent polymerase enzyme is formed. In some embodiments, conditions for annealing 

(e.g., between a primer and nucleic acid template) may vary based of the length and sequence 

of a primer. In some embodiments, conditions for annealing are based upon a Tm (e.g., a 
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calculated Tm) of a primer. In some embodiments, an annealing step of an extension regimen 

involves reducing the temperature following strand separation step to a temperature based on 

the Tm (e.g., a calculated Tm) for a primer, for a time sufficient to permit such annealing. In 

some embodiments, a Tm can be determined using any of a number of algorithms (e.g., 

OLIGOTM (Molecular Biology Insights Inc. Colorado) primer design software and VENTRO 

NTITM (Invitrogen, Inc. California) primer design software and programs available on the 

internet, including Primer3, Oligo Calculator, and NetPrimer (Premier Biosoft; Palo Alto, 

CA; and freely available on the world wide web (e.g., at 

premierbiosoft.com/netprimer/netprlaunch/Help/xnetprlaunch.html). In some embodiments, 

the Tm of a primer can be calculated using following formula, which is used by NetPrimer 

software and is described in more detail in Frieir et al. PNAS 1986 83:9373-9377 which is 

incorporated by reference herein in its entirety.  

Tm = AH/(AS + R * ln(C/4)) + 16.6 log ([K+]/(1 + 0.7 [K+])) - 273.15 

wherein, AH is enthalpy for helix formation; AS is entropy for helix formation; R is molar gas 

constant (1.987 cal/°C * mol); C is the nucleic acid concentration; and [K+] is salt concentration.  

For most amplification regimens, the annealing temperature is selected to be about 5° C below 

the predicted Tm, although temperatures closer to and above the Tm (e.g., between 1° C and 5° C 

below the predicted Tm or between 1° C and 5° C above the predicted Tm) can be used, as can, for 

example, temperatures more than 5° C below the predicted Tm (e.g., 6° C below, 8° C below, 10° 

C below or lower). In some embodiments, the closer an annealing temperature is to the Tm, the 

more specific is the annealing. In some embodiments, the time used for primer annealing during 

an extension reaction (e.g., within the context of a PCR amplification regimen) is determined 

based, at least in part, upon the volume of the reaction (e.g., with larger volumes involving longer 

times). In some embodiments, the time used for primer annealing during an extension reaction 

(e.g., within the context of a PCR amplification regimen) is determined based, at least in part, 

upon primer and template concentrations (e.g., with higher relative concentrations of primer to 

template involving less time than lower relative concentrations). In some embodiments, 

depending upon volume and relative primer/template concentration, primer annealing steps in an 

extension reaction (e.g., within the context of an amplification regimen) can be in the range of 1 

second to 5 minutes, 10 seconds and 2 minutes, or 30 seconds to 2 minutes. As used herein, 

"substantially anneal" refers to an extent to which complementary base pairs form between two 

nucleic acids that, when used in the context of a PCR amplification regimen, is sufficient to 

produce a detectable level of a specifically amplified product.  

[00671 As used herein, the term "polymerase extension" refers to template-dependent 

addition of at least one complementary nucleotide, by a nucleic acid polymerase, to the 3' end 
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of an primer that is anneal to a nucleic acid template. In some embodiments, polymerase 

extension adds more than one nucleotide, e.g., up to and including nucleotides corresponding 

to the full length of the template. In some embodiments, conditions for polymerase extension 

are based, at least in part, onthe identity of the polymerase used. In some embodiments, the 

temperature used for polymerase extension is based upon the known activity properties of the 

enzyme. In some embodmients, in which annealing temperatures are below the optimal 

temperatures for the enzyme, it may be acceptable to use a lower extension temperature. In 

some embodiments, enzymes may retain at least partial activity below their optimal extension 

temperatures. In some embodiments, a polymerase extension (e.g., performed thermostable 

polymerases) (e.g., Taq polymerase and variants thereof) is performed at 650 C to 75 C or 

68° C to 72° C. In some embodmients, methods provided herein involve polymerase 

extension of primers that are anneal to nucleic acid templates at each cycle of a PCR 

amplification regimen. In some embodiments, a polymerase extension is performed using a 

polymerase that has relatively strong strand displacement activity. In some embodiments, 

polymerases having strong strand displacement are useful for preparing nucleic acids for 

purposes of detecting fusions (e.g., 5' fusions).  

[00681 In some embodiments, primer extension is performed under conditions that permit 

the extension of annealed oligonucleotide primers. As used herein, the term "conditions that 

permit the extension of an annealed oligonucleotide such that extension products are 

generated" refers to the set of conditions including, for example temperature, salt and co

factor concentrations, pH, and enzyme concentration under which a nucleic acid polymerase 

catalyzes primer extension. In some embodiments, such conditions are based, at least in part, 

on the nucleic acid polymerase being used. In some embodiments, a polymerase may 

perform a primer extension reaction in a suitable reaction preparation. In some embodiments, 

a suitable reaction preparation contains one or more salts (e.g., I to 100 mM KCl, 0.1 to 10 

MgCl2 ), at least one buffering agent (e.g., I to 20 mM Tris-HCL), a carrier (e.g., 0.01 to 0.5% 

BSA) and one or more NTPs (e.g, 10 to 200 uM of each of dATP, dTTP, dCTP, and dGTP).  

non-limiting set of conditions is 50 mM KCl, 10 mM Tris-HCl (pH 8.8@25 C), 0.5 to 3 mM 

MgCl2 , 200 uM each dNTP, and 0.1% BSA at 72° C, under which a polymerase (e.g., Taq 

polymerase) catalyzes primer extension. In some embodiments, conditions for initiation and 

extension may include the presence of one, two, three or four different deoxyribonucleoside 

triphosphates (e.g., selected from dATP, dTTP, dCTP, and dGTP) and a polymerization

inducing agent such as DNA polymerase or reverse transcriptase, in a suitable buffer. In 

some embodiments, a "buffer" may include solvents (e.g., aqueous solvents) plus appropriate 

cofactors and reagents which affect pH, ionic strength, etc.).  
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[00691 In some embodiments, nucleic acid amplification involve up to 5, up to 10, up to 

20, up to 30, up to 40 or more rounds (cycles) of amplification. In some embodiments, 

nucleic acid amplification may comprise a set of cycles of a PCR amplification regimen from 

5 cycles to 20 cycles in length. In some embodiments, an amplification step may comprise a 

set of cycles of a PCR amplification regimen from 10 cycles to 20 cycles in length. In some 

embodiments, each amplification step can comprise a set of cycles of a PCR amplification 

regimen from 12 cycles to 16 cycles in length. In some embodiments, an annealing 

temperature can be less than 70 °C. In some embodiments, an annealing temperature can be 

less than 72 °C. In some embodiments, an annealing temperature can be about 65 °C. In 

some embodiments, an annealing temperature can be from about 61 to about 72 °C.  

[00701 In various embodiments, methods and compositions described herein relate to 

performing a PCR amplification regimen with one or more of the types of primers described 

herein. As used herein, "primer" refers to an oligonucleotide capable of specifically 

annealing to a nucleic acid template and providing a 3' end that serves as a substrate for a 

template-dependent polymerase to produce an extension product which is complementary to 

the template. In some embodiments, a primer useful in methods described herein is single

stranded, such that the primer and its complement can anneal to form two strands. Primers 

according tomethods and compositions described herein may comprise a hybridization 

sequence (e.g., a sequence that anneals with a nucleic acid template) that is less than or equal 

to 300 nucleotides in length, e.g., less than or equal to 300, or 250, or 200, or 150, or 100, or 

90, or 80, or 70, or 60, or 50, or 40, or 30 or fewer, or 20 or fewer, or 15 or fewer, but at least 

6 nucleotides in length. In some embodiments, a hybridization sequence sequence of a 

primer may be 6 to 50 nucleotides in length, 6 to 35 nucleotides in length, 6 to 20 nucleotides 

in length, 10 to 25 nucleotides in length.  

[00711 Any suitable method may be used for synthesizing oligonucleotides and primers.  

In some embodiments,commercial sources offer oligonucleotide synthesis services suitable 

for providing primers for use in methods and compositions described herein, e.g.  

INVITROGENTM Custom DNA Oligos; Life Technologies; Grand Island, NY or custom 

DNA Oligos from IDT; Coralville, IA).  

[0072] In some embodiments, after an extension from a tailed random primer has 

occurred, the extension product and template can be amplified in a first amplification step. In 

some embodiments, amplification may involve a set of PCR amplification cycles using a first 

target-specific primer and a first tail primer. In some embodiments, the amplification may 

result in at least part of the tailed random primer sequence present in the extension product 
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being amplified. In some embodiments, the amplification may result in all of the tailed 

random primer sequence present in the extension product being amplified.  

[00731 As used herein, the term "first target-specific primer" refers to a single-stranded 

oligonucleotide comprising a nucleic acid sequence that can specifically anneal under suitable 

annealing conditions to a nucleic acid template that has a strand characteristic of a target 

nucleic acid.  

[0074] In some embodiments, a primer (e.g., a target specific primer) can comprise a 5' 

tag sequence portion. In some embodiments, multiple primers (e.g., all first-target specific 

primers) present in a reaction can comprise identical 5' tag sequence portions. In some 

embodiments, in a multiplex PCR reaction, different primer species can interact with each 

other in an off-target manner, leading to primer extension and subsequently amplification by 

DNA polymerase. In such embodiments, these primer dimers tend to be short, and their 

efficient amplification can overtake the reaction and dominate resulting in poor amplification 

of desired target sequence. Accordingly, in some embodiments, the inclusion of a 5' tag 

sequence in primers (e.g., on target specific primer(s)) may result in formation ofprimer 

dimers that contain the same complementary tails on both ends. In some embodiments, in 

subsequent amplification cycles, such primer dimers would denature into single-stranded 

DNA primer dimers, each comprising complementary sequences on their two ends which are 

introduced by the 5' tag. In some embodiments, instead of primer annealing to these single 

stranded DNA primer dimers, an intra-molecular hairpin (a panhandle like structure) 

formation may occur due to the proximate accessibility of the complementary tags on the 

same primer dimer molecule instead of an inter-molecular interaction with new primers on 

separate molecules. Accordingly, in some embodiments, these primer dimers may be 

inefficiently amplified, such that primers are not exponentially consumed by the dimers for 

amplification; rather the tagged primers can remain in high and sufficient concentration for 

desired specific amplification of target sequences. In some embodiments, accumulation of 

primer dimers may be undesirable in the context of multiplex amplification because they 

compete for and consume other reagents in the reaction.  

[00751 In some embodiments, a 5' tag sequence can be a GC-rich sequence. In some 

embodiments, a 5' tag sequence may comprise at least 50% GC content, at least 55% GC 

content, at least 60% GC content, at least 65% GC content, at least 70% GC content, at least 

75% GC content, at least 80% GC content, or higher GC content. In some embodiments, a 

tag sequence may comprise at least 60% GC content. In some embodiments, a tag sequence 

may comprise at least 65% GC content.  
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[00761 In some embodiments, a target-specific primer (e.g., a second target-specific 

primer) is a single-stranded oligonucleotide comprising a 3' portion comprising a nucleic acid 

sequence that can specifically anneal to a portion of a known target nucleotide sequence of an 

amplicon of an amplification reaction, and a 5' portion comprising a tag sequence (e.g., a 

nucleotide sequence that is identical to or complementary to a sequencing primer (e.g., a 

second sequencing primer).  

[00771 In some embodiments, a second target-specific primer of an amplification 

regimen is nested with respect to a first target-specific primer of the amplification regimen .  

In some embodiments, the second target-specific primer is nested with respect to the first 

target-specific primer by at least 3 nucleotides, e.g. by 3 or more, 4 or more, 5 or more, 6 or 

more, 7 or more, 8 or more, 9 or more, 10 or more, or 15 or more nucleotides. In some 

embodiments, all of the target-specific primers (e.g., second target-specific primers) usedin an 

amplification regimencomprise the same 5' portion. In some embodiments, the 5' portion 

target-specific primer can be configured to suppress primer dimers as described herein.  

[00781 In some embodiments, first and second target-specific primers are used in an 

amplification regimen that are substantially complementary to the same strand of a target 

nucleic acid. In some embodiments, portions of the first and second target-specific primers 

that specifically anneal to a target sequence (e.g., a known target sequence) can comprise a 

total of at least 20 unique bases of the known target nucleotide sequence, e.g. 20 or more 

unique bases, 25 or more unique bases, 30 or more unique bases, 35 or more unique bases, 40 

or more unique bases, or 50 or more unique bases. In some embodiments, portions of first 

and second target-specific primers that specifically anneal to a target sequence (e.g., a known 

target sequence) can comprise a total of at least 30 unique bases of the known target 

nucleotide sequence.  

[00791 As used herein, the term "first tail primer" refers to a nucleic acid molecule 

comprising a nucleic acid sequence identical to the tail portion of tailed primer.  

[00801 As used herein, the term "second tail primer" refers to a nucleic acid molecule 

comprising a nucleic acid sequence identical to a portion of a first sequencing primer, 

adapter, index primer, etc. and is optionally nested with respect to a first tailed primer. In 

some embodiments, the second tail primer sits outside of the first tail primer to facilitate 

addition of appropriate index tags, adapters (e.g., for use in a sequencing platform), etc. In 

some embodiments, a second tailed primer is identical to a sequencing primer. In some 

embodiments, a second tailed primer is complementary to a sequencing primer.  

[00811 In some embodiments, a second tail primer is nested with respect to a first tail 

primer. In some embodiments, a second tail primer is not nested with respect to a first tail 
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primer. In some embodiments, tail primers of an amplification regimen are nested with 

respect to one another by at least 3 nucleotides, e.g. by 3 nucleotides, by 4 nucleotides, by 5 

nucleotides, by 6 nucleotides, by 7 nucleotides, by 8 nucleotides, by 9 nucleotides, by 10 

nucleotides or more.  

[0082] In some embodiments, a first tail primer comprises a nucleic acid sequence 

identical to or complementary to the extension product of step (b) strand which is not 

comprised by the second tail primer and which is located closer to the 5' end of the tailed 

random primer than any of the sequence identical to or complementary to the second tail 

primer. Thus, in some embodiments, a second tail primer sits outside of a region added by a 

random tail primer (5' end), e.g., within the 5' tail added by the first tail primers.  

