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(57) ABSTRACT 

Methods for producing a paired tag from a nucleic acid 
sequence are provided in Which the paired tag comprises the 
5‘ end tag and 3‘ end tag of the nucleic acid sequence. In one 
embodiment, the nucleic acid sequence comprises tWo 
restriction endonuclease recognition sites speci?c for a 
restriction endonuclease that cleaves the nucleic acid 
sequence distally to the restriction endonuclease recognition 
sites. In another embodiment, the nucleic acid sequence 
further comprises restriction endonuclease recognition sites 
speci?c for a rare cutting restriction endonuclease. Methods 
of using paired tags are also provided. In one embodiment, 
paired tags are used to characterize a nucleic acid sequence. 
In a particular embodiment, the nucleic acid sequence is a 
genome. In one embodiment, the characterization of a 
nucleic acid sequence is karyotyping. Alternatively, in 
another embodiment, the characterization of a nucleic acid 
sequence is mapping of the sequence. In a further embodi 
ment, a method is provided for identifying nucleic acid 
sequences that encode at least tWo interacting proteins. 
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FIG. 5 
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/ Ascl linker 
Add linker, cut with A'scl - f‘“ "'NN (SEQ ID N01 5) 

Catenatetags. clone Hi copy ' (SEQ ID NO: 6) 

AsiSi site is 8 bp. Mmel is 5 bp. Tags are 20 bp. Ascl linker is 8bp. Total of each di-tag is 66 bases (9 per read). 

<— 

pBT Lox linker: Lox71 —-AslSI--—-Mmel-~——bail 
01 or RNAP-ATA'ACT‘TCG'TAT'AAT'GTA'TGC'TAT‘ACG‘AAC'GGT'AGC'GAT'CGC'TCC'AAC-N2O ESEQ ID NO} 7; 

lle Thr Ser Tyr Asn Val Cys Tyr Thr Asn Gly Ser Asp Arg Ser Asn SEQ ID N01-18 
(reading frame 1 is OK; frames 2 8t 3 have stop oodons) 

——-> 

pTRG Lox linker: LoxGCe —-AslSl——Mmel—-prey 
C1 or RNAP-ATA'ACT‘TCG'TAT‘AGC'ATA'CATTAT ACG‘AAC'GGT'AGC'GAT‘CGC‘TCC'AAC-NZO gSEQ ID N02 9 

Tyr Arg Ser Tyr Ser lle His Tyr Thr Asn Gly Ser Asp Arg Ser Asn SEQ ID NO: 1. 
(reading frame 1 is OK: frames 2 8. 3 have stop oodons) 

5) 



Patent Application Publication Feb. 2, 2006 Sheet 6 0f 15 US 2006/0024681 A1 

<w .UE 

A? H02 9 ammv 
ESE: OOH/6005b + $62: 882mm o?m 

a MUHQMGH 0M“ OHMAN 

“88> 69m EwBm 0328 2 noumommv UQmm 

{Fifi hubaw N 2a ucmm H as comm 

A: Hoz B 32 



Patent Application Publication Feb. 2, 2006 Sheet 7 0f 15 US 2006/0024681 A1 

mm .UHm 

3“ "02 OH QmmV 2225.222 “9E3 ?muonwwww 233 23923 2 

0 

Hmamm H E2 HQEEH%MMQ 

EH32"; H22 5? 23922“. 





Patent Application Publication Feb. 2, 2006 Sheet 9 0f 15 US 2006/0024681 A1 

a." 

Gm .UHm 

UUMGQUMUGOU 
mmaéeuwwmmu 800858563 

8.0. "02 DH 32 mwaémwouhuwuuow 8483063 

/ 



Patent Application Publication Feb. 2, 2006 Sheet 10 0f 15 US 2006/0024681 A1 

Distally cleaving Distally cleaving 
restriction restriction 
recognition site recognition site 

Contiguous nucleic acid sequence 

Restriction digestion with 
distally cleaving 
restriction endonuclease 
and puri?cation 

— 

lllllll_ —lllllll 

5‘ tag _ 3' tag 

Ligation 

llllllll_llllllll Paired tag 

T T 
5' tag 3' tag 

FIG. 7 



Patent Application Publication Feb. 2, 2006 Sheet 11 0f 15 US 2006/0024681 A1 

Distally cleaving Distally cleaving 
restriction ‘ restriction 

recognition site recognition site 

girt?strggnsgite Contiguous nucleic acid sequence :lzzéz‘ggngte 
A 

l f - \ l 

rare cutting restriction 
Restriction digest with 

endonuclease 

7/lllllll_illlllVA 

l lntramolecular ligation 

distally cleaving 
Restriction digestion with 

restriction endonuclease 

i 
5’ tag 3' tag 

FIG. 8 



Patent Application Publication Feb. 2, 2006 Sheet 12 0f 15 US 2006/0024681 A1 

1 1/ 
// 

i go! pumy augments; heal; "gate capping Enter 
_2___ 1 1/ 2 

+ 7/ 

3 Clmufadze with a?lnily 

E ollgonuc 1 having complementaay 
ends 

1 

:33, saw an: shearto mm 
CB) size; {we universal primer; p! 

