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WHAT IS CLAIMED IS: 

1. 	A method for identifying a presen 	of one or more target 

nucleotide sequences in a sample comprising: 

5 	 providing a sample potentially contain 	g the one or more target 

nucleotide sequences; 

providing one or more oligonucleo de probe sets, each set comprising 

(a) a first oligonucleotide probe having a target-• • ecific portion, and (b) a second 

oligonucleotide probe having a target specific 	ortion, wherein the first and second 

10 	oligonucleotide probes of a probe set are co 	igured to hybridize adjacent to one 

another on the target nucleotide sequence 	ith a junction between the first and second 

oligonucleotide probes, and wherein, in . •robe set, the target specific portion of the 

second oligonucleotide probe has an ov dapping identical nucleotide at the junction 

with the first oligonucleotide probe; 

15 contacting the sampl' and the one or more oligonucleotide probe sets 

under conditions effective for firs and second oligonucleotide probes of a probe set to 

hybridize at adjacent positions i , a base specific manner to their corresponding target 

nucleotide sequences, if prese r in the sample, wherein upon hybridization the 

overlapping identical nucleo de of the second oligonucleotide probe forms a flap at 

20 	the junction comprising the overlapping identical nucleotide; 

cleaving t e overlapping identical nucleotide of the second 

oligonucleotide probe 'ith an enzyme having 5' nuclease activity, thereby liberating a 

phosphate at the seco d oligonucleotide probe's 5'end; 

ligat 	g first and second oligonucleotide probes of the one or more 

25 	oligonucleotide p , •be sets together at the junction to form ligated product sequences; 

• -tecting the ligated product sequences in the sample; and 

identifying the presence of one or more target nucleotide sequences in 

the sample • s sed on said detecting. 

30 2. 	The method of claim 1 further comprising: 

amplifying the target nucleotide sequences in the sample prior to said 

con 	ng. 
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3. The method of claim 1, wherein said d,  tecting comprises: 

sequencing the ligated product sequences in 	e sample. 

4. The method of claim 1, wherein 	id detecting comprises: 

5 separating the ligated product sequenc:. by size. 

5. The method of claim 1, wh- em one of the oligonucleotide 

probes in a probe set further comprises a zip-co a 	portion, wherein the zip-code 

portions hybridize to their complementary cap :re oligonucleotides under unifolin 

10 	hybridization conditions, said method further comprising: 

providing a collection of the capture oligonucleotides and 

contacting the ligation pro uct sequence with the collection of capture 

oligonucleotides under conditions effec ye to hybridize the zip-code portion of each 

ligated product sequence to its compl: 	entary capture oligonucleotide in the collection 

15 	with minimal non-specific hybridiz. ion and under uniform hybridization conditions, 

whereby said detecting takes plat: after hybridization of the ligated product sequences 

to their complementary capture c igonucleotides. 

6. The 	•thod of claim 5, wherein each type of capture 

20 	oligonucleotide in the coll- Lion comprises a nucleotide sequence that is greater than 

sixteen nucleotides and d' fers from nucleotide sequences of other types of capture 

oligonucleotides in the ollection, when aligned to each other, by at least 25%. 

7. The method of claim 5, wherein the collection of capture 

25 	oligonucleotides 	immobilized on a solid support. 

. . 	The method of claim 7, wherein the solid support is in a form 

selected fro , the group consisting of beads, slides, discs, membranes, films, 

microtiter slates, and composites thereof. 

30 

9. 	The method of claim 7, wherein the solid support comprises an 

array • f positions, with the collection of capture oligonucleotides being immobilized 

at t, e array of positions. 
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5 

10. The method of claim 1, wherein the V st oligonucleotide probe 

of the probe set further comprises a 5' primer-specific po r ion and the second 

' oligonucleotide probe in a probe set further comprises a 	primer-specific portion, 

wherein each ligated product sequence comprises the - primer-specific portion, the 

target-specific portions, and the 3' primer-specific p,,rtion. 

11. The method of claim 10 	her comprising: 

providing one or more oligonuc -otide primer sets, each set comprising 

10 (a) a first oligonucleotide primer comprising 	e same nucleotide sequence as the 5' 

primer-specific portion of the ligated produ t sequence and (b) a second 

oligonucleotide primer comprising a nuci' otide sequence that is complementary to the 

3' primer-specific portion of the ligated I roduct sequence; 

blending the ligated pr,  duct sequences, the one or more 

15 

20 

oligonucleotide primer sets, and a D A polymerase to form a polymerase chain 

reaction mixture; and 

subjecting the po 	erase chain reaction mixture to one or more 

polymerase chain reaction eye s comprising a denaturation treatment, a hybridization 

treatment, and an extension t eatment thereby forming primary extension products, 

whereby said detecting inv 	yes detection of the primary extension products. 

12. ►  e method of claim 11, wherein one of the first or second 

oligonucleotide prim* s of a primer set comprises a detectable label, whereby said 

detecting involves 4 -tection of labeled primary extension products. 

25 

1, 	The method of claim 11, wherein said detecting comprising: 

equencing said extension products after said subjecting. 

14. The method of claim 11, wherein said detecting comprises: 

30 separating the ligated product sequences by size. 

15. The method of claim 11, wherein either or both of the first and 

sec►  d oligonucleotide probes in a probe set further comprises a zip-code or a portion 
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thereof, where the zip-codes hybridize to complementary cap 	re oligonucleotides 

under uniform hybridization conditions. 

16. The method of claim 15 further c,,mprising: 

5 providing a collection of capture oligo 	cleotides, wherein each capture 

oligonucleotide hybridizes to complementary zip co,  e portions, and comprises a 

quencher molecule and a detectable label that are 	-parated from each other; 

adding the collection of capture o gonucleotides to the polymerase 

chain reaction mixture; and 

10 hybridizing capture oligonuclr 'tides of the collection to their 

complementary zip-code portions of the li 	ted product sequences or complement 

thereof during said subjecting, whereby t I e quencher molecule and/or the detectable 

label are cleaved from the hybridized c. sture oligonucleotide during said extension 

treatment whereby said detecting iny yes the detection of the cleaved detectable 

15 label. 

17. The method of claim 15 further comprising: 

providing a col ction of capture oligonucleotides, wherein each capture 

oligonucleotide hybridizes t• complementary zip code portions, and comprises a 

20 quencher molecule and a d ectable label that are separated from each other; 

providing I ne or more secondary oligonucleotide primer sets capable 

of hybridizing to the p 	ary extension products; 

blendi g the collection of capture oligonucleotides, the one or more 

secondary oligonuc -otide primer sets, the primary extension products, and a 

25 polymerase to fo 	a secondary polymerase chain reaction mixture; 

s , ojecting the secondary polymerase chain reaction mixture to one or 

more polymer, se chain reaction cycles comprising a denaturation treatment, a 

hybridizatio r treatment, wherein capture oligonucleotides of the collection hybridize 

to their co r plementary zip-code portions of the primary extension products and the 

30 secondar 	oligonucleotide primers hybridize to the primary extension products, and 

an exte sion treatment, wherein the hybridized primers are extended thereby forming 

seco a ary extension products; and 
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cleaving the quencher molecule and/or the det ctable label from the 

hybridized capture oligonucleotides during said extension t •-atment, whereby said 

detecting involves the detection of the cleaved detectable 	bel. 

5 18. The method of claim 16 or 17, 'herein each type of capture 

oligonucleotide in the collection comprises a nucleo , de sequence that differs from 

nucleotide sequences of other types of capture oh_ •nucleotides in the collection, 

when aligned to each other, by at least 25%. 