[00831 In some embodiments, a first tail primer can comprise a nucleic acid sequence 

identical to or complementary to a stretch (e.g., of about 20 nucleotides) of the 5'-most 

nucleotides of a tailed random primer, and a second tail primer can comprise a nucleic acid 

sequence identical to or complementary to about 30 bases of a tailed random primer, with a 5' 

nucleotides that is at least 3 nucleotides 3' of the 5' terminus of the tailed random primer.  

[0084] In some embodiments, use of nested tail primers minimizes or eliminates the 

production of final amplicons that are amplifiable (e.g. during bridge PCR or emulsion PCR) 

but cannot be sequenced, a situation that can arise during hemi-nested methods. In some 

embodiments, hemi-nested approaches using a primer identical to a sequencing primer can 

result in the carry-over of undesired amplification products from a first PCR step to a second 

PCR step and may yield artificial sequencing reads. In some embodiments, the use of two tail 

primers, as described herein can reduce, and in some embodiments eliminate, these problems.  

[00851 In some embodiments, in a first PCR amplification cycle of a first amplification 

step, a first target-specific primer can specifically anneal to a template strand of any nucleic 

acid comprising the known target nucleotide sequence. In some embodiments, depending 

upon the orientation with which the first target-specific primer was designed, sequence 

upstream or downstream of the known target nucleotide sequence, and complementary to the 

template strand will be synthesized. In some embodiments, in which an extension product is 

formed that comprises the hybridization sequence with which the first target-specific primer 

forms complementary base pairs, adouble-stranded amplification product can be formed that 

comprises the first target-specific primer (and the sequence complementary thereto), the 

target nucleotide sequence downstream of the first target-specific primer (and the sequence 

complementary thereto), and the tailed random primer sequence (and the sequence 

complementary thereto). In such embodiments, in subsequent PCR amplification cycles, both 

the first target-specific primer and the first tail primer are capable of specifically annealling to 
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appropriate strands of the amplification product and the sequence between the known 

nucleotide target sequence and the tailed random primer can be amplified.  

[00861 In some embodiments, of methods described herein, a portion of an amplified 

product (an amplicon) is amplified in further rounds of amplification. In some embodiments, 

the further rounds of amplification may involve PCR amplification cycles performed using a 

second target-specific primer and a first sequencing primer or a second tail primer. In some 

embodiments, a PCR amplification cycles may involve the use of PCR parameters identical 

to, or which differ from, those of one or moreother (e.g., prior) of PCR amplification cycles.  

In some embodiments, PCR amplification regimens can have the same or different annealing 

temperatures or the same or different extension step time lengths.  

[00871 In some embodiments, methods described herein allow for determining the 

nucleotide sequence contiguous to a known target nucleotide sequence on either or both 

flanking regions of the known target nucleotide sequence. Regardless of whether the target 

nucleic acid normally exists as a single-stranded or double-stranded nucleic acid, sequence 

information may be represented in a single-stranded format (Strand A), from 5' to 3'. In 

some embodiments, if the sequence 5' to a known target nucleotide sequence of Strand A is 

to be determined, gene-specific primers can be complementary to (anneal to) Strand A. If the 

sequence 3' to a known target nucleotide sequence of Strand A is to be determined, the gene

specific primers can be identical to Strand A, such that they will anneal to the complementary 

strand of a double-stranded target nucleic acid.  

[00881 In some embodiments, methods described herein, relating to the use of a first and 

second gene-specific primer can result in assays with a superior on-target rate, e.g. 70-90%.  

In some embodiments, the assays and methods described herein can have a target specificity 

rate of at least 85%.  

[00891 In some embodiments, primers disclosed herein (e.g., target-specific primers, tail 

primers) are designed such that they will specifically anneal to their complementary 

sequences at an annealing temperature of from about 61 to 72°C, e.g. from about 61 to 69 °C, 

from about 63 to 69 °C, from about 63 to 67 °C, from about 64 to 66 °C. In some 

embodiments, primers disclosed herein are designed such that they will specifically anneal to 

their complementary sequences at an annealing temperature of less than 72 °C. In some 

embodiments, primers disclosed herein are designed such that they will specifically anneal to 

their complementary sequences at an annealing temperature of less than 70 °C. In some 

embodiments, primers disclosed herein are designed such that they will specifically anneal to 

their complementary sequences at an annealing temperature of less than 68 °C. In some 
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embodiments, primers disclosed herein are designed such that they will specifically anneal to 

their complementary sequences at an annealing temperature of about 65 °C.  

[0090] In some embodiments, portions of the target-specific primers that specifically 

anneal to the known target nucleotide sequence will anneal specifically at a temperature of 

about 61 to 72°C, e.g. from about 61 to 69 °C, from about 63 to 69 °C, from about 63 to 67 

°C, from about 64 to 66 °C. In some embodiments, portions of the target-specific primers 

that specifically anneal to the known target nucleotide sequence will anneal specifically at a 

temperature of about 65°C in a PCR buffer.  

[0091] In some embodiments, primers described herein do not comprise modified bases 

(e.g. the primers can not comprise a blocking 3' amine). However, in some embodiments, 

primers described herein do comprise modified or non-naturally occurring bases. In some 

embodiments, primers may be modified with a label capable of providing a detectable signal, 

either directly or indirectly. Non-limiting examples of such labels include radioisotopes, 

fluorescent molecules, biotin, and others. In some embodiments, primers disclosed herein 

may include contain a biotin linker or other suitable linker (e.g., for conjugating the primer to 

a support). In some embodiments, primer may contain a target sequence of an endonucleases 

such that cleavage with the appropriate enzyme. In other embodiments, the 5' end of a 

primer may include a sequence that is complementary with a nucleic acid bound to a bead or 

other support, e.g., a flow cell substrate. Primers may or may not comprise modified 

internucleoside linkages.  

[0092] In some embodiments, of methods described herein, nucleic acids (e.g., amplified 

nucleic acids, extension products, target nucleic acids) can be sequenced. In some 

embodiments, sequencing can be performed by a next-generation sequencing method. As 

used herein "next-generation sequencing" refers to oligonucleotide sequencing technologies 

that have the capacity to sequence oligonucleotides at speeds above those possible with 

conventional sequencing methods (e.g. Sanger sequencing), due to performing and reading 

out thousands to millions of sequencing reactions in parallel. Non-limiting examples of next

generation sequencing methods/platforms include Massively Parallel Signature Sequencing 

(Lynx Therapeutics); 454 pyro-sequencing (454 Life Sciences/ Roche Diagnostics); solid

phase, reversible dye-terminator sequencing (Solexa/Illumina): SOLiD technology (Applied 

Biosystems); Ion semiconductor sequencing (ION Torrent); DNA nanoball sequencing 

(Complete Genomics); and technologies available from Pacific Biosciences, Intelligen Bio

systems, Oxford Nanopore Technologies, and Helicos Biosciences. In some embodiments, 

the sequencing primers can comprise portions compatible with the selected next-generation 

sequencing method. Next-generation sequencing technologies and the constraints and design 
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parameters of associated sequencing primers are well known in the art (see, e.g. Shendure, et 

al., "Next-generation DNA sequencing," Nature, 2008, vol. 26, No. 10, 1135-1145; Mardis, 

"The impact of next-generation sequencing technology on genetics," Trends in Genetics, 

2007, vol. 24, No. 3, pp. 133-141; Su, et al., "Next-generation sequencing and its applications 

in molecular diagnostics" Expert Rev Mol Diagn, 2011, 11(3):333-43; Zhang et al., "The 

impact of next-generation sequencing on genomics", J Genet Genomics, 2011, 38(3):95-109; 

(Nyren, P. et al. Anal Biochem 208: 17175 (1993); Bentley, D. R. Curr Opin Genet Dev 

16:545-52 (2006); Strausberg, R. L., et al. Drug Disc Today 13:569-77 (2008); U.S. Pat. No.  

7,282,337; U.S. Pat. No. 7,279,563; U.S. Pat. No. 7,226,720; U.S. Pat. No. 7,220,549; U.S.  

Pat. No. 7,169,560; U.S. Pat. No. 6,818,395; U.S. Pat. No. 6,911,345; US Pub. Nos.  

2006/0252077; 2007/0070349; and 20070070349; which are incorporated by referene herein 

in their entireties).  

[00931 In some embodiments, the sequencing step involve the use of a first and second 

sequencing primers. In some embodiments, the first and second sequencing primers are 

selected to be compatible with a next-generation sequencing method as described herein.  

[0094] Methods of aligning sequencing reads to known sequence databases of genomic 

and/or cDNA sequences are well known in the art and software is commercially available for 

this process. In some embodiments, reads (less the sequencing primer nucleotide sequence) 

which do not map, in their entirety, to wild-type sequence databases can be genomic 

rearrangements or large indel mutations. In some embodiments, reads (less the sequencing 

primer nucleotide sequence) comprising sequences which map to multiple locations in the 

genome can be genomic rearrangements.  

[00951 In some embodiments, primers may contain additional sequences such as an 

identifier sequence (e.g., a barcode, an index), sequencing primer hybridization sequences 

(e.g., Rdl), and adapter sequences. In some embodiments the adapter sequences are 

sequences used with a next generation sequencing system. In some embodiments, the adapter 

sequences are P5 and P7 sequences for Illumina-based sequencing technology. In some 

embodiments, the adapter sequence are P1 and A compatible with Ion Torrent sequencing 

technology.  

[00961 In some embodiments, as used herein, a "barcode," "molecular barcode," 

"molecular barcode tag" and "index" may be used interchangeably. generally referring to a 

nucleotide sequence of a nucleic acid that is useful as an identifier, such as, for example, a 

source identifier, location identifier, date or time identifier (e.g., date or time of sampling or 

processing), or other identifier of the nucleic acid. In some embodiments, such barcode or 

index sequences are useful for identifying different aspects of a nucleic acid that is present in 

33



WO 2015/112974 PCT/US2015/012891 

a population of nucleic acids. In some embodiments, barcode or index sequences may 

provide a source or location identifier for a target nucleic acid. For example, a barcode or 

index sequence may serve to identify a patient from whom a nucleic acid is obtained. In 

some embodiments, barcode or index sequences enable sequencing of multiple different 

samples on a single reaction (e.g., performed in a single flow cell). In some embodiments, an 

index sequence can be used to orientate a sequence imager for purposes of detecting 

individual sequencing reactions. In some embodiments, a barcode or index sequence may be 

2 to 25 nucleotides in length, 2 to 15 nucleotides in length, 2 to 10 nucleotides in length, 2 to 

6 nucleotides in length. In some embodiments, a barcode or index comprise at least 2, 3, 4, 

5, 6, 7 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or at least 25 nucleotides.  

[00971 In some embodiments, when a population of tailed random primers is used in 

accordance with methods described herein, multiple distinguishable amplification products 

can be present after amplification. In some embodiments, because tailed random primers 

hybridize at various positions throughout nucleic acid molecules of a sample, a set of target

specific primers can hybridize (and amplify) the extension products created by more than 1 

hybridization event, e.g. one tailed random primer may hybridize at a first distance (e.g., 100 

nucleotides) from a target-specific primer hybridization site, and another tailed random 

primer can hybridize at a second distance (e.g., 200 nucleotides) from a target-specific primer 

hybridization site, thereby resulting in two amplification products (e.g., a ~100 bp 

amplification product and a ~200 bp amplification product). In some embodiments, these 

multiple amplification products can each be sequenced in. In some embodiments, 

sequencing of these multiple amplification products is advantageous because it provides 

multiple overlapping sequence reads that can be compare with one another to detect sequence 

errors introduced during amplification or sequencing processes. In some embodiments, 

individual amplification products can be aligned and where they differ in the sequence 

present at a particular base, an artifact or error of PCR and/or sequencing may be present.  

[00981 In some embodiments, target nucleic acids and/or amplification products thereof 

can be isolated from enzymes, primers, or buffer components before and/or after any of 

appropriate step of a method. Any suitable methods for isolating nucleic acids may be usede.  

In some embodiments, the isolation can comprise Solid Phase Reversible Immobilization 

(SPRI) cleanup. Methods for SPRI cleanup are well known in the art and kits are 

commercially available, e.g. Agencourt AMPure XP - PCR Purification (Cat No. A63880, 

Beckman Coulter; Brea, CA). In some embodiments, enzymes can be inactivated by heat 

treatment.  
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[0099] In some embodiments, unhybridized primers can be removed from a nucleic acid 

preparation using appropriate methods (e.g., purification, digestion, etc.). In some 

embodiments, a nuclease (e.g., exonuclease I) is used to remove primer from a preparation.  

In some embodiments, such nucleases are heat inactivated subsequent to primer digestion.  

Once the nucleases are inactivated a further set of primers may be added together with other 

appropriate components (e.g., enzymes, buffers) to perform a further amplification reaction.  

[00100] In some embodiments, a target nucleic acid genomic DNA or a portion thereof.  

In some embodiments, a target nucleic acid can be ribonucleic acid (RNA), e.g. mRNA, or a 

portion thereof. In some embodiments, a target nucleic acid can be a cDNA or a portion 

thereof.  

[00101] Many of the sequencing methods suitable for use in methods described herein 

provide sequencing runs with optimal read lengths of tens to hundreds of nucleotide bases 

(e.g. Ion Torrent technology can produce read lengths of 200-400 bp). Target nucleic acids 

may or may not be substantially longer than this optimal read length. In some embodiments, 

in order for an amplified nucleic acid portion to be of a suitable length for use in a particular 

sequencing technology, the average distance between the known target nucleotide sequence 

and an end of the target nucleic acid to which a tailed random primer is hybridizable should 

be as close to the optimal read length of the selected technology as possible. In some 

embodiments, if the optimal read-length of a given sequencing technology is 200 bp, then the 

nucleic acid molecules amplified in accordance with methods described herein should have 

an average length of about 800 bp, about 700 bp, about 600 bp, about 500 bp, about 400 bp, 

about 300 bp, about 200 bp or less.  

[00102] Nucleic acids used herein (e.g., prior to sequencing) can be sheared, e.g.  

mechanically or enzymatically sheared, to generate fragments of any desired size. Non

limiting examples of mechanical shearing processes include sonication, nebulization, and 

AFATM shearing technology available from Covaris (Woburn, MA). In some embodiments, a 

nucleic acid can be mechanically sheared by sonication.  

[00103] In some embodiments, a target nucleic acid is not sheared or digested. In some 

embodiments, nucleic acid products of preparative steps (e.g., extension products, 

amplification products) are not sheared or enzymatically digested.  