4 4 l Pam’; 

dons! am??cwonon beadlnboths 

FIG. 9 



Patent Application Publication Feb. 2, 2006 Sheet 13 0f 15 

FIG. 10 

US 2006/0024681 A1 

geipun'ty fragments; heai; 
iigate capping .t'nker 

- 2 

Circuiarize with at?nity 
tagged oiigonucieotide 
havirg cornpiarnentaiy 
ends 

BaiBi treat to remove 
uncircuiah'zeci tag sequence; 
shear to defined size; heai; 
iigate capping ?rmer‘ At?'nity 
puri?r fragments with tagged 
oiigo; 

Circuiarize with 
inversion oiigo haying 
cormiernentary ends 
and two PCR primer 
sequences; BaBi treat 
to remove iinear 
moiecuies 

cieave with i-S‘cei 



Patent Application Publication Feb. 2, 2006 Sheet 14 0f 15 US 2006/0024681 A1 

A B 

.f\. 
u Af?mty tag 

FIG. 11 



Patent Application Publication Feb. 2, 2006 Sheet 15 0f 15 US 2006/0024681 Al 

N. cIonaI aww??ca?'on on Dead In one on'entatbn 

FIG. 12 



US 2006/0024681 A1 

METHODS FOR PRODUCING A PAIRED TAG 
FROM A NUCLEIC ACID SEQUENCE AND 

METHODS OF USE THEREOF 

RELATED APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/516,080, ?led Oct. 31, 2003. 

[0002] The entire teachings of the above application are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] Whole genome shotgun sequencing, assembly and 
?nishing is typically the strategy of choice for microbial and 
fungal genome sequencing. The cost-advantages and sim 
plicity of the Whole genome approach relative to a BAC 
based or hybrid sequencing strategy argue strongly for its 
continued development and application in future sequencing 
projects. HoWever, a major problem With the BAC-based 
approaches is the high cost and operational burden associ 
ated With the production of 15,000-25,000 individual BAC 
subclone libraries, the 15-20% Waste associated With re 
sequencing the vector, as Well as the unavoidable E. coli 
contamination, the need to deal With transposon and bacte 
riophage insertions, and the 20-50% Waste in redundant 
sequencing of BAC overlaps. Although these costs can be 
reduced by sequencing the BACs at loW coverage (using a 
hybrid BAC/WGS strategy, for example) or by using a 
pooling strategy, they cannot be eliminated. The need to 
generate a physical map by using restriction digest ?nger 
printing or by complex pooling and sequence based mapping 
strategies adds additional cost and operational overhead. 

[0004] Thus, a need exists for more cost-ef?cient sequenc 
ing methods and for better methods of generating a reliable 
sequence-derived scaffold that can support the accurate 
selection of clones to ?nish any desired region of the 
genome With reduced operational burden, increased ef? 
ciency, elimination of problems associated With transposon 
and bacteriophage insertions and reduction in Wasted time, 
effort and expense spent in redundant sequencing. Addition 
ally, a need exists to provide a reliable and efficient method 
that facilitates Whole genome assembly and/or karyotying of 
a genome, and Which enables the reliable and ef?cient 
detection of sequence inversion in a genome. 

[0005] Current bacterial and yeast tWo-hybrid screening 
methods are useful to discover the identity of tWo interacting 
proteins. HoWever, these methods suffer from the need for 
large numbers of transformations to be performed: one for 
each bait to be analyZed against one or more prey molecule. 
Although some methods have been developed to permit 
pools of ten to one hundred baits to be screened in parallel, 
these methods require additional handling steps to decon 
volute the identities of the individual baits. Therefore, these 
methods only incrementally increase the ef?ciency of con 
ventional tWo-hybrid systems. 