10 19. The method of claim 1 , further comprising: 

providing a collection of the apture oligonucleotides, wherein each 

capture oligonucleotide of the collection • bridizes to complementary zip-code portions 

and 

contacting the primary •xtension products, after said subjecting, with 

15 	the collection of capture oligonucle• ides under conditions effective to hybridize the 

zip-code portion of each primary 	tension product to its complementary capture 

oligonucleotide in the collection 	ith minimal non-specific hybridization and under 

unifoini hybridization conditio s, whereby said detecting takes place after 

hybridization of the primary x ension products to their complementary capture 

20 	oligonucleotides. 

20. / c method of claim 19, wherein each type of capture 

oligonucleotide in the collection comprises a nucleotide sequence that is greater than 

sixteen nucleotides nd differs from nucleotide sequences of other types of capture 

25 	oligonucleotides i 	the collection, when aligned to each other, by at least 25%. 

1. 	The method of claim 19, wherein one of the oligonucleotide 

primers oft • one or more oligonucleotide primer sets further comprises a detectable 

label there y forming labeled primary extension products. 

30 

22. 	The method of claim 19, wherein the collection of capture 

oligo ucleotides is immobilized on a solid support. 
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23. The method of claim 23, wherein the so id support is in a form 

selected from the group consisting of beads, slides, discs, 	mbranes, films, 

microliter plates, and composites thereof. 

5 24. The method of claim 23, where 	the solid support comprises 

an array of positions, wherein the collection of rapt 	e oligonucleotides is 

immobilized at the array of positions. 

25. The method of claim 15 	herein the first oligonucleotide 

10 probe further comprises a first portion of the, ip-code and a first tag portion that is 3' 

to the first zip-code portion, and the secons • ligonucleotide probe further comprises a 

second portion of the zip-code and a seco d tag portion that is 5' to the second zip-

code portion, wherein the first and seco'.d zip-code portions of an oligonucleotide 

probe set, when adjacently positioned form a full-length zip-code, and wherein the 

15 first and second tag portions of an o gonucleotide probe set are complementary to 

each other, said method further co 	prising: 

providing a cone• ion of capture oligonucleotides complementary to a 

portion of the first zip-code po ion and a portion of the second zip-code portion, 

wherein each capture oligon 	leotide of the collection comprises a quencher molecule 

20 and a detectable label that . e separated from each other; 

subj ecti • he primary extension products and the collection of capture 

oligonucleotides to cone,itions effective for (i) the first and second tag portions of a 

particular primary ex nsion product to hybridize to each other to form hairpinned 

extension products 	ith adjacently positioned first and second zip-code portions and 

25 (ii) the capture oligonucleotides of the collection to hybridize to complementary 

adjacently posit fined first and second zip-code portions of the hairpinned extension 

products; and 

cleaving the quencher molecule or the detectable label from hybridized 

capture oh onucleotides, whereby said detecting involves detection of the detectable 

30 label sep rated from the quencher molecule. 

26. The method of claim 15, wherein (i) the first oligonucleotide 

pro i e further comprises a second primer-specific portion that differs for each different 
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oligonucleotide probe set, a first portion of the zip-code, and 	first tag portion that is 

3' to the first zip-code portion, and (ii) the second oligonuc -otide probe further 

comprises a second portion of the zip-code and a second t g portion that is 5' to the 

second zip-code portion, wherein the first and second zi ,-code portions of an 

5 oligonucleotide probe set, when adjacently positioned form a full-length zip-code, 

and wherein the first and second tag portions of an o igonucleotide probe set are 

complementary to each other, said method further omprising: 

providing one or more secondary ,rimer sets comprising (i) a first 

secondary oligonucleotide primer having (a) a ucleotide sequence that is the same as 

10 the second primer-specific portion of the firs oligonucleotide probe, (b) a capture 

oligonucleotide portion that is complement ry to adjacently positioned first and 

second zip-code portions of an oligonucl:itide probe set, (c) a quencher molecule and 

a detectable label separated by said cap, re oligonucleotide portion, and (ii) a second 

secondary oligonucleotide primer hav 	g the same nucleotide sequence as the second 

15 primary oligonucleotide primer; 

blending the prima, extension products, the one or more secondary 

oligonucleotide primer sets, and 	polymerase to form a second polymerase chain 

reaction mixture; 

subjecting the econd polymerase chain reaction mixture to one or 

20 more polymerase chain rea'non cycles thereby fai 	ing secondary extension ni_ 

products; 

subjecti • the secondary extension products to conditions effective for 

the first and second t. • portions of a particular secondary extension product to 

hybridize to each of er to form hairpinned secondary extension products with 

25 adjacently positio ed first and second zip-code portions and (ii) the capture 

oligonucleotide a ortion of a particular hairpinned secondary extension product to 

hybridize to c• 	plementary adjacently positioned first and second zip-code portions 

of the hairpi , ned extension product; and 

cleaving the quencher molecule or the detectable label from the capture 

30 oligonuc - otide portion of the hairpinned secondary extension products whereby said 

detecti r g involves detection of the detectable label separated from the quencher 

molecule. 
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27. The method of claim 11, wherein the s,  cond oligonucleotides 

probe further comprises a unitaq detection portion, thereby 'orming ligated product 

sequences comprising the 5' primer-specific portion, the 	rget-specific portions, the 

unitaq detection portion, and the 3' primer-specific port on, said method further 

5 comprising 

providing one or more unitaq detect • 	probes, wherein each unitaq 

detection probe hybridizes to a complementary un aq detection portion and comprises 

a quencher molecule and a detectable label that 	e separated from each other; 

adding the one or more unitaq a tection probes to the polymerase 

10 

15 

chain reaction mixture; and 

hybridizing the one or more a nitaq detection probes to complementary 

unitaq detection portions on the ligated p a duct sequence or complement thereof 

during said subjecting, whereby the qu 	cher molecule and the detectable label arc 

cleaved from the one or more unitaq • -tection probes during said extension treatment, 

whereby said detecting involves the • etection of the cleaved detectable label. 

28. The meth• d of claim 11, wherein the second oligonucleotides 

probe further comprises a unit. • detection portion, whereby the primary extension 

product sequences formed c 	prise the 5' primer-specific portion, the target-specific 

20 portions, the unitaq detecti• n portion, and the 3' primer-specific portion, said method 

further comprising 

providi 	one or more unitaq detection probes, wherein each unitaq 

detection probe hybri,  izes to a complementary unitaq detection portion and comprises 

a quencher molecul and a detectable label that are separated from each other; 

25 pre iding one or more secondary oligonucleotide primer sets capable 

of hybridizing tt the primary extension products; 

elending the one or more unitaq detection probes, the one or more 

secondary o gonucleotide primer sets, the primary extension products, and a 

polymeras to form a secondary polymerase chain reaction mixture; 

30 subjecting the secondary polymerase chain reaction mixture to one or 

more p4lymerase chain reaction cycles comprising a denaturation treatment, a 

hybri I ization treatment, wherein the one or more unitaq detection probes hybridize to 

they complementary unitaq detection portions of the extension products and the 



WO 2013/123220 

- 85 - 

	

P IUS" 

 13/026180 

secondary oligonucleotide primers hybridize to the primary e tension products, and 

an extension treatment, wherein the hybridized primers are a xtended thereby forming 

secondary extension products; 

cleaving the quencher molecule and/or t 	detectable label from the 

5 	one or more hybridized unitaq detection probes durin said extension treatment, 

whereby said detecting involves the detection of the leaved detectable label. 

29. The method of claim 27or 8, wherein the unitaq detection 

probe is coupled via a further portion to the 5' nd of the secondary oligonucleotide 

10 	primer. 