[00104] In some embodiments, when a target nucleic acid an RNA, the sample can be 

subjected to a reverse transcriptase regimen to generate DNA template and the DNA template 

can then be sheared. In some embodiments, target RNA can be sheared before performing a 

reverse transcriptase regimen. In some embodiments, a sample comprising target RNA can 

be used in methods described herein using total nucleic acids extracted from either fresh or 
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degraded specimens; without the need of genomic DNA removal for cDNA sequencing; 

without the need of ribosomal RNA depletion for cDNA sequencing; without the need of 

mechanical or enzymatic shearing in any of the steps; by subjecting the RNA for double

stranded cDNA synthesis using random hexamers.  

[00105] In some embodiments, a known target nucleic acid can contain a fusion sequence 

resulting from a gene rearrangement. In some embodiments, methods described herein are 

suited for determining the presence and/or identity of a gene rearrangement. In some 

embodiments, identity of one porition of a gene rearrangement is previously known (e.g., the 

portion of a gene rearrangement that is to be targeted by the gene-specific primers) and the 

sequence of the other portion may be determined using methods disclosed herein. In some 

embodiments, a gene rearrangement can involves an oncogene. In some embodiments, a 

gene rearrangement can comprise a fusion oncogene.  

[00106] In some embodiments, a target nucleic acid is present in or obtained from an 

appropriate sample (e.g., a food sample, environmental sample, biological sample e.g., blood 

sample, etc.) . In some embodiments, the is a biological sample obtained from a subject. In 

some embodiments a sample can be a diagnostic sample obtained from a subject. In some 

embodiments, a sample can further comprise proteins, cells, fluids, biological fluids, 

preservatives, and/or other substances. By way of non-limiting example, a sample can be a 

cheek swab, blood, serum, plasma, sputum, cerebrospinal fluid, urine, tears, alveolar isolates, 

pleural fluid, pericardial fluid, cyst fluid, tumor tissue, tissue, a biopsy, saliva, an aspirate, or 

combinations thereof. In some embodiments, a sample can be obtained by resection or 

biopsy.  

[00107] In some embodiments, the sample can be obtained from a subject in need of 

treatment for a disease associated with a genetic alteration, e.g. cancer or a herediatary 

disease. In some embodiments, a known target sequence is present in a disease-associated 

gene.  

[00108] In some embodiments, a sample is obtained from a subject in need of treatment 

for cancer. In some embodiments, the sample comprises a population of tumor cells, e.g. at 

least one tumor cell. In some embodiments, the sample comprises a tumor biopsy, including 

but not limited to, untreated biopsy tissue or treated biopsy tissue (e.g. formalin-fixed and/or 

paraffin-embedded biopsy tissue).  

[00109] In some embodiments, the sample is freshly collected. In some embodiments, the 

sample is stored prior to being used in methods and compositions described herein. In some 

embodiments, the sample is an untreated sample. As used herein, "untreated sample" refers 

to a biological sample that has not had any prior sample pre-treatment except for dilution 
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and/or suspension in a solution. In some embodiments, a sample is obtained from a subject 

and preserved or processed prior to being utilized in methods and compositions described 

herein. By way of non-limiting example, a sample can be embedded in paraffin wax, 

refrigerated, or frozen. A frozen sample can be thawed before determining the presence of a 

nucleic acid according to methods and compositions described herein. In some 

embodiments, the sample can be a processed or treated sample. Exemplary methods for 

treating or processing a sample include, but are not limited to, centrifugation, filtration, 

sonication, homogenization, heating, freezing and thawing, contacting with a preservative 

(e.g. anti-coagulant or nuclease inhibitor) and any combination thereof. In some 

embodiments, a sample can be treated with a chemical and/or biological reagent. Chemical 

and/or biological reagents can be employed to protect and/or maintain the stability of the 

sample or nucleic acid comprised by the sample during processing and/or storage. In 

addition, or alternatively, chemical and/or biological reagents can be employed to release 

nucleic acids from other components of the sample. By way of non-limiting example, a blood 

sample can be treated with an anti-coagulant prior to being utilized in methods and 

compositions described herein. Suitable methods and processes for processing, preservation, 

or treatment of samples for nucleic acid analysis may be used in the method disclosed herein.  

In some embodiments, a sample can be a clarified fluid sample, for example, by 

centrifugation. In some embodiments, a sample can be clarified by low-speed centrifugation 

(e.g. 3,000 x g or less) and collection of the supernatant comprising the clarified fluid sample.  

[00110] In some embodiments, a nucleic acid present in a sample can be isolated, 

enriched, or purified prior to being utilized in methods and compositions described herein.  

Suitable methods of isolating, enriching, or purifying nucleic acids from a sample may be 

used. For example, kits for isolation of genomic DNA from various sample types are 

commercially available (e.g. Catalog Nos. 51104, 51304, 56504, and 56404; Qiagen; 

Germantown, MD). In some embodiments, methods described herein relate to methods of 

enriching for target nucleic acids, e.g., prior to a sequencing of the target nucleic acids. In 

some embodiments, a sequence of one end of the target nucleic acid to be enriched is not 

known prior to sequencing. In some embodiments, methods described herein relate to 

methods of enriching specific nucleotide sequences prior to determining the nucleotide 

sequence using a next-generation sequencing technology. In some embodiments, methods of 

enriching specific nucleotide sequences do not comprise hybridization enrichment.  

[00111] Methods described herein can be employed in a multiplex format. In 

embodiments of methods described herein, multiplex applications can include determining 

the nucleotide sequence contiguous to one or more known target nucleotide sequences. As 
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used herein, "multiplex amplification" refers to a process involve simultaneous amplification 

of more than one target nucleic acid in one reaction vessel. In some embodiments, methods 

involve subsequent determination of the sequence of the multiplex amplification products 

using one or more sets of primers. Multiplex can refer to the detection of between about 2

1,000 different target sequences in a single reaction. As used herein, multiplex refers to the 

detection of any range between 2-1,000, e.g., between 5-500, 25-1000, or 10-100 different 

target sequences in a single reaction, etc. The term "multiplex" as applied to PCR implies 

that there are primers specific for at least two different target sequences in the same PCR 

reaction.  

[00112] In some embodiments, target nucleic acids in a sample, or separate portions of a 

sample, can be amplified with a plurality of primers (e.g., a plurality of first and second 

target-specific primers). In some embodiments, the plurality of primers (e.g., a plurality of 

first and second target-specific primers) can be present in a single reaction mixture, e.g.  

multiple amplification products can be produced in the same reaction mixture. In some 

embodiments, the plurality of primers (e.g., a plurality of sets of first and second target

specific primers) can specifically anneal to known target sequences comprised by separate 

genes. In some embodiments, at least two sets of primers (e.g., at least two sets of first and 

second target-specific primers) can specifically anneal to different portions of a known target 

sequence. In some embodiments, at least two sets of primers (e.g., at least two sets of first 

and second target-specific primers) can specifically anneal to different portions of a known 

target sequence comprised by a single gene. In some embodiments, at least two sets of 

primers (e.g., at least two sets of first and second target-specific primers) can specifically 

anneal to different exons of a gene comprising a known target sequence. In some 

embodiments, the plurality of primers (e.g., first target-specific primers) can comprise 

identical 5' tag sequence portions.  

[00113] In embodiments of methods described herein, multiplex applications can include 

determining the nucleotide sequence contiguous to one or more known target nucleotide 

sequences in multiple samples in one sequencing reaction or sequencing run. In some 

embodiments, multiple samples can be of different origins, e.g. from different tissues and/or 

different subjects. In such embodiments, primers (e.g., tailed random primers) can further 

comprise a barcode portion. In some embodiments, a primer (e.g., a tailed random primer) 

with a unique barcode portion can be added to each sample and ligated to the nucleic acids 

therein; the samples can subsequently be pooled. In such embodiments, each resulting 

sequencing read of an amplification product will comprise a barcode that identifies the 

sample containing the template nucleic acid from which the amplification product is derived.  
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[00114] In some embodiments of methods described herein, a determination of the 

sequence contiguous to a known oligonucleotide target sequence can provide information 

relevant to treatment of disease. Thus, in some embodiments, methods disclosed herein can 

be used to aid in treating disease. In some embodiments, a sample can be from a subject in 

need of treatment for a disease associated with a genetic alteration. In some embodiments, a 

known target sequence a sequence of a disease-associated gene, e.g. an oncogene. In some 

embodiments, a sequence contiguous to a known oligonucleotide target sequence and/or the 

known oligonucleotide target sequence can comprise a mutation or genetic abnormality which 

is disease-associated, e.g. a SNP, an insertion, a deletion, and/or a gene rearrangement. In 

some embodiments, a sequence contiguous to a known target sequence and/or a known target 

sequence present in a sample comprised sequence of a gene rearrangement product. In some 

embodiments, a gene rearrangement can be an oncogene, e.g. a fusion oncogene.  

[00115] Certain treatments for cancer are particularly effective against tumors comprising 

certain oncogenes, e.g. a treatment agent which targets the action or expression of a given 

fusion oncogene can be effective against tumors comprising that fusion oncogene but not 

against tumors lacking the fusion oncogene. Methods described herein can facilitate a 

determination of specific sequences that reveal oncogene status (e.g. mutations, SNPs, and/or 

rearrangements). In some embodiments, methods described herein can further allow the 

determination of specific sequences when the sequence of a flanking region is known, e.g.  

methods described herein can determine the presence and identity of gene rearrangements 

involving known genes (e.g., oncogenes) in which the precise location and/or rearrangement 

partner are not known before methods described herein are performed.  

[00116] In some embodiments, technology described herein relates to a method of treating 

cancer. Accordingly, in some embodiments, methods provided herein may involve detecting, 

in a tumor sample obtained from a subject in need of treatment for cancer, the presence of one 

or more oncogene rearrangements; and administering a cancer treatment which is effective 

against tumors having any of the detected oncogene rearrangements. In some embodiments, 

technology described herein relates to a method of determining if a subject in need of 

treatment for cancer will be responsive to a given treatment. Accordingly, in some 

embodiments, methods provided herein may involve detecting, in a tumor sample obtained 

from a subject, the presence of an oncogene rearrangement, in which the subject is 

determined to be responsive to a treatment targeting an oncogene rearrangement product if 

the presence of the oncogene rearrangement is detected.  

[00117] In some embodiments, a subject is in need of treatment for lung cancer. In some 

embodiments, e.g. when the sample is obtained from a subject in need of treatment for lung 
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cancer, the known target sequence can comprise a sequence from a gene selected from the 

group of ALK, ROSI, and RET. Accordingly, in some embodiments, gene rearrangements 

result in fusions involving the ALK, ROS1, or RET. Non-limiting examples of gene 

arrangements involving ALK, ROS1, or RET are described in, e.g., Soda et al. Nature 2007 

448561-6: Rikova et al. Cell 2007 131:1190-1203; Kohno et al. Nature Medicine 2012 

18:375-7; Takouchi et al. Nature Medicine 2012 18:378-81; which are incorporated by 

reference herein in their entireties. However, it should be appreciated that the precise 

location of a gene rearrangement, and the identity of the second gene involved in the 

rearrangement may not be known in advance . Accordingly, in methods described herein, the 

presence and identity of such rearrangements can be detected without having to know the 

location of the rearrangement or the identity of the second gene involved in the gene 

rearrangement.  

[00118] In some embodiments, the known target sequence can comprise sequence from a 

gene selected from the group of: ALK, ROS1, and RET.  

[00119] In some embodiments, the presence of a gene rearrangement of ALK in a sample 

obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with 

a treatment selected from the group consisting of: an ALK inhibitor; crizotinib (PF

02341066); AP26113; LDK378; 3-39; AF802; IPI-504; ASP3026; AP-26113; X-396; GSK

1838705A; CH5424802; diamino and aminopyrimidine inhibitors of ALK kinase activity 

such as NVP-TAE684 and PF-02341066 (see, e.g. Galkin et al, Proc Natl Acad Sci USA, 

2007, 104:270-275; Zou et al. Cancer Res, 2007, 67:4408-4417; Hallberg and Palmer F1000 

Med Reports 2011 3:21; and Sakamoto et al. Cancer Cell 2011 19:679-690) and molecules 

disclosed in WO 04/079326. All of the foregoing references are incorporated by reference 

herein in their entireties. An ALK inhibitor can include any agent that reduces the expression 

and/or kinase activity of ALK or a portion thereof, including, e.g. oligonucleotides, small 

molecules, and/or peptides that reduce the expression and/or activity of ALK or a portion 

thereof. As used herein "anaplastic lymphoma kinase" or "ALK" refers to a transmembrane 

tyROSline kinase typically involved in neuronal regulation in the wildtype form. The 

nucleotide sequence of the ALK gene and mRNA are known for a number of species, 

including human (e.g. SEQ ID NO: 2 (mRNA), NCBI Gene ID: 238).  

[00120] In some embodiments, the presence of a gene rearrangement of ROS1 in a sample 

obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with 

a treatment selected from the group consisting of: a ROS1 inhibitor and an ALK inhibitor as 

described herein above (e.g. crizotinib). A ROS Iinhibitor can include any agent that reduces 

the expression and/or kinase activity of ROS Ior a portion thereof, including, e.g.  
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oligonucleotides, small molecules, and/or peptides that reduce the expression and/or activity 

of ROS Ior a portion thereof. As used herein "c-ros oncogene 1" or "ROSI" (also referred to 

in the art as ros-1) refers to a transmembrane tyrosine kinase of the sevenless subfamily and 

which interacts with PTPN6. Nucleotide sequences of the ROS Igene and mRNA are known 

for a number of species, including human (e.g. SEQ ID NO: 1 (mRNA), NCBI Gene ID: 

238).  

[00121] In some embodiments, the presence of a gene rearrangement of RET in a sample 

obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with 

a treatment selected from the group consisting of: a RET inhibitor; DP-2490, DP-3636, 

SU5416; BAY 43-9006, BAY 73-4506 (regorafenib), ZD6474, NVP-AST487, sorafenib, 

RPI-1, XL184, vandetanib, sunitinib, imatinib, pazopanib, axitinib, motesanib, gefitinib, and 

withaferin A (see, e.g. Samadi et al. Surgery 2010 148:1228-36; Cuccuru et al. JNCI 2004 

13:1006-1014; Akeno-Stuart et al. Cancer Research 2007 67:6956; Grazma et al. J Clin Oncol 

2010 28:15s 5559; Mologni e tal. J Mol Endocrinol 2006 37:199-212; Calmomagno et al.  