[0006] Thus, a need exists for a method to increase the 
ef?ciency of tWo-hybrid systems for the identi?cation of tWo 
interacting proteins. 
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SUMMARY OF THE INVENTION 

[0007] The present invention provides a method for pro 
ducing a paired tag from a nucleic acid sequence (also 
referred to herein as a nucleotide sequence), Wherein at least 
one restriction endonuclease recognition site is present at the 
5‘ and 3‘ end of the nucleic acid sequence and upon cleavage 
results in production a paired tag. In one embodiment the 
present invention provides a method for producing a paired 
tag from a nucleic acid sequence, Wherein tWo restriction 
endonuclease recognition sites speci?c for a restriction 
endonuclease that cleaves the nucleic acid sequence frag 
ment distally to the restriction endonuclease recognition site 
are present at the 5‘ and 3‘ ends of the nucleic acid sequence, 
thereby producing a 5‘ tag and a 3‘ tag (a paired tag) from the 
nucleic acid sequence upon cleavage by the restriction 
endonuclease. 

[0008] In another embodiment the present invention pro 
vides a method for producing a paired tag from a nucleic 
acid sequence, Wherein the nucleic acid sequence comprises 
one restriction endonuclease recognition site speci?c for a 
restriction endonuclease that cleaves the nucleic acid 
sequence on both sides of the recognition site. 

[0009] In addition, the present invention provides a 
method for producing a paired tag from a nucleic acid 
sequence, Wherein the nucleic acid sequence comprises tWo 
restriction endonuclease recognition sites speci?c for a 
restriction endonuclease that cleaves the nucleic acid 
sequence between the tWo recognition sites. 

[0010] The present invention also provides a method for 
producing a paired tag from a nucleic acid sequence, 
Wherein the nucleic acid sequence comprises at least one 
linker, the at least one linker is joined to the 5‘ and 3‘ ends 
of the nucleic acid sequence, Wherein producing a fragment 
on either or both sides of the linker produces a paired tag 
from the nucleic acid sequence. 

[0011] The present invention also provides a method for 
producing a paired tag from a nucleic acid sequence, 
Wherein the nucleic acid sequence comprises at least one 
recombination site, Wherein a recombination event at this 
recombination site in the nucleic acid sequence produces a 
paired tag from the nucleic acid sequence. 

[0012] Furthermore, the present invention provides meth 
ods of using a paired tag to characteriZe a sequence and 
identify nucleic acid sequences that encode at least tWo 
interacting proteins. 
[0013] In one embodiment, the invention is directed to a 
method for producing a paired tag from a nucleic acid 
sequence, Wherein the nucleic acid sequence comprises tWo 
restriction endonuclease recognition sites speci?c for a 
restriction endonuclease that cleaves the nucleic acid 
sequence distally to the restriction endonuclease recognition 
site, comprising the steps of cleaving the restriction endo 
nuclease recognition sites using the restriction endonuclease 
that is speci?c for the restriction endonuclease recognition 
sites, thereby producing a 5‘ end tag and a 3‘ end tag from 
the nucleic acid sequence and joining the 5‘ end tag With the 
3‘ end tag from the nucleic acid sequence, thereby producing 
a paired tag from the nucleic acid sequence. In a particular 
embodiment, the nucleic acid sequence further comprises at 
least tWo restriction endonuclease recognition sites speci?c 
for a rare cutting restriction endonuclease. 
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[0014] In another embodiment of the invention, a method 
is provided for characterizing a nucleic acid sequence com 
prising the steps of a) fragmenting a nucleic acid sequence 
thereby producing a plurality of nucleic acid sequence 
fragments having a 5‘ end and a 3‘ end, b) introducing into 
the 5‘ end and into the 3‘ end of each nucleic acid sequence 
fragment, a restriction endonuclease recognition site 
speci?c for a restriction endonuclease that cleaves the 
nucleic acid sequence fragment distally to the restriction 
endonuclease recognition site, and (ii) a restriction endonu 
clease recognition site speci?c for a rare cutting restriction 
endonuclease, thereby producing modi?ed nucleic acid 
sequence fragments, c) cleaving the restriction endonuclease 
recognition site speci?c for a rare cutting restriction endo 
nuclease in each modi?ed nucleic acid sequence fragment 
With the rare cutting restriction endonuclease, thereby pro 
ducing a plurality of nucleic acid sequence fragments having 
compatible ends, d) maintaining the fragments having com 
patible ends under conditions in Which the compatible ends 
intramolecularly ligate, thereby producing a plurality of 
circulariZed nucleic acid sequences comprising tWo restric 
tion endonuclease recognition sites speci?c for restriction 
endonucleases that cleave the nucleic acid sequence frag 
ment distally to the restriction endonuclease recognition 
sites, e) cleaving the circulariZed nucleic acid sequences at 
the restriction endonuclease recognition sites With the 
restriction endonucleases speci?c for the restriction endo 
nuclease recognition sites, thereby producing a plurality of 
paired tags comprising a 5‘ end tag and a 3‘ end tag of the 
nucleic acid sequence fragment, and f) characteriZing the 
paired tags, thereby characteriZing the nucleic acid 
sequence. In one embodiment, the nucleic acid sequence is 
a genome. In a further embodiment, the method karyotypes 
the genome. 