30. The method of clai 	11, wherein (i) the second oligonucleotide 

probe further comprises a unitaq detect 4n portion, thereby forming ligated product 

sequences comprising the 5' primer-s r ecific portion, the target-specific portions, the 

15 	unitaq detection portion, and the 3' 	rimer-specific portion, (ii) the first 

oligonucleotide primer further co 	prises a unitaq detection probe that is 

complementary to the unitaq det ction portion of the ligated product sequence, and a 

quencher molecule and a dete able label separated by said unitaq detection probe, 

and (iii) the primary extensie 	products formed during said subjecting comprise the 

20 	detectable label, the unita 	• etection probe, the quencher molecule, the 5' primer- 

specific portion, the targ: specific portions, the unitaq detection portion, and the 

3'primer-specific portit , said method further comprising: 

subjec ng primary extension products to conditions effective for the 

unitaq detection pre • e of a particular extension product to hybridize to its 

25 	complementary u f itaq detection portion, thereby forming hairpinned extension 

products; and 

cleaving the quencher molecule or the detectable label from the unitaq 

detection pr• 9 e of the hairpinned extension product, whereby said detecting involves 

detection • 	the labeled hairpinned extension product or the cleaved detectable label. 

30 

31. The method of claim 1, wherein the first and second 

oligo ucleotide probes of the one or more oligonucleotide probe sets further comprise 

a fi t and second tag portion, respectively, wherein the first and second tag portions 
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of an oligonucleotide probe set are complementary to each of er, and wherein the first 

and second tag portions for each different oligonucleotide p obe set have different 

nucleotide sequences, said method further comprising: 

subjecting the sample, after said ligating, o conditions effective for the 

5 first and second tag portions of a particular ligated pro 4 uct sequence to hybridize, 

thereby forming hairpinned ligated product sequence ; and 

removing unligated oligonucleotide •robes from the sample after said 

subjecting. 

10 32. 	The method of claim 3, , wherein the first oligonucleotide 

probe of the probe set further comprises a 5 primer-specific portion and the second 

oligonucleotide probe in a probe set furth' r comprises a 3' primer-specific portion, 

said method further comprising: 

providing one or more Jligonucleotide primer sets, each set comprising 

15 (a) a first oligonucleotide primer co: prising the same nucleotide sequence as the 5' 

primer-specific portion of the liga d product sequence and (b) a second 

oligonucleotide primer comprisi g a nucleotide sequence that is complementary to the 

3' primer-specific portion oft - ligated product sequence; 

blending, afte' said digesting, the ligated product sequences, the one or 

20 more oligonucleotide prim: sets, and a DNA polymerase to form a polymerase chain 

reaction mixture; and 

subject 	• the polymerase chain reaction mixture to one or more 

polymerase chain rea: ion cycles thereby forming primary extension products, 

whereby said detect 	g involves detection of the primary extension products. 

25 

3, . 	The method of claim 32, wherein one of the first or second 

oligonucleot • 	primers of a primer set comprises a detectable label, whereby said 

detecting involves_ detection of labeled primary extension products 

30 34. 	The method of claim 11 further comprising: 

occluding unligated oligonucleotide probes from the sample 

corn • sing ligated product sequences prior to said subjecting to prevent unligated 

oli?•nucleotide probe extension or amplification. 
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35. The method of claim 34, wherein the second oligonucleotide 

probe further comprises a nucleotide flap that is 5' to the ,,verlapping identical 

nucleotide at the junction, wherein at least a portion of I e nucleotide flap is 

5 complementary to at least a portion of the 3' primer-s , ecific portion of the second 

oligonucleotide probe, and wherein, in the absence • ligation, complementary 

regions of the nucleotide flap and the 3' primer-sp cific portion of unligated second 

oligonucleotide probes hybridize to each other t• form hairpinned second 

oligonucleotide probes. 

10 

36. The method of clai 	_ 5 further comprising: 

extending the 3' primer-s 	cific portion of the hairpinned second 

oligonucleotide probe during said subje' ting to form an extended hairpinned second 

oligonucleotide probe that cannot hyb dize to the second oligonucleotide primer. 

15 

20 

37. The meth°. of claim 11, wherein the 5' end of the first 

oligonucleotide probe is couple. o the 3' end of the second oligonucleotide probe, 

thereby forming a coupled oli. anucleotide probe, said coupled oligonucleotide probe 

forming a circular ligated pre • uct sequence comprising the 5' primer-specific portion, 

the target specific portions and the 3' primer-specific portion. 

25 

38. 1 e method of claim 37, wherein the coupled probe further 

comprises a polymer.. e blocker within the portion where the 5' end of the first 

oligonucleotide pro e is coupled to the 3' end of the second oligonucleotide probe, 

and wherein duri 	said subjecting non-circularized extension products are formed. 

9. 	The method of claim 37, wherein the coupled probe further 

comprises a leavable nucleotide or nucleotide analogue within the portion where the 

5' end oft , e first oligonucleotide probe is coupled to the 3' end of the second 

30 oligonuc -otide probe, and wherein during said subjecting non-circularized extension 

produc,  are formed. 
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40. The method of claim 37, wherein the c ,upled oligonucleotide 

probe further comprises a segment that is complementary t. the 3' target specific 

portion, wherein, in the absence of ligation, the 3' target 	• ecific portion of the 

coupled probed hybridizes to the complementary segm 	t to foam a hairpinned 

5 coupled oligonucleotide probe. 

41. The method of claim 40, fur er comprising: 

extending the 3'target-specific po ion of the coupled hairpinned 

oligonucleotide probe during said subjecting to form an extended coupled hairpinned 

10 oligonucleotide probe that occludes binding 	the second oligonucleotide primer to 

its complementary sequence. 

42. The method of c im 1, wherein the one or more 

oligonucleotide probe sets further co of I rise a third oligonucleotide probe having a 

15 target-specific target portion, where 	the second and third oligonucleotide probes of a 

probe set are configured to hybrid'r e adjacent to one another on the target nucleotide 

sequence with a junction betwee the second and third oligonucleotide probes during 

said contacting, and wherein, i 	a probe set, the target specific portion of the third 

oligonucleotide probe has a 	•verlapping identical nucleotide at the junction with the 

20 second oligonucleotide probe in a probe set that is removed during said cleaving to 

allow ligation between t 	second and third oligonucleotide probes at the junction to 

form a ligated product 	quence comprising the first, second, and third 

oligonucleotide prob 6* of a probe set. 

25 43 	The method of claim 1, wherein the sample is selected from the 

group consisting' of tissue, cells, serum, blood, plasma, amniotic fluid, sputum, urine, 

bodily fluids, r odily secretions, bodily excretions, cell-free circulating nucleic acids, 

cell-free circ Alating fetal nucleic acids in pregnant woman, circulating tumor cells, 

tumor, to 	• r biopsy, and exosomes. 

30 

44. 	The method of claim 1, wherein the one or more target 

nucle o tide sequences are low abundance nucleic acid molecules comprising one or 
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more nucleotide base insertions, deletions, translocations, m 	ations, and/or damaged 

nucleotide bases. 

45. The method of claim 44, where n he low abundance nucleic 

5 	acid molecules with one or more nucleotide base inse ►  ions, deletions, translocations, 

mutations and/or damaged nucleotide bases are iden fled and distinguished from an 

excess of nucleic acid molecules in the sample hav ng a similar nucleotide sequence 

as the low abundance nucleic acid molecules but 	ithout the one or more nucleotide 

base insertions, deletions, translocations, muta ons, and/or damaged bases. 

10 

46. The method of clai 	45, wherein the wherein the first 

oligonucleotide probe comprises a mism. ch  nucleotide or nucleotide analog at a base 

position that is two or three bases from 	e junction between the second and first 

oligonucleotide probes. 

15 

47. The metho s of claim 45, wherein the second oligonucleotide 

probe comprises one or more thi phosphate-modified nucleotide bases that is 3' to the 

overlapping identical nucleotto - at the junction between the second and first 

oligonucleotide probes. 