Journal NCI 2006 98:326-334; Mologni. Curr Med Chem 2011 18:162-175 and the 

compounds disclosed in WO 06/034833; US Patent Publication 2011/0201598 and US Patent 

8,067,434). All of the foregoing references are incorporated by reference herein in their 

entireties. A RET inhibitor can include any agent that reduces the expression and/or kinase 

activity of RET or a portion thereof, including, e.g. oligonucleotides, small molecules, and/or 

peptides that reduce the expression and/or activity of RET or a portion thereof. As used 

herein "rearranged during transfection" or "RET" refers to a receptor tyrosine kinase of the 

cadherein superfamily which is involved in neural crest development and recognizes glial cell 

line-derived neurotrophic factor family signaling molecules. Nucleotide sequences of the 

RET gene and mRNA are known for a number of species, including human (e.g. SEQ ID 

NOs: 3-4 (mRNA), NCBI Gene ID: 5979).  

[00122] Further non-limiting examples of applications of methods described herein 

include detection of hematological malignancy markers and panels thereof (e.g. including 

those to detect genomic rearrangements in lymphomas and leukemias), detection of sarcoma

related genomic rearrangements and panels thereof; and detection of IGH/TCR gene 

rearrangements and panels thereof for lymphoma testing.  

[00123] In some embodiments, methods described herein relate to treating a subject 

having or diagnosed as having, e.g. cancer with a treatment for cancer. Subjects having 

cancer can be identified by a physician using current methods of diagnosing cancer. For 

example, symptoms and/or complications of lung cancer which characterize these conditions 

and aid in diagnosis are well known in the art and include but are not limited to, weak 
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breathing, swollen lymph nodes above the collarbone, abnormal sounds in the lungs, dullness 

when the chest is tapped, and chest pain. Tests that may aid in a diagnosis of, e.g. lung 

cancer include, but are not limited to, x-rays, blood tests for high levels of certain substances 

(e.g. calcium), CT scans, and tumor biopsy. A family history of lung cancer, or exposure to 

risk factors for lung cancer (e.g. smoking or exposure to smoke and/or air pollution) can also 

aid in determining if a subject is likely to have lung cancer or in making a diagnosis of lung 

cancer.  

[00124] Cancer can include, but is not limited to, carcinoma, including adenocarcinoma, 

lymphoma, blastoma, melanoma, sarcoma, leukemia, squamous cell cancer, small-cell lung 

cancer, non-small cell lung cancer, gastrointestinal cancer, Hodgkin's and non Hodgkin's 

lymphoma, pancreatic cancer, glioblastoma, basal cell carcinoma, biliary tract cancer, bladder 

cancer, brain cancer including glioblastomas and medulloblastomas; breast cancer, cervical 

cancer, choriocarcinoma; colon cancer, colorectal cancer, endometrial carcinoma, 

endometrial cancer; esophageal cancer, gastric cancer; various types of head and neck 

cancers, intraepithelial neoplasms including Bowen's disease and Paget's disease; 

hematological neoplasms including acute lymphocytic and myelogenous leukemia; Kaposi's 

sarcoma, hairy cell leukemia; chromic myelogenous leukemia, AIDS-associated leukemias 

and adult T-cell leukemia lymphoma; kidney cancer such as renal cell carcinoma, T-cell acute 

lymphoblastic leukemia/lymphoma, lymphomas including Hodgkin's disease and 

lymphocytic lymphomas; liver cancer such as hepatic carcinoma and hepatoma, Merkel cell 

carcinoma, melanoma, multiple myeloma; neuroblastomas; oral cancer including squamous 

cell carcinoma; ovarian cancer including those arising from epithelial cells, sarcomas 

including leiomyosarcoma, rhabdomyosarcoma, liposarcoma, fibROSlarcoma, and 

osteosarcoma; pancreatic cancer; skin cancer including melanoma, stromal cells, germ cells 

and mesenchymal cells; pROSItate cancer, rectal cancer; vulval cancer, renal cancer 

including adenocarcinoma; testicular cancer including germinal tumors such as seminoma, 

non-seminoma (teratomas, choriocarcinomas), stromal tumors, and germ cell tumors; thyroid 

cancer including thyroid adenocarcinoma and medullar carcinoma; esophageal cancer, 

salivary gland carcinoma, and Wilms'tumors. In some embodiments, the cancer can be lung 

cancer.  

[00125] In some embodiments, methods described herein comprise administering an 

effective amount of compositions described herein, e.g. a treatment for cancer to a subject in 

order to alleviate a symptom of a cancer. As used herein, "alleviating a symptom of a cancer" 

is ameliorating any condition or symptom associated with the cancer. As compared with an 

equivalent untreated control, such reduction is by at least 5%, 10%, 20%, 40%, 50%, 60%, 
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80%, 90%, 95%, 99% or more as measured by any standard technique. A variety of means 

for administering the compositions described herein to subjects are known to those of skill in 

the art. Such methods can include, but are not limited to oral, parenteral, intravenous, 

intramuscular, subcutaneous, transdermal, airway (aerosol), pulmonary, cutaneous, topical, 

injection, or intratumoral administration. Administration can be local or systemic. The term 

"effective amount" as used herein refers to the amount of a treatment needed to alleviate at 

least one or more symptom of the disease or disorder, and relates to a sufficient amount of 

pharmacological composition to provide the desired effect. The term "therapeutically 

effective amount" therefore refers to an amount that is sufficient to effect a particular anti

cancer effect when administered to a typical subject. An effective amount as used herein, in 

various contexts, would also include an amount sufficient to delay the development of a 

symptom of the disease, alter the course of a symptom disease (for example but not limited 

to, slowing the progression of a symptom of the disease), or reverse a symptom of the disease.  

Thus, it is not generally practicable to specify an exact "effective amount". However, for any 

given case, an appropriate "effective amount" can be determined by one of ordinary skill in 

the art using only routine experimentation. The effects of any particular dosage can be 

monitored by a suitable bioassay. The dosage can be determined by a physician and adjusted, 

as appropriate, to suit observed effects of the treatment.  

[00126] Non-limiting examples of a treatment for cancer can include radiation therapy, 

surgery, gemcitabine, cisplastin, paclitaxel, carboplatin, bortezomib, AMG479, vorinostat, 

rituximab, temozolomide, rapamycin, ABT-737, PI-103; alkylating agents such as thiotepa 

and CYTOXAN@ cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and 

piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa; 

ethylenimines and methylamelamines including altretamine, triethylenemelamine, 

trietylenephosphoramide, triethiylenethiophosphoramide and trimethylolomelamine; 

acetogenins (especially bullatacin and bullatacinone); a camptothecin (including the synthetic 

analogue topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and 

bizelesin synthetic analogues); cryptophycins (particularly cryptophycin 1 and cryptophycin 

8); dolastatin; duocarmycin (including the synthetic analogues, KW-2189 and CB1-TM1); 

eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as 

chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide, 

mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin, 

phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine, 

chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the 

enediyne antibiotics (e.g., calicheamicin, especially calicheamicin gammal and calicheamicin 
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omegal (see, e.g., Agnew, Chem. Intl. Ed. Engl., 33: 183-186 (1994)); dynemicin, including 

dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as 

neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic 

chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, 

cactinomycin, carabicin, caminomycin, carzinophilin, chromomycinis, dactinomycin, 

daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN@ doxorubicin 

(including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin 

and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such 

as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin, 

puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, 

zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic 

acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs 

such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as 

ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, 

enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate, 

epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane, 

trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide 

glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; 

defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate; an epothilone; 

etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as 

maytansine and ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; 

pentostatin; phenamet; pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide; 

procarbazine; PSK@ polysaccharide complex (JHS Natural Products, Eugene, Oreg.); 

razoxane; rhizoxin; sizofuran; spirogermanium; tenuazonic acid; triaziquone; 2,2',2"

trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and 

anguidine); urethan; vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol; 

pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g., 

TAXOL@ paclitaxel (Bristol-Myers Squibb Oncology, Princeton, N.J.), ABRAXANE@ 

Cremophor-free, albumin-engineered nanoparticle formulation of paclitaxel (American 

Pharmaceutical Partners, Schaumberg, Ill.), and TAXOTERE@ doxetaxel (Rhone-Poulenc 

Rorer, Antony, France); chloranbucil; GEMZAR@ gemcitabine; 6-thioguanine; 

mercaptopurine; methotrexate; platinum analogs such as cisplatin, oxaliplatin and 

carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitoxantrone; vincristine; 

NAVELBINE.RTM. vinorelbine; novantrone; teniposide; edatrexate; daunomycin; 

aminopterin; xeloda; ibandronate; irinotecan (Camptosar, CPT-11) (including the treatment 
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regimen of irinotecan with 5-FU and leucovorin); topoisomerase inhibitor RFS 2000; 

difluoromethylornithine (DMFO); retinoids such as retinoic acid; capecitabine; 

combretastatin; leucovorin (LV); oxaliplatin, including the oxaliplatin treatment regimen 

(FOLFOX); lapatinib (Tykerb.RTM.); inhibitors of PKC-alpha, Raf, H-Ras, EGFR (e.g., 

erlotinib (Tarceva@)) and VEGF-A that reduce cell proliferation and pharmaceutically 

acceptable salts, acids or derivatives of any of the above. In addition, methods of treatment 

can further include the use of radiation or radiation therapy. Further, methods of treatment 

can further include the use of surgical treatments.  

[00127] In some embodiments, methods described herein can be applicable for 

resequencing, e.g. for confirming particularly relevant, low-quality, and/or complex 

sequences obtained by non-directed sequencing of a large amount of nucleic acids. By way 

of non-limiting examples, methods described herein can allow the directed and/or targeted 

resequencing of targeted disease gene panels (e.g. 10-100 genes), resequencing to confirm 

variants obtained in large scale sequencing projects, whole exome resequencing, and/or 

targeted resequencing for detection of single nucleotide variants, multiple nucleotide variants, 

insertions, deletions, copy number changes, and methylation status.  

[00128] In some embodiments, methods described herein can allow microbiota 

sequencing, ancient sample sequencing, and/or new variant virus genotyping.  

[00129] For convenience, the meaning of some terms and phrases used in the 

specification, examples, and appended claims, are provided below. Unless stated otherwise, 

or implicit from context, the following terms and phrases include the meanings provided 

below. The definitions are provided to aid in describing particular embodiments, and are not 

intended to limit the claimed invention, because the scope of the invention is limited only by 

the claims. Unless otherwise defined, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

invention belongs. If there is an apparent discrepancy between the usage of a term in the art 

and its definition provided herein, the definition provided within the specification shall 

prevail.  

[00130] For convenience, certain terms employed herein, in the specification, examples 

and appended claims are collected here.  

[00131] The terms "decrease", "reduced", "reduction", or "inhibit" are all used herein 

generally to mean a decrease by a statistically significant amount. However, for avoidance of 

doubt, "reduced", "reduction", "decrease", or "inhibit" means a decrease by at least 10% as 

compared to a reference level, for example a decrease by at least about 20%, or at least about 

30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about 
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70%, or at least about 80%, or at least about 90% or up to and including a 100% decrease 

(e.g. absent level or non-detectable level as compared to a reference level), or any decrease 

between 10-100% as compared to a reference level. In the context of a marker or symptom is 

meant a statistically significant decrease in such level. The decrease can be, for example, at 

least 10%, at least 20%, at least 30%, at least 40% or more, and is preferably down to a level 

accepted as within the range of normal for an individual without such disorder.  

[00132] The terms "increased" ,"increase", "enhance", or "activate" are all used herein to 

generally mean an increase by a statically significant amount; for the avoidance of doubt, the 

terms "increased", "increase", "enhance", or "activate" mean an increase of at least 10% as 

compared to a reference level, for example an increase of at least about 20%, or at least about 

30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about 

70%, or at least about 80%, or at least about 90% or up to and including a 100% increase or 

any increase between 10-100% as compared to a reference level, or at least about a 2-fold, or 

at least about a 3-fold, or at least about a 4-fold, or at least about a 5-fold or at least about a 

10-fold increase, or any increase between 2-fold and 10-fold or greater as compared to a 

reference level.  

[00133] As used herein, a "subject" means a human or animal. Usually the animal is a 

vertebrate such as a primate, rodent, domestic animal or game animal. Primates include 

chimpanzees, cynomologous monkeys, spider monkeys, and macaques, e.g., Rhesus.  

Rodents include mice, rats, woodchucks, ferrets, rabbits and hamsters. Domestic and game 

animals include cows, horses, pigs, deer, bison, buffalo, feline species, e.g., domestic cat, 

canine species, e.g., dog, fox, wolf, avian species, e.g., chicken, emu, ostrich, and fish, e.g., 

trout, catfish and salmon. In some embodiments, the subject is a mammal, e.g., a primate, 

e.g., a human. The terms, "individual," "patient" and "subject" are used interchangeably 

herein.  

[00134] Preferably, the subject is a mammal. The mammal can be a human, non-human 

primate, mouse, rat, dog, cat, horse, or cow, but is not limited to these examples. Mammals 

other than humans can be advantageously used as subjects that represent animal models of, 

e.g. lung cancer. A subject can be male or female.  

[00135] A subject can be one who has been previously diagnosed with or identified as 

suffering from or having a condition in need of treatment (e.g. cancer) or one or more 

complications related to such a condition, and optionally, have already undergone treatment 

for the condition or the one or more complications related to the condition. Alternatively, a 

subject can also be one who has not been previously diagnosed as having the condition (e.g.  

cancer) or one or more complications related to the condition. For example, a subject can be 
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one who exhibits one or more risk factors for the condition or one or more complications 

related to the condition or a subject who does not exhibit risk factors.  

[00136] A "subject in need" of treatment for a particular condition can be a subject having 

that condition, diagnosed as having that condition, or at risk of developing that condition.  

[00137] As used herein, a "disease associated with a genetic alteration" refers to any 

disease which is caused by, at least in part, by an alteration in the genetic material of the 

subject as compared to a healthy wildtype subject, e.g. a deletion, an insertion, a SNP, a gene 

rearrangement. A disease can be caused by, at least in part, an alteration in the genetic 

material of the subject if the alteration increases the risk of the subject developing the disease, 

increases the subject's susceptibility to a disease (including infectious diseases, or diseases 

with an infectious component), causes the production of a disease-associated molecule, or 

causes cells to become diseased or abnormal (e.g. loss of cell cycle regulation in cancer cells).  