20 

48. Th method of claim 45, wherein the second oligonucleotide 

probe comprises one or 	ore thiophosphate-modified nucleotide bases that are 5' to 

the overlapping nude tide at the junction between the second and first 

oligonucleotide pro, es. 

25 

4 	The method of claim 45, wherein the copy number of one or 

more low abu 4 ante target nucleotide sequences are quantified relative to the copy 

number fro 	an excess of nucleic acid molecules in the sample having a similar 

nucleotide sequence as the low abundance nucleic acid molecules. 

30 

50. 	The method of claim 1, wherein the one or more target 

nucleotide sequences are quantified. 
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51. The method of claim 50, wherein the o e or more target 

nucleotide sequences are quantified relative to other nucleo de sequences in the 

sample. 

5 52. The method of claim 50, where 	the relative copy number of 

one or more target nucleotide sequences are quantif d. 

53. The method of claim 1, r  rther comprising: 

10 diagnosing or prognosing a disease state based on said identifying. 

54. The method of cla 	1, further comprising: 

distinguishing a genotyp or disease predisposition based on said 

identifying. 

15 

55. A method P, r identifying a presence of one or more target 

nucleotide sequences in a sampl,  , said method comprising: 

providing a sa 	.le potentially containing the target nucleotide 

sequence; 

20 providing o,  e or more oligonucleotide probe sets, each set comprising 

(a) a first oligonucleotid- 	robe having a target-specific portion, and (b) a second 

oligonucleotide probe 	lying 5' non-target specific flap portion and a target-specific 

portion containing o 	or more thiophosphate-modified nucleotide bases, wherein the 

first and second olitonucleotide probes of a probe set are configured to hybridize on 

25 	the target nucleot s e sequence; 

c antacting the sample and the one or more oligonucleotide probe sets 

under conditift s effective for first and second oligonucleotide probes of a probe set to 

hybridize in 	base specific manner to their corresponding target nucleotide 

sequences if present in the sample; 

30 cleaving the 5' non-target specific flap portion of the second 

oligon leotide probe with an enzyme having 5' nuclease activity, thereby liberating a 

5' p isphate at a first nucleotide base of the target-specific portion of the second 

oligonucleotide; 
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ligating first and second oligonucleotide probe, of the one or more 

oligonucleotide probe sets together to form ligated product equences containing the 

target-specific portions with the one or more thiophospha -modified nucleotide 

bases; 

5 detecting ligated product sequences in , e sample; and 

identifying the presence of the one or 	ore target nucleotide sequences 

in the sample based on said detecting. 

56. The method of claim 55 , urther comprising: 

10 extending the first oligorruclee ide probe with a polymerase prior to 

said cleaving to form a junction with the se ond oligonucleotide probe, wherein the 

target specific portion of the second olige ucleotide probe has an overlapping 

identical nucleotide at the junction wit 	he extended first oligonucleotide probe. 

15 57. The method e, claim 55, wherein at least one of the first or 

second oligonucleotide probes fu 	er comprises a detectable label wherein said 

detecting involves detection of t , e labeled ligated product sequences. 

58. The 	shod of claim 55, wherein said detecting comprises: 

20 sequencing 	e ligated product sequences in the sample. 

59. r c method of claim 55, wherein said detecting comprises: 

separa' ng the ligated product sequences by size. 

25 60 	The method of claim 55, wherein at least one of the one or 

more thiophosp r ate-modified nucleotide bases of the second oligonucleotide probe is 

3' to the first t rget-specific nucleotide base. 

61. 	The method of claim 55, wherein the first oligonucleotide 

30 probe of , probe set further comprises a 5' primer-specific portion and the second 

oligon 	leotide probe in a probe set further comprises a 3' primer-specific portion, 

wher= n each ligated product sequence comprises the 5' primer-specific portion, the 
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target-specific portions with one or more thiophosphates, and he 3' primer-specific 

portion. 

62. The method of claim 61 further comprising: 

5 providing one or more oligonucleotide primer sets, each set comprising 

(a) a first oligonucleotide primer comprising the sa 	- nucleotide sequence as the 5' 

primer-specific portion of the ligated product sequ' nce and (b) a second 

oligonucleotide primer comprising a nucleotide 	-quence that is complementary to the 

3' primer-specific portion of the ligated produ 	sequence; 

10 blending the ligated product s: quences, the one or more 

oligonucleotide primer sets, and a polymer. e to form a polymerase chain reaction 

mixture; and 

subjecting the polymer. 	chain reaction mixture to one or more 

polymerase chain reaction cycles thug .y fainting extension products; whereby said 

15 detecting involved detection of said -xtension products. 

63. The meth' d of claim 62 further comprising: 

occluding unli ,ted oligonucleotide probes from the sample 

comprising ligated product sequences prior to said subjecting to prevent unligated 

20 probe extension or amplifi, .tion. 

64. ►  c method of claim 62, wherein at least a portion of said 5' 

nucleotide flap of the . econd oligonucleotide probe is complementary to at least a 

portion of the 3' p 	er-specific portion of the second oligonucleotide probe, and 

25 wherein, in the ab.ence of ligation, complementary regions of the 5' nucleotide flap 

and the 3' prim 	-specific portion of an unligated second oligonucleotide probe 

hybridize to e. ch other to form a hairpinned second oligonucleotide probe. 

65. The method of claim 64, further comprising: 

30 extending the 3' primer-specific portion of the hairpinned second 

oligon cleotide probe during said subjecting to form an extended hairpinned second 

oligo ucleotide probe that occludes binding of the second oligonucleotide primer to 

its , omplementary sequence. 
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66. The method of claim 62, wherein sai detecting comprising: 

sequencing said extension products after s, d subjecting. 

5 67. The method of claim 55, where 	the sample is selected from 

the group consisting of tissue, cells, serum, blood, p %sma, amniotic fluid, sputum, 

urine, bodily fluids, bodily secretions, bodily exc # ions, cell-free circulating nucleic 

acids, cell-free circulating fetal nucleic acids in p egnant woman, circulating tumor 

cells, tumor, tumor biopsy, and exosomes. 

10 

68. The method of clai 	55, wherein the one or more target 

nucleotide sequences are low abundance ucleic acid molecules comprising one or 

more nucleotide base insertions, deletio s, translocations, mutations, and/or damaged 

nucleotide bases. 

15 

69. The metho a of claim 68, wherein the low abundance nucleic 

acid molecules with one or mor: 	ucleotide base insertions, deletions, translocations, 

mutations and/or damaged nu eotide bases are identified and distinguished from an 

excess of nucleic acid molec les in the sample having a similar nucleotide sequence 

20 	as the low abundance nuclo c acid molecules but without the one or more nucleotide 

base insertions, deletions translocations, mutations, and/or damaged bases. 

70. he method of claim 55, wherein the one or more target 

nucleotide sequenc*. are quantified. 

25 

7, . 	The method of claim 70, wherein the one or more target 

nucleotide sea A ences are quantified relative to other nucleotide sequences in the 

sample. 

30 72. 	The method of claim 70, wherein the relative copy number of 

one or ore target nucleotide sequences are quantified. 
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73. The method of claim 69, wherein the c,,py number of one or 

more low abundance target nucleotide sequences are quanti ed relative to the copy 

number from an excess of nucleic acid molecules in the s. 	ple having a similar 

nucleotide sequence as the low abundance nucleic acid r olccules. 

74. The method of claim 55, fort 	r comprising: 

diagnosing or prognosing a disease .tate based on said identifying. 

75. The method of claim 55 	urther comprising: 

) distinguishing a genotype or 4 sease predisposition based on said 

identifying. 

76. A method for ide tifying a presence of one or more target 

nucleotide sequences in a sample co 	arising: 

5 	 providing a sample p tentially containing the one or more target 

nucleotide sequences; 

providing one or 	ore oligonucleotide probe sets, each set comprising 

(i) a first oligonucleotide prob= comprising a 5' primer-specific portion, a first portion 

of a zip-code portion, a first ,g portion that is 3' to the first zip-code portion, and a 

target -specific portion, and ii) a second oligonucleotide probe comprising a 3' 

primer-specific portion, . second portion of the zip-code portion, a second tag portion 

that is 5' to the second ip-code portion, and a target-specific portion, wherein the 

first and second zip-c,, de portions of an oligonucleotide probe set, when adjacently 

positioned, form a 	11-length zip-code, and wherein the first and second tag portions 

of an oligonucleo de probe set are complementary to each other; 

c,,ntacting the sample and the one or more oligonucleotide probe sets 

under conditio s effective for first and second oligonucleotide probes of a probe set to 

hybridize in 	base specific manner to their corresponding target nucleotide 

sequences, f present in the sample; 

) ligating first and second oligonucleotide probes of the one or more 

probe is together to form ligated product sequences; 

providing one or more oligonucleotide primer sets, each set comprising 

(a) first oligonucleotide primer comprising the same nucleotide sequence as the 5' 
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primer-specific portion of the ligated product sequence and ( 	a second 

oligonucleotide primer comprising a nucleotide sequence t it is complementary to the 

3' primer-specific portion of the ligated product sequence,  

blending the ligated product sequences, t e one or more 

5 oligonucleotide primer sets, and a DNA polymerase to form a polymerase chain 

reaction mixture; 

subjecting the polymerase chain re. Lion mixture to one or more 

polymerase chain reaction cycles thereby formi 	primary extension products; 

providing a collection of captur oligonucleotides complementary to a 

10 portion of the first zip-code portion and a po 	on of the second zip-code portion, 

wherein each capture oligonucleotide of the collection comprises a quencher molecule 

and a detectable label separated from eac , other; 

subjecting the primary c 	ension products and the collection of capture 

oligonucleotides to conditions effecti 	for (i) the first and second tag portions of a 

15 particular primary extension produc to hybridize to each other to fomi hairpinned 

extension products with adjacentl positioned first and second zip-code portions and 

(ii) the capture oligonucleotides if the collection to hybridize to complementary 

adjacently positioned first and econd zip-code portions of the hairpinned extension 

products; 

20 cleaving the quencher molecule or the detectable label from the 

hybridized capture oli go 	cleotides; 

dctectin 	he detectable label separated from the quencher molecule; 

and 

iden fying the presence of the one or more target nucleotide sequences 

25 in the sample ba -d on said detecting 

77. 	A method for identifying a presence of one or more target 

nucleotide so a uences in a sample comprising: 

providing a sample potentially containing the one or more target 

30 nucleoti o - sequences; 

providing one or more oligonucleotide probe sets, each set comprising 

(i) a r rst oligonucleotide probe comprising a 5' primer-specific portion, a first portion 

of 	zip-code portion, a first tag portion that is 3' to the first zip-code portion, and a 
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target-specific portion, and (ii) a second oligonucleotide prob 	comprising a 3' 

primer-specific portion, a second portion of the zip-code po ion, a second tag portion 

that is 5' to the second zip-code portion and a target-spec is portion, wherein the first 

and second zip-code portions of an oligonucleotide pro e 	set, when adjacently 

5 positioned, form a full-length zip-code, and wherein t e - first and second tag portions 

of an oligonucleotide probe set are complementary t,  each other; 

contacting the sample and the one o more oligonucleotide probe sets 

under conditions effective for first and second of gonucleotide probes of a probe set to 

hybridize in a base specific manner to their co esponding target nucleotide 

10 sequences, if present in the sample; 

ligating first and second o i!, inucleotide probes of the one or more 

probe sets together to form ligated produ 	sequences; 

providing one or more o gonucleotide primer sets, each set comprising 

(i) a first oligonucleotide primer havi • (a) a nucleotide sequence that is the same as 

15 the second primer-specific portion o the first oligonucleotide probe, (b) a capture 

oligonucleotide portion that is co 	elementary to adjacently positioned first and 

second zip-code portions of an o gonucleotide probe set, (c) a quencher molecule and 

a detectable label separated by .aid capture oligonucleotide portion, (ii) a second 

oligonucleotide primer comp sing a nucleotide sequence that is complementary to the 

20 3' primer-specific portion • the ligated product sequence; 

blending t, e ligated product sequences, the one or more 

oligonucleotide primer • ets, and a DNA polymerase to form a polymerase chain 

reaction mixture; 

subj - ting the polymerase chain reaction mixture to one or more 

25 polymerase chain eaction cycles thereby forming primary extension products; 

s ejecting the primary extension products to conditions effective for 

the first and se and tag portions of a particular primary extension product to hybridize 

to each other o form hairpinned primary extension products with adjacently 

positioned'first and second zip-code portions and (ii) the capture oligonucleotide 

30 portion o' a particular hairpinned primary extension product to hybridize to 

comple 	entary adjacently positioned first and second zip-code portions of the 

hairp 	ned extension product; 
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cleaving the quencher molecule or the detectar e label from capture 

oligonucleotide portion of the hairpinned primary extensio 	products; 

detecting the detectable label separated fro 	the quencher molecule; 

and 

5 identifying the presence of the one or f ore target nucleotide sequences 

in the sample based on said detecting 

78. A kit for identifying a pre• -nce of one or more target 

nucleotide sequences in a sample comprising: 

10 an enzyme having 5' nuclease . ctivity; 

a ligase; and 

one or more oligonucleotis e probe sets, each set comprising (a) a first 

oligonucleotide probe having a target-s r ecific portion, and (b) a second 

oligonucleotide probe having a target .pecific portion, wherein the first and second 

15 	oligonucleotide probes of a probe s- are configured to hybridize adjacent to one 

another on the target nucleotide s- suence with a junction between the first and second 

oligonucleotide probes, and whe ein, in a probe set, the target specific portion of the 

second oligonucleotide probe ►  as an overlapping identical nucleotide at the junction 

with the first oligonucleotid- s robe. 

20 

79. A it for identifying a presence of one or more target 

nucleotide sequences i 	a sample comprising: 

an en 	e having 5' nuclease activity; 

a lig se; and 

25 on,  or more oligonucleotide probe sets, each set comprising (a) a first 

oligonucleotide arobe having a target-specific portion, and (b) a second 

oligonucleo is - probe having 5' non-target specific flap portion and a target-specific 

portion cony ning one or more thiophosphate-modified nucleotide bases, wherein the 

first and s- and oligonucleotide probes of a probe set are configured to hybridize on 

30 	the targe , nucleotide sequence. 
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WHAT IS CLAIMED IS 

1. 	A method for identifying a presence of one or more target nucleotide 

sequences in a sample comprising: 

providing a sample potentially containing the one or more target nucleotide 

sequences; 

providing one or more oligonucleotide probe sets, each set comprising (a) a first 

oligonucleotide probe having a 5' primer-specific portion and a target-specific portion, and (b) 

a second oligonucleotide probe having a 3' primer-specific portion, a target specific portion, 

and a 5' nucleotide sequence, wherein said 5' nucleotide sequence is complementary to at least 

a portion of the 3' primer-specific portion and hybridizes to said complementary portion of the 

3' primer-specific portion to form a hairpinned second oligonucleotide probe when said second 

probe is not hybridized to a target nucleotide sequence, wherein the first and second 

oligonucleotide probes of a probe set are configured to hybridize adjacent to one another on the 

target nucleotide sequence with a junction between the first and second oligonucleotide probes, 

and wherein, in a probe set, the target specific portion of the second oligonucleotide probe has 

an overlapping identical nucleotide at the junction with the first oligonucleotide probe; 

contacting the sample and the one or more oligonucleotide probe sets under 

conditions effective for first and second oligonucleotide probes of a probe set to hybridize at 

adjacent positions in a base specific manner to their corresponding target nucleotide sequences, 

if present in the sample, wherein upon hybridization the overlapping identical nucleotide and 

the 5' nucleotide sequence of the second oligonucleotide probe forms a flap at the junction 

comprising the overlapping identical nucleotide; 

cleaving the overlapping identical nucleotide of the second oligonucleotide 

probe with an enzyme having 5' nuclease activity, thereby liberating a phosphate at the second 

oligonucleotide probe's 5'end; 

ligating first and second oligonucleotide probes of the one or more 

oligonucleotide probe sets together at the junction to form ligated product sequences, wherein 

each ligated product sequence comprises the 5' primer-specific portion, the target-specific 

portions, and the 3' primer-specific portion; 

detecting the ligated product sequences in the sample; and 
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identifying the presence of one or more target nucleotide sequences in the 

sample based on said detecting. 