Diseases can be associated with multiple genetic alterations, e.g. cancers.  

[00138] As used herein, the term "nucleic acid" refers to any molecule, preferably a 

polymeric molecule, incorporating units of ribonucleic acid, deoxyribonucleic acid or an 

analog thereof. The nucleic acid can be either single-stranded or double-stranded. A single

stranded nucleic acid can be one strand nucleic acid of a denatured double- stranded DNA.  

Alternatively, it can be a single-stranded nucleic acid not derived from any double-stranded 

DNA. In one aspect, the template nucleic acid is DNA. In another aspect, the template is 

RNA. Suitable nucleic acid molecules are DNA, including genomic DNA or cDNA. Other 

suitable nucleic acid molecules are RNA, including mRNA.  

[00139] The term "isolated" or "partially purified" as used herein refers, in the case of a 

nucleic acid, to a nucleic acid separated from at least one other component (e.g., nucleic acid 

or polypeptide) that is present with the nucleic acid as found in its natural source and/or that 

would be present with the nucleic acid when expressed by a cell. A chemically synthesized 

nucleic acid or one synthesized using in vitro transcription/translation is considered 

"isolated." 

[00140] As used herein, the term "complementary" refers to the ability of nucleotides to 

form hydrogen-bonded base pairs. In some embodiment, complementary refers to hydrogen

bonded base pair formation preferences between the nucleotide bases G, A, T, C and U, such 

that when two given polynucleotides or polynucleotide sequences anneal to each other, A 

pairs with T and G pairs with C in DNA, and G pairs with C and A pairs with U in RNA. As 

used herein, "substantially complementary" refers to a nucleic acid molecule or portion 

thereof (e.g. a primer) having at least 90% complementarity over the entire length of the 

molecule or portion thereof with a second nucleotide sequence, e.g. 90% complementary, 
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95% complementary, 98% complementary, 99% complementary, or 100% complementary.  

As used herein, "substantially identical" refers to a nucleic acid molecule or portion thereof 

having at least 90% identity over the entire length of a the molecule or portion thereof with a 

second nucleotide sequence, e.g. 90% identity, 95% identity, 98% identity, 99% identity, or 

100% identity.  

[00141] As used herein, "specific" when used in the context of a primer specific for a 

target nucleic acid refers to a level of complementarity between the primer and the target such 

that there exists an annealing temperature at which the primer will anneal to and mediate 

amplification of the target nucleic acid and will not anneal to or mediate amplification of non

target sequences present in a sample.  

[00142] As used herein, "amplified product", "amplification product", or "amplicon" 

refers to oligonucleotides resulting from an amplificationreaction that are copies of a portion 

of a particular target nucleic acid template strand and/or its complementary sequence, which 

correspond in nucleotide sequence to the template nucleic acid sequence and/or its 

complementary sequence. An amplification product can further comprise sequence specific 

to the primers and which flanks sequence which is a portion of the target nucleic acid and/or 

its complement. An amplified product, as described herein will generally be double-stranded 

DNA, although reference can be made to individual strands thereof.  

[00143] As used herein, a "portion" of a nucleic acid molecule refers to contiguous set of 

nucleotides comprised by that molecule. A portion can comprise all or only a subset of the 

nucleotides comprised by the molecule. A portion can be double-stranded or single-stranded.  

[00144] As used herein, the terms "treat," "treatment," "treating," or "amelioration" refer 

to therapeutic treatments, wherein the object is to reverse, alleviate, ameliorate, inhibit, slow 

down or stop the progression or severity of a condition associated with a disease or disorder, 

e.g. lung cancer. The term "treating" includes reducing or alleviating at least one adverse 

effect or symptom of a condition, disease or disorder associated with a condition. Treatment 

is generally "effective" if one or more symptoms or clinical markers are reduced.  

Alternatively, treatment is "effective" if the progression of a disease is reduced or halted. That 

is, "treatment" includes not just the improvement of symptoms or markers, but also a 

cessation of, or at least slowing of, progress or worsening of symptoms compared to what 

would be expected in the absence of treatment. Beneficial or desired clinical results include, 

but are not limited to, alleviation of one or more symptom(s), diminishment of extent of 

disease, stabilized (i.e., not worsening) state of disease, delay or slowing of disease 

progression, amelioration or palliation of the disease state, remission (whether partial or 

total), and/or decreased mortality, whether detectable or undetectable. The term "treatment" 
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of a disease also includes providing relief from the symptoms or side-effects of the disease 

(including palliative treatment).  

[00145] The term "statistically significant" or "significantly" refers to statistical 

significance and generally means a two standard deviation (2SD) below normal, or lower, 

concentration of the marker.  

[00146] Other than in the operating examples, or where otherwise indicated, all numbers 

expressing quantities of ingredients or reaction conditions used herein should be understood 

as modified in all instances by the term "about." The term "about" when used in connection 

with percentages can mean 1%.  

[00147] As used herein the term "comprising" or "comprises" is used in reference to 

compositions, methods, and respective component(s) thereof, that are essential to method or 

composition, yet open to the inclusion of unspecified elements, whether essential or not.  

[00148] The term "consisting of' refers to compositions, methods, and respective 

components thereof as described herein, which are exclusive of any element not recited in 

that description of the embodiment.  

[00149] As used herein the term "consisting essentially of' refers to those elements 

required for a given embodiment. The term permits the presence of elements that do not 

materially affect the basic and novel or functional characteristic(s) of that embodiment.  

[00150] The singular terms "a," "an," and "the" include plural referents unless context 

clearly indicates otherwise. Similarly, the word "or" is intended to include "and" unless the 

context clearly indicates otherwise. Although methods and materials similar or equivalent to 

those described herein can be used in the practice or testing of this disclosure, suitable 

methods and materials are described below. The abbreviation, "e.g." is derived from the Latin 

exempli gratia, and is used herein to indicate a non-limiting example. Thus, the abbreviation 

"e.g." is synonymous with the term "for example." 

[00151] Definitions of common terms in cell biology and molecular biology can be found 

in "The Merck Manual of Diagnosis and Therapy", 19th Edition, published by Merck 

Research Laboratories, 2006 (ISBN 0-911910-19-0); Robert S. Porter et al. (eds.), The 

Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN 0

632-02182-9). Definitions of common terms in molecular biology can also be found in 

Benjamin Lewin, Genes X, published by Jones & Bartlett Publishing, 2009 (ISBN

10: 0763766321); Kendrew et al. (eds.), , Molecular Biology and Biotechnology: a 

Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081

569-8) and Current Protocols in Protein Sciences 2009, Wiley Intersciences, Coligan et al., 

eds.  
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[00152] Unless otherwise stated, the present invention was performed using standard 

procedures, as described, for example in Sambrook et al., Molecular Cloning: A Laboratory 

Manual (3 ed.), Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., USA 

(2001); and Davis et al., Basic Methods in Molecular Biology, Elsevier Science Publishing, 

Inc., New York, USA (1995) which are all incorporated by reference herein in their entireties.  

[00153] Other terms are defined herein within the description of the various aspects of the 

invention.  

[00154] All patents and other publications; including literature references, issued patents, 

published patent applications, and co-pending patent applications; cited throughout this 

application are expressly incorporated herein by reference for the purpose of describing and 

disclosing, for example, methodologies described in such publications that might be used in 

connection with technology described herein. These publications are provided solely for their 

disclosure prior to the filing date of the present application. Nothing in this regard should be 

construed as an admission that the inventors are not entitled to antedate such disclosure by 

virtue of prior invention or for any other reason. All statements as to the date or 

representation as to the contents of these documents is based on the information available to 

the applicants and does not constitute any admission as to the correctness of the dates or 

contents of these documents.  

[00155] The description of embodiments of the disclosure is not intended to be exhaustive 

or to limit the disclosure to the precise form disclosed. While specific embodiments of, and 

examples for, the disclosure are described herein for illustrative purposes, various equivalent 

modifications are possible within the scope of the disclosure, as those skilled in the relevant 

art will recognize. For example, while method steps or functions are presented in a given 

order, alternative embodiments may perform functions in a different order, or functions may 

be performed substantially concurrently. The teachings of the disclosure provided herein can 

be applied to other procedures or methods as appropriate. The various embodiments 

described herein can be combined to provide further embodiments. Aspects of the disclosure 

can be modified, if appropriate, to employ the compositions, functions and concepts of the 

above references and application to provide yet further embodiments of the disclosure. These 

and other changes can be made to the disclosure in light of the detailed description. All such 

modifications are intended to be included within the scope of the appended claims.  

[00156] Specific elements of any of the foregoing embodiments can be combined or 

substituted for elements in other embodiments. Furthermore, while advantages associated 

with certain embodiments of the disclosure have been described in the context of these 
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embodiments, other embodiments may also exhibit such advantages, and not all embodiments 

need necessarily exhibit such advantages to fall within the scope of the disclosure.  

[00157] Technology described herein is further illustrated by the following examples 

which in no way should be construed as being further limiting.  

[00158] Some embodiments of the technology described herein can be defined 

according to any of the following numbered paragraphs: 

1. A method of determining the nucleotide sequence contiguous to a known target 

nucleotide sequence, the method comprising; 

(a) contacting a target nucleic acid molecule comprising the known target 

nucleotide sequence with an initial target-specific primer under hybridization 

conditions; 

(b) performing a template-dependent extension reaction that is primed by a 

hybridized initial target-specific primer and that uses the target nucleic acid molecule as 

a template; 

(c) contacting the product of step (b) with a population of tailed random 

primers under hybridization conditions; 

(d) performing a template-dependent extension reaction that is primed by a 

hybridized tailed random primer and that uses the portion of the target nucleic acid 

molecule downstream of the site of hybridization as a template; 

(e) amplifying a portion of the target nucleic acid molecule and the tailed 

random primer sequence with a first tail primer and a first target-specific primer; 

(f) amplifying a portion of the amplicon resulting from step (e) with a second 

tail primer and a second target-specific primer; 

(g) sequencing the amplified portion from step (f) using a first and second 

sequencing primer; 

wherein the population of tailed random primers comprises single-stranded 

oligonucleotide molecules having a 5' nucleic acid sequence identical to a first sequencing 

primer and a 3' nucleic acid sequence comprising from about 6 to about 12 random nucleotides; 

wherein the first target-specific primer comprises a nucleic acid sequence that can 

specifically anneal to the known target nucleotide sequence of the target nucleic acid at the 

annealing temperature; 

wherein the second target-specific primer comprises a 3' portion comprising a nucleic 

acid sequence that can specifically anneal to a portion of the known target nucleotide sequence 

comprised by the amplicon resulting from step (e), and a 5' portion comprising a nucleic acid 
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sequence that is identical to a second sequencing primer and the second target-specific primer is 

nested with respect to the first target-specific primer; 

wherein the first tail primer comprises a nucleic acid sequence identical to the tailed 

random primer; and 

wherein the second tail primer comprises a nucleic acid sequence identical to a portion of 

the first sequencing primer and is nested with respect to the first tail primer.  

2. A method of determining the nucleotide sequence contiguous to a known target 

nucleotide sequence, the method comprising; 

(a) contacting a target nucleic acid molecule comprising the known target 

nucleotide sequence with a population of tailed random primers under hybridization 

conditions; 

(b) performing a template-dependent extension reaction that is primed by a 

hybridized tailed random primer and that uses the portion of the target nucleic acid 

molecule downstream of the site of hybridization as a template; 

(c) contacting the product of step (b) with an initial target-specific primer 

under hybridization conditions; 

(d) performing a template-dependent extension reaction that is primed by a 

hybridized initial target-specific primer and that uses the target nucleic acid molecule as 

a template; 

(e) amplifying a portion of the target nucleic acid molecule and the tailed 

random primer sequence with a first tail primer and a first target-specific primer; 

(f) amplifying a portion of the amplicon resulting from step (e) with a second 

tail primer and a second target-specific primer; 

(g) sequencing the amplified portion from step (f) using a first and second 

sequencing primer; 

wherein the population of tailed random primers comprises single-stranded 

oligonucleotide molecules having a 5' nucleic acid sequence identical to a first sequencing 

primer and a 3' nucleic acid sequence comprising from about 6 to about 12 random nucleotides; 

wherein the first target-specific primer comprises a nucleic acid sequence that can 

specifically anneal to the known target nucleotide sequence of the target nucleic acid at the 

annealing temperature; 

wherein the second target-specific primer comprises a 3' portion comprising a nucleic 

acid sequence that can specifically anneal to a portion of the known target nucleotide sequence 

comprised by the amplicon resulting from step (c), and a 5' portion comprising a nucleic acid 
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sequence that is identical to a second sequencing primer and the second target-specific primer is 

nested with respect to the first target-specific primer; 

wherein the first tail primer comprises a nucleic acid sequence identical to the tailed 

random primer; and 

wherein the second tail primer comprises a nucleic acid sequence identical to a portion of 

the first sequencing primer and is nested with respect to the first tail primer.  

3. The method of any of paragraphs 1-2, further comprising a step of contacting the 

sample and products with RNase after extension of the initial target-specific primer.  

4. The method of any of paragraphs 1-3, wherein the tailed random primer can form 

a hair-pin loop structure.  

5. The method of any of paragraphs 1-4, wherein the initial target-specific primer 

and the first target-specific primer are identical.  

6. The method of any of paragraphs 1-5, wherein the tailed random primer further 

comprises a barcode portion comprising 6-12 random nucleotides between the 5' nucleic acid 

sequence identical to a first sequencing primer and the 3' nucleic acid sequence comprising 6-12 

random nucleotides. 7.A method of determining the nucleotide sequence contiguous to a known 

target nucleotide sequence, the method comprising; 

(a) contacting a target nucleic acid molecule comprising the known target 

nucleotide sequence with a population of tailed random primers under hybridization 

conditions; 

(b) performing a template-dependent extension reaction that is primed by a 

hybridized tailed random primer and that uses the portion of the target nucleic acid 

molecule downstream of the site of hybridization as a template; 

(c) amplifying a portion of the target nucleic acid molecule and the tailed 

random primer sequence with a first tail primer and a first target-specific primer; 

(d) amplifying a portion of the amplicon resulting from step (c) with a second 

tail primer and a second target-specific primer; 

(e) sequencing the amplified portion from step (d) using a first and second 

sequencing primer; 

wherein the population of tailed random primers comprises single-stranded 

oligonucleotide molecules having a 5' nucleic acid sequence identical to a first sequencing 

primer; a middle barcode portion comprising; and a 3' nucleic acid sequence comprising from 

about 6 to about 12 random nucleotides; 
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wherein the first target-specific primer comprises a nucleic acid sequence that can 

specifically anneal to the known target nucleotide sequence of the target nucleic acid at the 

annealing temperature; 

wherein the second target-specific primer comprises a 3' portion comprising a nucleic 

acid sequence that can specifically anneal to a portion of the known target nucleotide sequence 

comprised by the amplicon resulting from step (c), and a 5' portion comprising a nucleic acid 

sequence that is identical to a second sequencing primer and the second target-specific primer is 

nested with respect to the first target-specific primer; 

wherein the first tail primer comprises a nucleic acid sequence identical to the tailed 

random primer; and 

wherein the second tail primer comprises a nucleic acid sequence identical to a portion of 

the first sequencing primer and is nested with respect to the first tail primer.  

8. The method of paragraph 7, wherein the each tailed random primer further 

comprises a spacer nucleic acid sequence between the 5' nucleic acid sequence identical to a first 

sequencing primer and the 3' nucleic acid sequence comprising about 6 to about 12 random 

nucleotides.  

9. The method of paragraph 7 or 8, wherein the unhybridized primers are removed 

from the reaction after an extension step.  

10. The method of any of paragraphs 7-9, wherein the second tail primer is nested 

with respect to the first tail primer by at least 3 nucleotides.  

11. The method of any of paragraphs 7-10, wherein the first target-specific primer 

further comprises a 5' tag sequence portion comprising a nucleic acid sequence of high GC 

content which is not substantially complementary to or substantially identical to any other portion 

of any of the primers.  

12. The method of any of paragraphs 7-11, wherein the second tail primer is identical 

to the full-length first sequencing primer.  

13. The method of any of paragraphs 7-12, wherein the portions of the target-specific 

primers that specifically anneal to the known target will anneal specifically at a temperature of 

about 65°C in a PCR buffer.  

14. The method of any of paragraphs 7-13, wherein the sample comprises genomic 

DNA.  

15. The method of any of paragraphs 7-14, wherein the sample comprises RNA and 

the method further comprises a first step of subjecting the sample to a reverse transcriptase 

regimen.  
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16. The method of any of paragraphs 7-15, wherein the nucleic acids present in the 

sample have not been subjected to shearing or digestion.  

17. The method of any of paragraphs 7-16, wherein the sample comprises single

stranded gDNA or cDNA. 18. The method of any of paragraphs 7-17, wherein the reverse 

transcriptase regimen comprises the use of random hexamers.  

19. The method of any of paragraphs 7-18, wherein a gene rearrangement comprises 

the known target sequence.  

20. The method of paragraph 19, wherein the gene rearrangement is present in a 

nucleic acid selected from the group consisting of: genomic DNA; RNA; and cDNA.  

21. The method of any of paragraphs 19-20, wherein the gene rearrangement 

comprises an oncogene.  

22. The method of paragraph 21, wherein the gene rearrangement comprises a fusion 

oncogene.  

23. The method of any of paragraphs 7-22, wherein the nucleic acid product is 

sequenced by a next-generation sequencing method.  

24. The method of paragraph 23, wherein the next-generation sequencing method 

comprises a method selected from the group consisting of: 

Ion Torrent, Illumina, SOLiD, 454; Massively Parallel Signature Sequencing solid-phase, 

reversible dye-terminator sequencing; and DNA nanoball sequencing.  

25. The method of any of paragraphs 7-24, wherein the first and second sequencing 

primers are compatible with the selected next-generation sequencing method.  

26. The method of any of paragraphs 7-25, wherein the method comprises contacting 

the sample, or separate portions of the sample, with a plurality of sets of first and second target

specific primers.  

27. The method of any of paragraphs 7-26, wherein the method comprises contacting 

a single reaction mixture comprising the sample with a plurality of sets of first and second target

specific primers.  

28. The method of any of paragraphs 7-27, wherein the plurality of sets of first and 

second target-specific primers specifically anneal to known target nucleotide sequences 

comprised by separate genes.  

29. The method of any of paragraphs 7-28, wherein at least two sets of first and 

second target-specific primers specifically anneal to different portions of a known target 

nucleotide sequence.  
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30. The method of any of paragraphs 7-29, wherein at least two sets of first and 

second target-specific primers specifically anneal to different portions of a single gene 

comprising a known target nucleotide sequence.  

31. The method of any of paragraphs 7-30, wherein at least two sets of first and 

second target-specific primers specifically anneal to different exons of a gene comprising a 

known nucleotide target sequence.  

32. The method of any of paragraphs 7-31, wherein the plurality of first target

specific primers comprise identical 5' tag sequence portions.  

33. The method of any of paragraphs 7-32, wherein each tailed random primer in a 

population of tailed random primers further comprises an identical sample barcoding portion.  

34. The method of paragraph 33, wherein multiple samples are each contacted with a 

separate population of tailed random primers with a sample barcoding portion; wherein each 

population of tailed random primers has a distinct sample barcoding portion; and wherein the 

samples are pooled after step (b).  

35. The method of any of paragraphs 7-34, wherein each amplification step comprises 

a set of cycles of a PCR amplification regimen from 5 cycles to 20 cycles in length.  

36. The method of any of paragraphs 7-35, wherein the target-specific primers and 

the tail primers are designed such that they will specifically anneal to their complementary 

sequences at an annealing temperature of from about 61 to 72 °C.  

37. The method of any of paragraphs 7-36, wherein the target-specific primers and 

the tail primers are designed such that they will specifically anneal to their complementary 

sequences at an annealing temperature of about 65 °C.  

38. The method of any of paragraphs 7-37, wherein the target nucleic acid molecule is 

from a sample, optionally which is a biological sample obtained from a subject.  

39. The method of paragraph 38, wherein the sample is obtained from a subject in 

need of treatment for a disease associated with a genetic alteration.  

40. The method of paragraph 39, wherein the disease is cancer.  

41. The method of paragraph 38, wherein the sample comprises a population of tumor 

cells.  

42. The method of paragraph 38, wherein the sample is a tumor biopsy.  

43. The method paragraph 40, wherein the cancer is lung cancer.  

44. The method of any of paragraphs 7-43, wherein a disease-associated gene 

comprises the known target sequence.  

45. The method of 38, wherein a gene rearrangement product in the sample comprises 

the known target sequence.  
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46. The method of paragraph 45, wherein the gene rearrangement product is an 

oncogene.  

47. A method of preparing nucleic acids for analysis, the method comprising: 

(a) contacting a nucleic acid template comprising a first strand of a target 

nucleic acid with a complementary target-specific primer that comprises a target

specific hybridization sequence, under conditions to promote template-specific 

hybridization and extension of the target-specific primer; and 

(b) contacting a nucleic acid template comprising a second strand that is 

complementary to the first strand of the target nucleic acid with a plurality of different 

primers that share a common sequence that is 5' to different hybridization sequences, 

under conditions to promote template-specific hybridization and extension of at least 

one of the plurality of different primers, 

wherein an extension product is generated to contain both a sequence that is characteristic 

of the target-specific primer and a sequence that is characteristic of the at least one of the plurality 

of different primers.  

48. The method of paragraph 47, wherein the target nucleic acid is a ribonucleic acid.  

49. The method of paragraph 47, wherein the target nucleic acid is a deoxyribonucleic 

acid.  

50. The method of any of paragraphs 47 to 49 wherein steps (a) and (b) are performed 

sequentially.  

51. The method of any of paragraphs 47 to 50, wherein the nucleic acid template in 

step (a) comprises an extension product resulting from the hybridization and extension of the at 

least one of the plurality of different primers in step (b).  

52. The method of any one of paragraphs 47 to 50, wherein the nucleic acid template 

in step (b) comprises an extension product resulting from the hybridization and extension of the 

target-specific primer in step (a).  

53. The method of paragraph 48, wherein the target nucleic acid is a messenger RNA 

encoded from a chromosomal segment that comprises a genetic rearrangement.  

54. The method of paragraph 49, wherein the target nucleic acid is a chromosomal 

segment that comprises a portion of a genetic rearrangement.  

55. The method of paragraph 8, wherein the genetic rearrangement is an inversion, 

deletion, or translocation.  

56. The method of any one of paragraphs 47 to 55 further comprising amplifying the 

extension product.  
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57. The method of any one of paragraphs 47 to 55 further comprising contacting the 

extension product or amplified extension product with an immobilized oligonucleotide under 

conditions in which hybridization occurs between the extension product and immobilized 

oligonucleotide.  

58. The method of any preceding paragraph wherein the target nucleic acid comprises 

a target portion having a known sequence and a flanking portion having an unknown sequence.  

59. The method of paragraph 58, wherein different hybridization sequences are 

complementary to the flanking portion.  

60. The method of paragraph 58 or 59, wherein the target-specific hybridization 

sequence is complementary to the target portion.  

61. The method of any of paragraphs 47 to 60, wherein the target-specific primer 

further comprises, 5' to the target-specific hybridization sequence, at least one of an index 

sequence, a barcode sequence and an adaptor sequence.  

62. The method of any of paragraphs 47 to 60, wherein the common sequence 

comprises at least one of an index sequence, barcode sequence and an adaptor sequence.  

63. The method of any of paragraphs 1-62, wherein the adaptor sequence is a 

cleavable adaptor sequence for immobilizing oligonucleotides in a flow cell.  

[00159] Some embodiments of the technology described herein can be defined 

according to any of the following numbered paragraphs: 

1. A method of preparing nucleic acids for analysis, the method comprising: 

(a) contacting a nucleic acid template comprising a first strand of a target 

nucleic acid with a complementary target-specific primer that comprises a target

specific hybridization sequence, under conditions to promote template-specific 

hybridization and extension of the target-specific primer; and 

(b) contacting a nucleic acid template comprising a second strand that is 

complementary to the first strand of the target nucleic acid with a plurality of different 

primers that share a common sequence that is 5' to different hybridization sequences, 

under conditions to promote template-specific hybridization and extension of at least 

one of the plurality of different primers, 

wherein an extension product is generated to contain both a sequence that is characteristic 

of the target-specific primer and a sequence that is characteristic of the at least one of the plurality 

of different primers.  

2. The method of paragraph 1, wherein the target nucleic acid is a ribonucleic acid.  

3. The method of paragraph 1, wherein the target nucleic acid is a deoxyribonucleic 

acid.  
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4. The method of any of paragraphs I to 3 wherein steps (a) and (b) are performed 

sequentially.  

5. The method of any of paragraphs 1 to 4, wherein the nucleic acid template in step 

(a) comprises an extension product resulting from the hybridization and extension of the at least 

one of the plurality of different primers in step (b).  

6. The method of any one of paragraphs I to 4, wherein the nucleic acid template in 

step (b) comprises an extension product resulting from the hybridization and extension of the 

target-specific primer in step (a).  

7. The method of paragraph 2, wherein the target nucleic acid is a messenger RNA 

encoded from a chromosomal segment that comprises a genetic rearrangement.  

8. The method of paragraph 3, wherein the target nucleic acid is a chromosomal 

segment that comprises a portion of a genetic rearrangement.  

9. The method of paragraph 8, wherein the genetic rearrangement is an inversion, 

deletion, or translocation.  

10. The method of any one of paragraphs I to 9 further comprising amplifying the 

extension product.  

11. The method of any one of paragraphs 1 to 9 further comprising contacting the 

extension product or amplified extension product with an immobilized oligonucleotide under 

conditions in which hybridization occurs between the extension product and immobilized 

oligonucleotide.  

12. The method of any preceding paragraph wherein the target nucleic acid comprises 

a target portion having a known sequence and a flanking portion having an unknown sequence.  

13. The method of paragraph 12, wherein different hybridization sequences are 

complementary to the flanking portion.  

14. The method of paragraph 12 or 13, wherein the target-specific hybridization 

sequence is complementary to the target portion.  

15. The method of any of paragraphs I to 14, wherein the target-specific primer 

further comprises, 5' to the target-specific hybridization sequence, at least one of an index 

sequence, a barcode sequence and an adaptor sequence.  

16. The method of any of paragraphs I to 14, wherein the common sequence 

comprises at least one of an index sequence, barcode sequence and an adaptor sequence.  

17. The method of paragraph 15 or 16, wherein the adaptor sequence is a cleavable 

adaptor sequence for immobilizing oligonucleotides in a flow cell.  

18. A method of determining the nucleotide sequence contiguous to a known target 

nucleotide sequence, the method comprising; 
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(a) contacting a target nucleic acid molecule comprising the known target 

nucleotide sequence with an initial target-specific primer under hybridization 

conditions; 

(b) performing a template-dependent extension reaction that is primed by a 

hybridized initial target-specific primer and that uses the target nucleic acid molecule as 

a template; 

(c) contacting the product of step (b) with a population of tailed random 

primers under hybridization conditions; 

(d) performing a template-dependent extension reaction that is primed by a 

hybridized tailed random primer and that uses the portion of the target nucleic acid 

molecule downstream of the site of hybridization as a template; 

(e) amplifying a portion of the target nucleic acid molecule and the tailed 

random primer sequence with a first tail primer and a first target-specific primer; 

(f) amplifying a portion of the amplicon resulting from step (e) with a second 

tail primer and a second target-specific primer; 

(g) sequencing the amplified portion from step (f) using a first and second 

sequencing primer; 

wherein the population of tailed random primers comprises single-stranded 

oligonucleotide molecules having a 5' nucleic acid sequence identical to a first sequencing 

primer and a 3' nucleic acid sequence comprising from about 6 to about 12 random nucleotides; 

wherein the first target-specific primer comprises a nucleic acid sequence that can 

specifically anneal to the known target nucleotide sequence of the target nucleic acid at the 

annealing temperature; 

wherein the second target-specific primer comprises a 3' portion comprising a nucleic 

acid sequence that can specifically anneal to a portion of the known target nucleotide sequence 

comprised by the amplicon resulting from step (e), and a 5' portion comprising a nucleic acid 

sequence that is identical to a second sequencing primer and the second target-specific primer is 

nested with respect to the first target-specific primer; 

wherein the first tail primer comprises a nucleic acid sequence identical to the tailed 

random primer; and 

wherein the second tail primer comprises a nucleic acid sequence identical to a portion of 

the first sequencing primer and is nested with respect to the first tail primer.  