2. The method of claim 1 further comprising: 

amplifying the target nucleotide sequences in the sample prior to said 

contacting. 

3. The method of claim 1, wherein said detecting comprises: 

sequencing the ligated product sequences in the sample. 

4. The method of claim 1, wherein said detecting comprises: 

separating the ligated product sequences by size. 

5. The method of claim 1, wherein one of the oligonucleotide probes in a 

probe set further comprises a zip-code portion, wherein the zip-code portions hybridize to their 

complementary capture oligonucleotides under uniform hybridization conditions, said method 

further comprising: 

providing a collection of the capture oligonucleotides and 

contacting the ligation product sequence with the collection of capture 

oligonucleotides under conditions effective to hybridize the zip-code portion of each ligated 

product sequence to its complementary capture oligonucleotide in the collection with minimal 

non-specific hybridization and under uniform hybridization conditions, whereby said detecting 

takes place after hybridization of the ligated product sequences to their complementary capture 

oligonucleotides. 

6. The method of claim 5, wherein each type of capture oligonucleotide in 

the collection comprises a nucleotide sequence that is greater than sixteen nucleotides and differs 

from nucleotide sequences of other types of capture oligonucleotides in the collection, when 

aligned to each other, by at least 25%. 
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7. The method of claim 5, wherein the collection of capture 

oligonucleotides is immobilized on a solid support. 

8. The method of claim 7, wherein the solid support is in a form selected 

from the group consisting of beads, slides, discs, membranes, films, microtiter plates, and 

composites thereof. 

9. The method of claim 7, wherein the solid support comprises an array of 

positions, with the collection of capture oligonucleotides being immobilized at the array of 

positions. 

10. The method of claim 1 further comprising: 

providing one or more oligonucleotide primer sets, each set comprising (a) a 

first oligonucleotide primer comprising the same nucleotide sequence as the 5' primer-specific 

portion of the ligated product sequence and (b) a second oligonucleotide primer comprising a 

nucleotide sequence that is complementary to the 3' primer-specific portion of the ligated 

product sequence; 

blending the ligated product sequences, the one or more oligonucleotide primer 

sets, and a DNA polymerase to form a polymerase chain reaction mixture; and 

subjecting the polymerase chain reaction mixture to one or more polymerase 

chain reaction cycles comprising a denaturation treatment, a hybridization treatment, and an 

extension treatment thereby forming primary extension products, whereby said detecting 

involves detection of the primary extension products. 

11. The method of claim 10 wherein one of the first or second 

oligonucleotide primers of a primer set comprises a detectable label, whereby said detecting 

involves detection of labeled primary extension products. 

12. The method of claim 10, wherein said detecting comprising: 

sequencing said extension products after said subjecting. 
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13. The method of claim 10, wherein said detecting comprises: 

separating the ligated product sequences by size. 

14. The method of claim 10, wherein either or both of the first and second 

oligonucleotide probes in a probe set further comprises a zip-code or a portion thereof, where 

the zip-codes hybridize to complementary capture oligonucleotides under uniform 

hybridization conditions. 

15. The method of claim 14 further comprising: 

providing a collection of capture oligonucleotides, wherein each capture 

oligonucleotide hybridizes to complementary zip code portions, and comprises a quencher 

molecule and a detectable label that are separated from each other; 

adding the collection of capture oligonucleotides to the polymerase chain 

reaction mixture; and 

hybridizing capture oligonucleotides of the collection to their complementary 

zip-code portions of the ligated product sequences or complement thereof during said 

subjecting, whereby the quencher molecule and/or the detectable label are cleaved from the 

hybridized capture oligonucleotide during said extension treatment whereby said detecting 

involves the detection of the cleaved detectable label. 

16. The method of claim 14 further comprising: 

providing a collection of capture oligonucleotides, wherein each capture 

oligonucleotide hybridizes to complementary zip code portions, and comprises a quencher 

molecule and a detectable label that are separated from each other; 

providing one or more secondary oligonucleotide primer sets capable of 

hybridizing to the primary extension products; 

blending the collection of capture oligonucleotides, the one or more secondary 

oligonucleotide primer sets, the primary extension products, and a polymerase to form a 

secondary polymerase chain reaction mixture; 

subjecting the secondary polymerase chain reaction mixture to one or more 

polymerase chain reaction cycles comprising a denaturation treatment, a hybridization 
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treatment, wherein capture oligonucleotides of the collection hybridize to their complementary 

zip-code portions of the primary extension products and the secondary oligonucleotide primers 

hybridize to the primary extension products, and an extension treatment, wherein the 

hybridized primers are extended thereby forming secondary extension products; and 

cleaving the quencher molecule and/or the detectable label from the hybridized 

capture oligonucleotides during said extension treatment, whereby said detecting involves the 

detection of the cleaved detectable label. 

17. The method of claim 15 or 16, wherein each type of capture 

oligonucleotide in the collection comprises a nucleotide sequence that differs from nucleotide 

sequences of other types of capture oligonucleotides in the collection, when aligned to each 

other, by at least 25%. 

18. The method of claim 14 further comprising: 

providing a collection of the capture oligonucleotides, wherein each capture 

oligonucleotide of the collection hybridizes to complementary zip-code portions and 

contacting the primary extension products, after said subjecting, with the 

collection of capture oligonucleotides under conditions effective to hybridize the zip-code 

portion of each primary extension product to its complementary capture oligonucleotide in the 

collection with minimal non-specific hybridization and under uniform hybridization 

conditions, whereby said detecting takes place after hybridization of the primary extension 

products to their complementary capture oligonucleotides. 

19. The method of claim 18, wherein each type of capture oligonucleotide in 

the collection comprises a nucleotide sequence that is greater than sixteen nucleotides and 

differs from nucleotide sequences of other types of capture oligonucleotides in the collection, 

when aligned to each other, by at least 25%. 

20. The method of claim 18, wherein one of the oligonucleotide primers of 

the one or more oligonucleotide primer sets further comprises a detectable label thereby 

forming labeled primary extension products. 
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21. The method of claim 18, wherein the collection of capture 

oligonucleotides is immobilized on a solid support. 

22. The method of claim 21 wherein the solid support is in a form selected 

from the group consisting of beads, slides, discs, membranes, films, microtiter plates, and 

composites thereof. 

23. The method of claim 22, wherein the solid support comprises an array of 

positions, wherein the collection of capture oligonucleotides is immobilized at the array of 

positions. 