19. A method of determining the nucleotide sequence contiguous to a known target 

nucleotide sequence, the method comprising; 
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(a) contacting a target nucleic acid molecule comprising the known target 

nucleotide sequence with a population of tailed random primers under hybridization 

conditions; 

(b) performing a template-dependent extension reaction that is primed by a 

hybridized tailed random primer and that uses the portion of the target nucleic acid 

molecule downstream of the site of hybridization as a template; 

(c) contacting the product of step (b) with an initial target-specific primer 

under hybridization conditions; 

(d) performing a template-dependent extension reaction that is primed by a 

hybridized initial target-specific primer and that uses the target nucleic acid molecule as 

a template; 

(e) amplifying a portion of the target nucleic acid molecule and the tailed 

random primer sequence with a first tail primer and a first target-specific primer; 

(f) amplifying a portion of the amplicon resulting from step (e) with a second 

tail primer and a second target-specific primer; 

(g) sequencing the amplified portion from step (f) using a first and second 

sequencing primer; 

wherein the population of tailed random primers comprises single-stranded 

oligonucleotide molecules having a 5' nucleic acid sequence identical to a first sequencing 

primer and a 3' nucleic acid sequence comprising from about 6 to about 12 random nucleotides; 

wherein the first target-specific primer comprises a nucleic acid sequence that can 

specifically anneal to the known target nucleotide sequence of the target nucleic acid at the 

annealing temperature; 

wherein the second target-specific primer comprises a 3' portion comprising a nucleic 

acid sequence that can specifically anneal to a portion of the known target nucleotide sequence 

comprised by the amplicon resulting from step (c), and a 5' portion comprising a nucleic acid 

sequence that is identical to a second sequencing primer and the second target-specific primer is 

nested with respect to the first target-specific primer; 

wherein the first tail primer comprises a nucleic acid sequence identical to the tailed 

random primer; and 

wherein the second tail primer comprises a nucleic acid sequence identical to a portion of 

the first sequencing primer and is nested with respect to the first tail primer.  

20. The method of any of paragraphs 18-19, further comprising a step of contacting 

the sample and products with RNase after extension of the initial target-specific primer.  
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21. The method of any of paragraphs 1-3, wherein the tailed random primer can form 

a hair-pin loop structure.  

22. The method of any of paragraphs 1-4, wherein the initial target-specific primer 

and the first target-specific primer are identical.  

23. The method of any of paragraphs 1-5, wherein the tailed random primer further 

comprises a barcode portion comprising 6-12 random nucleotides between the 5' nucleic acid 

sequence identical to a first sequencing primer and the 3' nucleic acid sequence comprising 6-12 

random nucleotides. 7.A method of determining the nucleotide sequence contiguous to a known 

target nucleotide sequence, the method comprising; 

(a) contacting a target nucleic acid molecule comprising the known target 

nucleotide sequence with a population of tailed random primers under hybridization 

conditions; 

(b) performing a template-dependent extension reaction that is primed by a 

hybridized tailed random primer and that uses the portion of the target nucleic acid 

molecule downstream of the site of hybridization as a template; 

(c) amplifying a portion of the target nucleic acid molecule and the tailed 

random primer sequence with a first tail primer and a first target-specific primer; 

(d) amplifying a portion of the amplicon resulting from step (c) with a second 

tail primer and a second target-specific primer; 

(e) sequencing the amplified portion from step (d) using a first and second 

sequencing primer; 

wherein the population of tailed random primers comprises single-stranded 

oligonucleotide molecules having a 5' nucleic acid sequence identical to a first sequencing 

primer; a middle barcode portion comprising; and a 3' nucleic acid sequence comprising from 

about 6 to about 12 random nucleotides; 

wherein the first target-specific primer comprises a nucleic acid sequence that can 

specifically anneal to the known target nucleotide sequence of the target nucleic acid at the 

annealing temperature; 

wherein the second target-specific primer comprises a 3' portion comprising a nucleic 

acid sequence that can specifically anneal to a portion of the known target nucleotide sequence 

comprised by the amplicon resulting from step (c), and a 5' portion comprising a nucleic acid 

sequence that is identical to a second sequencing primer and the second target-specific primer is 

nested with respect to the first target-specific primer; 

wherein the first tail primer comprises a nucleic acid sequence identical to the tailed 

random primer; and 
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wherein the second tail primer comprises a nucleic acid sequence identical to a portion of 

the first sequencing primer and is nested with respect to the first tail primer.  

24. The method of paragraph 23, wherein the each tailed random primer further 

comprises a spacer nucleic acid sequence between the 5' nucleic acid sequence identical to a first 

sequencing primer and the 3' nucleic acid sequence comprising about 6 to about 12 random 

nucleotides.  

25. The method of paragraph 23 or 24, wherein the unhybridized primers are removed 

from the reaction after an extension step.  

26. The method of any of paragraphs 23-25, wherein the second tail primer is nested 

with respect to the first tail primer by at least 3 nucleotides.  

27. The method of any of paragraphs 23-26, wherein the first target-specific primer 

further comprises a 5' tag sequence portion comprising a nucleic acid sequence of high GC 

content which is not substantially complementary to or substantially identical to any other portion 

of any of the primers.  

28. The method of any of paragraphs 23-27, wherein the second tail primer is 

identical to the full-length first sequencing primer.  

29. The method of any of paragraphs 23-28, wherein the portions of the target

specific primers that specifically anneal to the known target will anneal specifically at a 

temperature of about 65°C in a PCR buffer.  

30. The method of any of paragraphs 23-29, wherein the sample comprises genomic 

DNA.  

31. The method of any of paragraphs 23-30, wherein the sample comprises RNA and 

the method further comprises a first step of subjecting the sample to a reverse transcriptase 

regimen.  

32. The method of any of paragraphs 23-31, wherein the nucleic acids present in the 

sample have not been subjected to shearing or digestion or wherein the sample comprises single

stranded gDNA or cDNA.  

33. The method of any of paragraphs 23-32, wherein the reverse transcriptase 

regimen comprises the use of random hexamers.  

34. The method of any of paragraphs 23-33, wherein a gene rearrangement comprises 

the known target sequence.  

35. The method of paragraph 34, wherein the gene rearrangement is present in a 

nucleic acid selected from the group consisting of: genomic DNA; RNA; and cDNA.  

36. The method of any of paragraphs 34-35, wherein the gene rearrangement 

comprises an oncogene.  
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37. The method of paragraph 36, wherein the gene rearrangement comprises a fusion 

oncogene.  

38. The method of any of paragraphs 23-37, wherein the nucleic acid product is 

sequenced by a next-generation sequencing method.  

39. The method of paragraph 38, wherein the next-generation sequencing method 

comprises a method selected from the group consisting of: 

Ion Torrent, Illumina, SOLiD, 454; Massively Parallel Signature Sequencing solid-phase, 

reversible dye-terminator sequencing; and DNA nanoball sequencing.  

40. The method of any of paragraphs 23-39, wherein the first and second sequencing 

primers are compatible with the selected next-generation sequencing method.  

41. The method of any of paragraphs 23-40, wherein the method comprises 

contacting the sample, or separate portions of the sample, with a plurality of sets of first and 

second target-specific primers.  

42. The method of any of paragraphs 23-41, wherein the method comprises 

contacting a single reaction mixture comprising the sample with a plurality of sets of first and 

second target-specific primers.  

43. The method of any of paragraphs 23-42, wherein the plurality of sets of first and 

second target-specific primers specifically anneal to known target nucleotide sequences 

comprised by separate genes.  

44. The method of any of paragraphs 23-43, wherein at least two sets of first and 

second target-specific primers specifically anneal to different portions of a known target 

nucleotide sequence.  

45. The method of any of paragraphs 23-44, wherein at least two sets of first and 

second target-specific primers specifically anneal to different portions of a single gene 

comprising a known target nucleotide sequence.  

46. The method of any of paragraphs 23-45, wherein at least two sets of first and 

second target-specific primers specifically anneal to different exons of a gene comprising a 

known nucleotide target sequence.  

47. The method of any of paragraphs 23-46, wherein the plurality of first target

specific primers comprise identical 5' tag sequence portions.  

48. The method of any of paragraphs 23-47, wherein each tailed random primer in a 

population of tailed random primers further comprises an identical sample barcoding portion.  

49. The method of paragraph 48, wherein multiple samples are each contacted with a 

separate population of tailed random primers with a sample barcoding portion; wherein each 
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population of tailed random primers has a distinct sample barcoding portion; and wherein the 

samples are pooled after step (b).  

50. The method of any of paragraphs 23-49, wherein each amplification step 

comprises a set of cycles of a PCR amplification regimen from 5 cycles to 20 cycles in length.  

51. The method of any of paragraphs 23-50, wherein the target-specific primers and 

the tail primers are designed such that they will specifically anneal to their complementary 

sequences at an annealing temperature of from about 61 to 72 °C.  

52. The method of any of paragraphs 23-51, wherein the target-specific primers and 

the tail primers are designed such that they will specifically anneal to their complementary 

sequences at an annealing temperature of about 65 °C.  

53. The method of any of paragraphs 23-52, wherein the target nucleic acid molecule 

is from a sample, optionally which is a biological sample obtained from a subject.  

54. The method of paragraph 53, wherein the sample is obtained from a subject in 

need of treatment for a disease associated with a genetic alteration.  

55. The method of paragraph 54, wherein the disease is cancer.  

56. The method of paragraph 53, wherein the sample comprises a population of tumor 

cells.  

57. The method of paragraph 53, wherein the sample is a tumor biopsy.  

58. The method paragraph 55, wherein the cancer is lung cancer.  

59. The method of any of paragraphs 23-58, wherein a disease-associated gene 

comprises the known target sequence.  

60. The method of 53, wherein a gene rearrangement product in the sample comprises 

the known target sequence.  

61. The method of paragraph 60, wherein the gene rearrangement product is an 

oncogene.  

EXAMPLES 

Example 1: A method using reverse transcriptase with tailed random oligonucleotides and 

gene-specific oligonucleotides to amplify 3'fusion events 

[00160] First Strand Synthesis 

As a first step towards amplifying 3' fusion events for sequence analysis, RNA was obtained 

from a sample isolated from a subject. The following reaction was assembled on ice to 

synthesize the first cDNA strand: 
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* 12 pL purified RNA and H20 

• 2 pL 1.2 pg/pL random primer #1 (9mer) 

• 2 pL dNTP 

[001611 The reaction was transferred to a thermocycler and incubated at 650C for 5 

minutes. Then, the reaction was centrifuged and incubated on ice for at least one minute.  

To the reaction above, the following was prepared on ice: 

• 2 pL iOXM-MuLV reverse transcriptase buffer 

• 1 pL 40 U/pL RNase inhibitor 

• 1 pL 200 U/pL M-MuLV enzyme 

[00162] The reaction was mixed and centrifuged briefly to collect the reaction 

contents at the bottom of the tube, then placed back on ice. The reaction was then incubated 

at 420C for 60 minutes, followed by 40 C.  

[00163] ExoI Treatment 

The following was added to the reaction above, 

• 1 pL 20 U/pL Exonuclease I 

[00164] The reaction was mixed and centrifuged briefly to collect the contents at the 

bottom of the tube, then incubated at 370C for 10 minutes. Next, 1.28 pL of IN NaOH was 

added and mixed by pipetting up and down then centrifuged to collect the contents. The 

reaction was incubated at 80C for 10 minutes, then 4 pL 10 mM Tris pH 8.3 was added ad 

mixed by pipetting up and down. 20 pL of the Exonuclease-treated DNA solution was 

transferred to a fresh 200 pL PCR tube on ice.  

[00165] Second Strand cDNA Synthesis 

The following reaction was prepared: 

• 20 pL DNA solution, from above 

• 11 pL nuclease-free H 2 0 

• 4 pL lOX PCR Buffer II 

• 4 pL 3 pM gene-specific primer #1 

• 1 pL 0.5 mM dNTP 

[001661 The reaction was mixed by pipetting up and down then centrifuged briefly 

to collect the contents and placed on ice. The reaction was then incubated at 950 C for 3 

minutes, then 22 0C for 10 seconds followed by 40C until proceeding to the next step. The 

reaction was incubated on ice for at least one minutes.  
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[001671 The following was added to the reaction: 

• 1 pL 400 U/pL Manta 1.0 DNA Polymerase (high concentration) 

[00168] The reaction was incubated at 25 0C for 10 seconds, then 700 C for 10 minutes and 

maintained at 40C until proceeding to the next step.  

[00169] DNA Purification with AMPure beads #1 

The following was added to the reaction above, 

• 88.4 pL AMPure beads 

[00170] The suspension was mixed well and incubated for 5 minutes at room temperature.  

A magnet was used 2-4 minutes to collect the beads and the solution appeared clear. The 

supernatant was discarded and the beads were washed twice times with 200 pL 70% ethanol 

on the magnet. After the second wash, the beads were dried at room temperature for 5 

minutes. Finally, the DNA was eluted by removing the tubes from the magnet and 

resuspending the beads in 12 pL 10 mM Tris-HCl pH 8.3 elution buffer included in the 

AMPure kit. The RNA-bead solution was placed on the magnet for 2 minutes. Then, the 

DNA solution was transferred to a fresh PCR tube, being sure to avoid transferring beads to 

the fresh tube.  

[00171] It should be appreciated that in some embodiments the ratio of beads to reaction 

mix can effect the size of fragments returned. In some embodiments, for fusion detection, all 

or substantially all fragments are longer than 60 nt (e.g., 30nt on either side of a fusion break 

point or junction) so each gene can be easily identified.  

[00172] Amplification #1 

The following reaction was prepared: 

• 10 pL purified DNA, from Purification #1 above 

• 4 pL 5X Phoenix Hot Start Buffer 

• 2 pL 2 mM dNTP 

• 2 pL 10 pM P5_barcode primer 

• 2 pL 3 pM gene-specific primer #1 

• 0.5 to 2 Units polymerase (e.g., Pheonix Hot Start Taq, VeraSeq) 

[001731 The reaction was incubated as follows: 

• Step 1: 95 °C for 3 minutes 

• Step 2: 950 C for 30 seconds 

• Step 3: 650C for 5 minutes, return to step 2 for 14 cycles 
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• Step 4: 72°C for 2 minutes 

• Step 5: 4°C, until proceeding with the protocol 

[00174] DNA Purification with AMPure beads #2 

The following was added to the reaction above, 

• 36.4 pL AMPure beads 

[00175] The suspension was mixed well and incubated for 5 minutes at room temperature.  

A magnet was used 2-4 minutes to collect the beads and the solution appeared clear. The 

supernatant was discarded and the beads were washed twice times with 200 pL 70% ethanol 

on the magnet. After the second wash, the beads were dried at room temperature for 5 

minutes. Finally, the DNA was eluted by removing the tubes from the magnet and 

resuspending the beads in 9 pL 10 mM Tris-HCl pH 8.3 elution buffer included in the 

AMPure kit. The RNA-bead solution was placed on the magnet for 2 minutes. Then, the 

DNA solution was transferred to a fresh PCR tube, being sure to avoid transferring beads to 

the fresh tube.  

[00176] Amplification #2 

The following reaction was prepared: 

• 8.5 pL purified DNA, from Purification #2 above 

• 4 pL 5X Phoenix Hot Start Buffer 

• 2 pL 2 mM dNTP 

• 2 pL 10 pM P5_29 bp primer 

• 2 pL 10 pM P7 barcode primer 

• 2 pL 3 pM gene-specific primer #2 

* 0.2 pL 5 U/pL Phoenix Hot Start Taq polymerase 

• 2 pL 10 pM P7 barcode primer 

[001771 The reaction was incubated as follows: 

• Step 1: 95 °C for 3 minutes 

• Step 2: 950C for 30 seconds 

• Step 3: 650C for 5 minutes, return to step 2 for 14 cycles 

• Step 4: 720C for 2 minutes 

• Step 5: 40C, until proceeding with the protocol 

[00178] DNA Purification with AMPure beads #3 

The following was added to the reaction above, 
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• 37.3 pL AMPure beads 

[00179] The suspension was mixed well and incubated for 5 minutes at room temperature.  

A magnet was used 2-4 minutes to collect the beads and the solution appeared clear. The 

supernatant was discarded and the beads were washed twice times with 200 pL 70% ethanol 

on the magnet. After the second wash, the beads were dried at room temperature for 5 

minutes. Finally, the DNA was eluted by removing the tubes from the magnet and 

resuspending the beads in 20 pL 10 mM Tris-HCl pH 8.3 elution buffer included in the 

AMPure kit. The RNA-bead solution was placed on the magnet for 2 minutes. Then, the 

DNA solution was transferred to a fresh PCR tube, being sure to avoid transferring beads to 

the fresh tube.  

[00180] Quantification ofLibrary Concentration 

The Kapa Biosystems qPCR kit for Illumina was used to quantitate the concentration of 

each library prepared using the protocol above. The barcoded libraries were pooled at equimolar 

concentrations. Then the library was loaded on an Illumina MiSeq at XpM using the MiSeq v2 

300 cycle reagent kit following the manufacturer's instruction. The samples were sequenced 

using 2x150 bp reads with 7 base encoded index reads.  

Example 2: A method using reverse transcriptase with gene-specific oligonucleotides and 

tailed random oligonucleotides to amplify 5'fusion events 

[00181] First Strand Synthesis 

As a first step towards amplifying 5' fusion events for sequence analysis, RNA was 

obtained from a sample isolated from a subject. The following reaction was assembled on ice to 

synthesize the first cDNA strand: 

• 12 pL purified RNA and H20 

• 2 pL gene-specific primer #1 

• 2 pL dNTP 

[00182] The reaction was transferred to a thermocycler and incubated at 650C for 5 

minutes. Then, the reaction was centrifuged and incubated on ice for at least one minute.  

To the reaction above, the following was prepared on ice: 

• 2 pL iOXM-MuLV reverse transcriptase buffer 

• 1 pL 40 U/pL RNase inhibitor 

• 1 pL 200 U/pL M-MuLV enzyme 
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[001831 The reaction was mixed and centrifuged briefly to collect the reaction 

contents at the bottom of the tube, then placed back on ice. The reaction was then incubated 

at 420C for 60 minutes, followed by 40 C.  

[00184] ExoI Treatment 

The following was added to the reaction above, 

• 1 pL 20 U/pL Exonuclease I 

[00185] The reaction was mixed and centrifuged briefly to collect the contents at the 

bottom of the tube, then incubated at 370C for 10 minutes. Next, 1.28 pL of IN NaOH was 

added and mixed by pipetting up and down then centrifuged to collect the contents. The 

reaction was incubated at 80C for 10 minutes, then 4 pL 10 mM Tris pH 8.3 was added ad 

mixed by pipetting up and down. 20 pL of the Exonuclease-treated DNA solution was 

transferred to a fresh 200 pL PCR tube on ice.  

[00186] Second Strand cDNA Synthesis 

The following reaction was prepared: 

• 20 pL DNA solution, from above 

• 11 pL nuclease-free H20 

• 4 pL lOX PCR Buffer II 

• 4 pL 1.2 pg/pL random primer (9mer) 

• 1 pL 0.5 mM dNTP 

[001871 The reaction was mixed by pipetting up and down then centrifuged briefly 

to collect the contents and placed on ice. The reaction was then incubated at 950 C for 3 

minutes, then 22 0C for 10 seconds followed by 40C until proceeding to the next step. The 

reaction was incubated on ice for at least one minutes.  

[001881 The following was added to the reaction: 

• 1 pL 400 U/pL Manta 1.0 DNA Polymerase (high concentration) 

[00189] The reaction was incubated at 25 0C for 10 seconds, then 700C for 10 minutes and 

maintained at 40C until proceeding to the next step.  

[00190] DNA Purification with AMPure beads #1 

The following was added to the reaction above, 

• 88.4 pL AMPure beads 
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[00191] The suspension was mixed well and incubated for 5 minutes at room temperature.  

A magnet was used 2-4 minutes to collect the beads and the solution appeared clear. The 

supernatant was discarded and the beads were washed twice times with 200 pL 70% ethanol 

on the magnet. After the second wash, the beads were dried at room temperature for 5 

minutes. Finally, the DNA was eluted by removing the tubes from the magnet and 

resuspending the beads in 12 pL 10 mM Tris-HCl pH 8.3 elution buffer included in the 

AMPure kit. The RNA-bead solution was placed on the magnet for 2 minutes. Then, the 

DNA solution was transferred to a fresh PCR tube, being sure to avoid transferring beads to 

the fresh tube.  

[00192] Amplification #1 

The following reaction was prepared: 

• 10 pL purified DNA, from Purification #1 above 

• 4 pL 5X Phoenix Hot Start Buffer 

• 2 pL 2 mM dNTP 

• 2 pL 10 pM P5_barcode primer 

• 2 pL 3 pM gene-specific primer #1 

• 0.5 to 2 Units polymerase (e.g., Pheonix Hot Start Taq, VeraSeq) 

[001931 The reaction was incubated as follows: 

• Step 1: 95 °C for 3 minutes 

• Step 2: 950C for 30 seconds 

• Step 3: 650C for 5 minutes, return to step 2 for 14 cycles 

• Step 4: 720C for 2 minutes 

• Step 5: 40C, until proceeding with the protocol 

[00194] DNA Purification with AMPure beads #2 

The following was added to the reaction above, 

• 36.4 pL AMPure beads 

[00195] The suspension was mixed well and incubated for 5 minutes at room temperature.  

A magnet was used 2-4 minutes to collect the beads and the solution appeared clear. The 

supernatant was discarded and the beads were washed twice times with 200 pL 70% ethanol 

on the magnet. After the second wash, the beads were dried at room temperature for 5 

minutes. Finally, the DNA was eluted by removing the tubes from the magnet and 

resuspending the beads in 9 pL 10 mM Tris-HCl pH 8.3 elution buffer included in the 
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AMPure kit. The RNA-bead solution was placed on the magnet for 2 minutes. Then, the 

DNA solution was transferred to a fresh PCR tube, being sure to avoid transferring beads to 

the fresh tube.  

[00196] Amplification #2 

The following reaction was prepared: 

• 8.5 pL purified DNA, from Purification #2 above 

• 4 pL 5X Phoenix Hot Start Buffer 

• 2 pL 2 mM dNTP 

• 2 pL 10 pM P5_29 bp primer 

• 2 pL 10 pM P7 barcode primer 

• 2 pL 3 pM gene-specific primer #2 

* 0.2 pL 5 U/pL Phoenix Hot Start Taq polymerase 

• 2 pL 10 pM P7 barcode primer 

[001971 The reaction was incubated as follows: 

• Step 1: 95 °C for 3 minutes 

• Step 2: 950C for 30 seconds 

• Step 3: 650C for 5 minutes, return to step 2 for 14 cycles 

• Step 4: 720C for 2 minutes 

• Step 5: 40C, until proceeding with the protocol 

[00198] DNA Purification with AMPure beads #3 

The following was added to the reaction above, 

• 37.3 pL AMPure beads 

[00199] The suspension was mixed well and incubated for 5 minutes at room temperature.  

A magnet was used 2-4 minutes to collect the beads and the solution appeared clear. The 

supernatant was discarded and the beads were washed twice times with 200 pL 70% ethanol 

on the magnet. After the second wash, the beads were dried at room temperature for 5 

minutes. Finally, the DNA was eluted by removing the tubes from the magnet and 

resuspending the beads in 20 pL 10 mM Tris-HCl pH 8.3 elution buffer included in the 

AMPure kit. The RNA-bead solution was placed on the magnet for 2 minutes. Then, the 

DNA solution was transferred to a fresh PCR tube, being sure to avoid transferring beads to 

the fresh tube.  
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[00200 Quantification ofLibrary Concentration 

The Kapa Biosystems qPCR kit for Illumina was used to quantitate the concentration of 

each library prepared using the protocol above. The barcoded libraries were pooled at equimolar 

concentrations. Then the library was loaded on an Illumina MiSeq at XpM using the MiSeq v2 

300 cycle reagent kit following the manufacturer's instruction. The samples were sequenced 

using 2x150 bp reads with 7 base encoded index reads.  
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CLAIMS 

What is claimed herein is: 

1. A method comprising, in the presence of a double-stranded target nucleic acid: 

(a) contacting a first nucleic acid template comprising a sequence of a first strand of the 

double-stranded target nucleic acid with a complementary target-specific primer that comprises a 

target-specific hybridization sequence, under conditions to promote template-specific 

hybridization and extension of the target-specific primer; and 

(b) contacting a second nucleic acid template comprising a sequence of a second strand 

that is complementary to the first strand of the double-stranded target nucleic acid with a plurality 

of different primers that share a common sequence that is 5' to different hybridization sequences, 

under conditions to promote template-specific hybridization and extension of at least one of the 

plurality of different primers, wherein the plurality of different primers have different 3' end 

nucleotides that serve as a substrate for a polymerase to produce an extension product, wherein 

each primer of the plurality of different primers does not anneal to the same sequence of the 

double-stranded target nucleic acid as any other primer of the plurality of different primers, 

wherein the common sequence comprises DNA, 

wherein an extension product is generated to contain both a sequence that is characteristic 

of the target-specific primer and a sequence that is characteristic of at least one of the plurality of 

different primers; 

(c) subjecting the extension product to an amplification reaction comprising successive 

rounds of polymerase extension of i) a tail primer that comprises a 3' sequence that specifically 

anneals to a complement of the common sequence and that comprises a 5' tail sequence, and ii) a 

primer that specifically anneals to a sequence comprising a complement of the target-specific 

hybridization sequence; 

(d) determining a nucleotide sequence of a product of the amplification reaction.  

2. The method of claim 1, wherein the double-stranded target nucleic acid is a ribonucleic 

acid.  

3. The method of claim 1, wherein the double-stranded target nucleic acid is a 

deoxyribonucleic acid.  

4. The method of any of claims 1 to 3 wherein steps (a) and (b) are performed sequentially.  

5. The method of any of claims 1 to 4, wherein the first nucleic acid template in step (a) 

comprises an extension product resulting from the hybridization and extension of the at least one 

of the plurality of different primers in step (b).  
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6. The method of any one of claims 1 to 4, wherein the second nucleic acid template in step 

(b) comprises an extension product resulting from the hybridization and extension of the target

specific primer in step (a).  

7. The method of claim 3, wherein the double-stranded target nucleic acid is a chromosomal 

segment that comprises a portion of a genetic rearrangement.  

8. The method of claim 7, wherein the genetic rearrangement is an inversion, deletion, or 

translocation.  

9. The method of any one of claims I to 8, further comprising contacting the extension 

product or amplified extension product with an immobilized oligonucleotide under conditions in 

which hybridization occurs between the extension product and immobilized oligonucleotide.  

10. The method of any of claims 1 to 9, wherein the double-stranded target nucleic acid 

comprises a target portion having a known sequence and a flanking portion having an unknown 

sequence.  

11. The method of claim 10, wherein different hybridization sequences are complementary to 

the flanking portion.  

12. The method of claim 10 or 11, wherein the target-specific hybridization sequence is 

complementary to the target portion.  

13. The method of any of claims I to 12, wherein the target-specific primer further comprises, 

5' to the target-specific hybridization sequence, at least one of an index sequence, a barcode 

sequence and an adaptor sequence.  

14. The method of any of claims I to 13, wherein the common sequence comprises at least one 

of an index sequence, barcode sequence, or an adaptor sequence.  

15. The method of claim 13 or 14, wherein the adaptor sequence is a cleavable adaptor 

sequence for immobilizing oligonucleotides in a flow cell.  

16. The method of any of claims I to 15, wherein the common sequence consists of DNA.  

17. The method of any of claims 1 to 16, wherein the plurality of different primers comprises a 

plurality of different DNA oligonucleotide primers.  

18. The method of any of claims I to 17, wherein each primer of the plurality of different 

primers does not contain RNA.  

19. The method of any of claims I to 18, wherein the plurality of different primers comprises a 

plurality of different hairpin primers, wherein each hairpin primer comprises the common 
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sequence and a complementary sequence thereof that base pair to form a stem-loop hairpin 

structure that is 5' to different hybridization sequences.  

20. The method of claim 19, wherein the stem-loop hairpin structure comprises at least one of 

an index sequence, a barcode sequence, or an adapter sequence flanked by the common sequence 

and the complementary sequence thereof.  

21. Nucleic acids for analysis when prepared by the method of any one of claims 1 to 20.  
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