24. The method of claim 14, wherein the first oligonucleotide probe further 

comprises a first portion of the zip-code and a first tag portion that is 3' to the first zip-code 

portion, and the second oligonucleotide probe further comprises a second portion of the zip-

code and a second tag portion that is 5' to the second zip-code portion, wherein the first and 

second zip-code portions of an oligonucleotide probe set, when adjacently positioned, form a 

full-length zip-code, and wherein the first and second tag portions of an oligonucleotide probe 

set are complementary to each other, said method further comprising: 

providing a collection of capture oligonucleotides complementary to a portion 

of the first zip-code portion and a portion of the second zip-code portion, wherein each capture 

oligonucleotide of the collection comprises a quencher molecule and a detectable label that are 

separated from each other; 

subjecting the primary extension products and the collection of capture 

oligonucleotides to conditions effective for (i) the first and second tag portions of a particular 

primary extension product to hybridize to each other to form hairpinned extension products 

with adjacently positioned first and second zip-code portions and (ii) the capture 

oligonucleotides of the collection to hybridize to complementary adjacently positioned first and 

second zip-code portions of the hairpinned extension products; and 
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cleaving the quencher molecule or the detectable label from hybridized capture 

oligonucleotides, whereby said detecting involves detection of the detectable label separated 

from the quencher molecule. 

25. 	The method of claim 14, wherein (i) the first oligonucleotide probe 

further comprises a second primer-specific portion that differs for each different 

oligonucleotide probe set, a first portion of the zip-code, and a first tag portion that is 3' to the 

first zip-code portion, and (ii) the second oligonucleotide probe further comprises a second 

portion of the zip-code and a second tag portion that is 5' to the second zip-code portion, 

wherein the first and second zip-code portions of an oligonucleotide probe set, when adjacently 

positioned, form a full-length zip-code, and wherein the first and second tag portions of an 

oligonucleotide probe set are complementary to each other, said method further comprising: 

providing one or more secondary primer sets comprising (i) a first secondary 

oligonucleotide primer having (a) a nucleotide sequence that is the same as the second primer-

specific portion of the first oligonucleotide probe, (b) a capture oligonucleotide portion that is 

complementary to adjacently positioned first and second zip-code portions of an 

oligonucleotide probe set, (c) a quencher molecule and a detectable label separated by said 

capture oligonucleotide portion, and (ii) a second secondary oligonucleotide primer having the 

same nucleotide sequence as the second primary oligonucleotide primer; 

blending the primary extension products, the one or more secondary 

oligonucleotide primer sets, and a polymerase to form a second polymerase chain reaction 

mixture; 

subjecting the second polymerase chain reaction mixture to one or more 

polymerase chain reaction cycles thereby forming secondary extension products; 

subjecting the secondary extension products to conditions effective for the first 

and second tag portions of a particular secondary extension product to hybridize to each other 

to form hairpinned secondary extension products with adjacently positioned first and second 

zip-code portions and (ii) the capture oligonucleotide portion of a particular hairpinned 

secondary extension product to hybridize to complementary adjacently positioned first and 

second zip-code portions of the hairpinned extension product; and 
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cleaving the quencher molecule or the detectable label from the capture 

oligonucleotide portion of the hairpinned secondary extension products whereby said detecting 

involves detection of the detectable label separated from the quencher molecule. 

26. The method of claim 10, wherein the second oligonucleotides probe 

further comprises a unitaq detection portion, thereby forming ligated product sequences 

comprising the 5' primer-specific portion, the target-specific portions, the unitaq detection 

portion, and the 3' primer-specific portion, said method further comprising 

providing one or more unitaq detection probes, wherein each unitaq detection 

probe hybridizes to a complementary unitaq detection portion and comprises a quencher 

molecule and a detectable label that are separated from each other; 

adding the one or more unitaq detection probes to the polymerase chain reaction 

mixture; and 

hybridizing the one or more unitaq detection probes to complementary unitaq 

detection portions on the ligated product sequence or complement thereof during said 

subjecting, whereby the quencher molecule and the detectable label are cleaved from the one or 

more unitaq detection probes during said extension treatment, whereby said detecting involves 

the detection of the cleaved detectable label. 

27. The method of claim 10, wherein the second oligonucleotides probe 

further comprises a unitaq detection portion, whereby the primary extension product sequences 

formed comprise the 5' primer-specific portion, the target-specific portions, the unitaq 

detection portion, and the 3' primer-specific portion, said method further comprising 

providing one or more unitaq detection probes, wherein each unitaq detection 

probe hybridizes to a complementary unitaq detection portion and comprises a quencher 

molecule and a detectable label that are separated from each other; 

providing one or more secondary oligonucleotide primer sets capable of 

hybridizing to the primary extension products; 

blending the one or more unitaq detection probes, the one or more secondary 

oligonucleotide primer sets, the primary extension products, and a polymerase to form a 

secondary polymerase chain reaction mixture; 
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subjecting the secondary polymerase chain reaction mixture to one or more 

polymerase chain reaction cycles comprising a denaturation treatment, a hybridization 

treatment, wherein the one or more unitaq detection probes hybridize to their complementary 

unitaq detection portions of the extension products and the secondary oligonucleotide primers 

hybridize to the primary extension products, and an extension treatment, wherein the 

hybridized primers are extended thereby forming secondary extension products; 

cleaving the quencher molecule and/or the detectable label from the one or more 

hybridized unitaq detection probes during said extension treatment, whereby said detecting 

involves the detection of the cleaved detectable label. 

28. The method of claim 26 or 27, wherein the unitaq detection probe is 

coupled via a further portion to the 5' end of the secondary oligonucleotide primer. 

29. The method of claim 10, wherein (i) the second oligonucleotide probe 

further comprises a unitaq detection portion, thereby forming ligated product sequences 

comprising the 5' primer-specific portion, the target-specific portions, the unitaq detection 

portion, and the 3' primer-specific portion, (ii) the first oligonucleotide primer further 

comprises a unitaq detection probe that is complementary to the unitaq detection portion of the 

ligated product sequence, and a quencher molecule and a detectable label separated by said 

unitaq detection probe, and (iii) the primary extension products formed during said subjecting 

comprise the detectable label, the unitaq detection probe, the quencher molecule, the 5' primer-

specific portion, the target specific portions, the unitaq detection portion, and the 3'primer-

specific portion, said method further comprising: 

subjecting primary extension products to conditions effective for the unitaq 

detection probe of a particular extension product to hybridize to its complementary unitaq 

detection portion, thereby foiming hairpinned extension products; and 

cleaving the quencher molecule or the detectable label from the unitaq detection 

probe of the hairpinned extension product, whereby said detecting involves detection of the 

labeled hairpinned extension product or the cleaved detectable label. 



-86- 

30. The method of claim 1, wherein the first and second oligonucleotide 

probes of the one or more oligonucleotide probe sets further comprise a first and second tag 

portion, respectively, wherein the first and second tag portions of an oligonucleotide probe set 

are complementary to each other, and wherein the first and second tag portions for each 

different oligonucleotide probe set have different nucleotide sequences, said method further 

comprising: 

subjecting the sample, after said ligating, to conditions effective for the first and 

second tag portions of a particular ligated product sequence to hybridize, thereby forming 

hairpinned ligated product sequences; and 

removing unligated oligonucleotide probes from the sample after said 

subjecting. 

31. The method of claim 30 further comprising: 

providing one or more oligonucleotide primer sets, each set comprising (a) a 

first oligonucleotide primer comprising the same nucleotide sequence as the 5' primer-specific 

portion of the ligated product sequence and (b) a second oligonucleotide primer comprising a 

nucleotide sequence that is complementary to the 3' primer-specific portion of the ligated 

product sequence; 

blending, after said removing, the ligated product sequences, the one or more 

oligonucleotide primer sets, and a DNA polymerase to form a polymerase chain reaction 

mixture; and 

subjecting the polymerase chain reaction mixture to one or more polymerase 

chain reaction cycles thereby forming primary extension products, whereby said detecting 

involves detection of the primary extension products. 

32. The method of claim 31, wherein one of the first or second 

oligonucleotide primers of a primer set comprises a detectable label, whereby said detecting 

involves detection of labeled primary extension products 

33. The method of claim 10 further comprising: 
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extending the 3' primer-specific portion of the hairpinned second 

oligonucleotide probe during said subjecting to form an extended hairpinned second 

oligonucleotide probe that cannot hybridize to the second oligonucleotide primer to prevent 

second oligonucleotide probe extension or amplification. 

34. The method of claim 1, wherein the sample is selected from the group 

consisting of tissue, cells, serum, blood, plasma, amniotic fluid, sputum, urine, bodily fluids, 

bodily secretions, bodily excretions, cell-free circulating nucleic acids, cell-free circulating 

fetal nucleic acids in pregnant woman, circulating tumor cells, tumor, tumor biopsy, and 

exosomes. 

35. The method of claim 1, wherein the one or more target nucleotide 

sequences are low abundance nucleic acid molecules comprising one or more nucleotide base 

insertions, deletions, translocations, mutations, and/or damaged nucleotide bases. 

36. The method of claim 35, wherein the low abundance nucleic acid 

molecules with one or more nucleotide base insertions, deletions, translocations, mutations 

and/or damaged nucleotide bases are identified and distinguished from an excess of nucleic 

acid molecules in the sample having a similar nucleotide sequence as the low abundance 

nucleic acid molecules but without the one or more nucleotide base insertions, deletions, 

translocations, mutations, and/or damaged bases. 

37. The method of claim 36, wherein the wherein the first oligonucleotide 

probe comprises a mismatch nucleotide or nucleotide analog at a base position that is two or 

three bases from the junction between the second and first oligonucleotide probes. 

38. The method of claim 36 wherein the second oligonucleotide probe 

comprises one or more thiophosphate-modified nucleotide bases that is 3' to the overlapping 

identical nucleotide at the junction between the second and first oligonucleotide probes. 
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39. The method of claim 36, wherein the second oligonucleotide probe 

comprises one or more thiophosphate-modified nucleotide bases that are 5' to the overlapping 

nucleotide at the junction between the second and first oligonucleotide probes. 

40. The method of claim 36, wherein the copy number of one or more low 

abundance target nucleotide sequences are quantified relative to the copy number from an 

excess of nucleic acid molecules in the sample having a similar nucleotide sequence as the low 

abundance nucleic acid molecules. 

41. The method of claim 1, wherein the one or more target nucleotide 

sequences are quantified. 

42. The method of claim 41, wherein the one or more target nucleotide 

sequences are quantified relative to other nucleotide sequences in the sample. 

43. The method of claim 41, wherein the relative copy number of one or 

more target nucleotide sequences are quantified. 

44. The method of claim 1, further comprising: 

diagnosing or prognosing a disease state based on said identifying. 

45. The method of claim 1, further comprising: 

distinguishing a genotype or disease predisposition based on said identifying. 

46. A kit for identifying a presence of one or more target nucleotide 

sequences in a sample comprising: 

an enzyme having 5' nuclease activity; 

a ligase; and 

one or more oligonucleotide probe sets, each set comprising (a) a first 

oligonucleotide probe having a 5' primer-specific portion and a target-specific portion, and (b) 
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a second oligonucleotide probe having a 3' primer-specific portion, a target specific portion, 

and a 5' nucleotide sequence, wherein said 5' nucleotide sequence is complementary to at least 

a portion of the 3' primer-specific portion, wherein the first and second oligonucleotide probes 

of a probe set are configured to hybridize adjacent to one another on the target nucleotide 

sequence with a junction between the first and second oligonucleotide probes, and wherein, in 

a probe set, the target specific portion of the second oligonucleotide probe has an overlapping 

identical nucleotide at the junction with the first oligonucleotide probe. 

47. 	A method for identifying a presence of one or more target nucleotide 
sequences in a sample comprising: 

providing a sample potentially containing the one or more target nucleotide 

sequences; 

providing one or more coupled oligonucleotide probe sets, each coupled probe 

set comprising (a) a first oligonucleotide probe having a 5' primer-specific portion and a 3' 

target-specific portion and, and (b) a second oligonucleotide probe having a 5' target-specific 

portion and a 3' primer-specific portion, wherein said 5' end of the first oligonucleotide probe 

is coupled to the 3' end of the second oligonucleotide probe, wherein the coupled 

oligonucleotide probe further comprises a nucleotide sequence that is complementary to the 3' 

target specific portion and that hybridizes to said complementary 3' target specific portion to 

form a hairpinned coupled oligonucleotide probe when said coupled oligonucleotide probe is 

not hybridized to a target nucleotide sequence, wherein the target-specific portions of the 

coupled oligonucleotide probe set are configured to hybridize adjacent to one another on the 

target nucleotide sequence with a junction between them, and wherein the target specific 

portion of the second oligonucleotide probe has an overlapping identical nucleotide at the 

junction with the first oligonucleotide probe; 

contacting the sample and the one or more coupled oligonucleotide probe sets 

under conditions effective for the target-specific portions of the first and second 

oligonucleotide probes to hybridize at adjacent positions in a base specific manner to their 

corresponding target nucleotide sequences, if present in the sample, wherein upon 
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hybridization the overlapping identical nucleotide of the second oligonucleotide probe forms a 

flap at the junction comprising the overlapping identical nucleotide; 

cleaving the overlapping identical nucleotide of the second oligonucleotide 

probe with an enzyme having 5' nuclease activity, thereby liberating a phosphate at the second 

oligonucleotide probe's 5'end; 

ligating first and second oligonucleotide probes of the one or more coupled 

oligonucleotide probe sets together at the junction to form circular ligated product sequences, 

wherein each circular ligated product sequence comprises the 5' primer-specific portion, the 

target specific portions, and the 3' primer-specific portion; 

detecting the circular ligated product sequences in the sample; and 

identifying the presence of one or more target nucleotide sequences in the 

sample based on said detecting. 

48. The method of claim 47 further comprising: 

providing one or more oligonucleotide primer sets, each set comprising (a) a 

first oligonucleotide primer comprising the same nucleotide sequence as the 5' primer-specific 

portion of the circular ligated product sequence and (b) a second oligonucleotide primer 

comprising a nucleotide sequence that is complementary to the 3' primer-specific portion of 

the circular ligated product sequence; 

blending the circular ligated product sequences, the one or more oligonucleotide 

primer sets, and a DNA polymerase to form a polymerase chain reaction mixture; and 

subjecting the polymerase chain reaction mixture to one or more polymerase 

chain reaction cycles comprising a denaturation treatment, a hybridization treatment, and an 

extension treatment thereby forming primary extension products, whereby said detecting 

involves detection of the primary extension products. 

49. The method of claim 48, wherein the coupled probe further comprises a 

polymerase blocker within the portion where the 5' end of the first oligonucleotide probe is 

coupled to the 3' end of the second oligonucleotide probe, and wherein, during said subjecting, 

non-circularized primary extension products are formed by said extension treatment. 
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50. The method of claim 48, wherein the coupled probe further comprises a 

cleavable nucleotide or nucleotide analogue within the portion where the 5' end of the first 

oligonucleotide probe is coupled to the 3' end of the second oligonucleotide probe, and 

wherein, during said subjecting, non-circularized primary extension products are formed by 

said extension treatment. 

51. The method of claim 48, further comprising: 

extending the 3'target-specific portion of coupled hairpinned oligonucleotide 

probes during said subjecting to form an extended coupled hairpinned oligonucleotide probe 

that occludes binding of the second oligonucleotide primer to its complementary sequence. 