[0015] The invention also provides in one embodiment, a 
method for characteriZing a nucleic acid sequence compris 
ing the steps of a) fragmenting a nucleic acid sequence 
thereby producing a plurality of nucleic acid sequence 
fragments having a 5‘ end and a 3‘ end, b) introducing into 
the 5‘ end and into the 3‘ end of each nucleic acid sequence 
fragment a restriction endonuclease recognition site speci?c 
for a restriction endonuclease that cleaves the nucleic acid 
sequence fragment distally to the restriction endonuclease 
recognition site, thereby producing a plurality of modi?ed 
nucleic acid sequence fragments, c) cloning the modi?ed 
nucleic acid sequence fragments, thereby producing cloned 
nucleic acid sequence fragments, d) cleaving the restriction 
endonuclease recognition sites at the 5‘ end and the 3‘ end of 
the cloned nucleic acid sequence fragments using the restric 
tion endonuclease that is speci?c for the restriction endo 
nuclease recognition sites, thereby producing a 5‘ end tag 
and a 3‘ end tag of each cloned nucleic acid sequence 
fragment, e) joining the 5‘ end tag to the 3‘ end tag of each 
cloned nucleic acid sequence fragment thereby producing a 
plurality of paired tags; and f) characteriZing the paired tags, 
thereby characteriZing the nucleic acid sequence. 

[0016] In another aspect of the invention, provided herein 
is a method for characteriZing a nucleic acid sequence 
comprising the steps of a) fragmenting a nucleic acid 
sequence thereby producing a plurality of nucleic acid 
sequence fragments having a 5‘ end and a 3‘ end, b) cloning 
each nucleic acid sequence fragment, Wherein a restriction 
endonuclease recognition site speci?c for a restriction endo 
nuclease that cleaves the nucleic acid sequence fragment 
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distally to the restriction endonuclease recognition site is 
introduced into the 5‘ end and into the 3‘ end of each cloned 
nucleic acid sequence fragment, thereby producing a plu 
rality of cloned nucleic acid sequence fragments, c) cleaving 
the restriction endonuclease recognition sites at the 5‘ end 
and the 3‘ end of each cloned nucleic acid sequence fragment 
using the restriction endonuclease that is speci?c for the 
restriction endonuclease recognition sites, thereby produc 
ing a 5‘ end tag and a 3‘ end tag of the cloned nucleic acid 
sequence fragments, d) joining the 5‘ end tag to the 3‘ end tag 
of each cloned nucleic acid sequence fragment thereby 
producing a plurality of paired tags, and e) characteriZing the 
paired tags, thereby characteriZing the nucleic acid 
sequence. 

[0017] In one embodiment of the invention, provided 
herein is a method for producing a paired tag from a ?rst 
nucleic acid sequence fragment, Without cloning, compris 
ing the steps of joining the 5‘ and 3‘ ends of a nucleic acid 
sequence fragment via a linker such that the linker is located 
betWeen the 5‘ end and the 3‘ end of the ?rst nucleic acid 
sequence fragment in a circular nucleic acid molecule, b) 
cleaving the circular nucleic acid molecule, thereby produc 
ing a paired tag Wherein a S‘end tag of the ?rst nucleic acid 
sequence fragment is joined to a 3‘ end tag of the ?rst nucleic 
acid sequence fragment via the linker. In one embodiment, 
the linker comprises at least tWo restriction endonuclease 
recognition sites speci?c for a restriction endonuclease that 
cleaves the nucleic acid sequence fragment distally to the 
restriction endonuclease recognition site, and the circular 
nucleic acid molecule is cleaved With a restriction endonu 
clease that cleaves the nucleic acid sequence fragment 
distally to the restriction endonuclease recognition site to 
thereby producing the paired tag. In a further embodiment, 
the restriction endonuclease recognition sites are immedi 
ately adjacent to the ends of the ?rst nucleic acid sequence 
fragment. 
[0018] In a further embodiment of the invention, provided 
herein is a method for producing a paired tag from a ?rst 
nucleic acid sequence fragment, Without cloning, compris 
ing the steps of a) joining the 5‘ and 3‘ends of a ?rst nucleic 
acid sequence fragment to at least one adapter, b) cleaving 
the adapter(s), thereby producing a second nucleic acid 
sequence fragment With compatible ends, c) circulariZing 
the second nucleic acid sequence fragment such that a S‘end 
of the ?rst nucleic acid sequence fragment is joined to a 3‘ 
end of the ?rst nucleic acid sequence fragment via a linker 
derived from the adapter(s), thereby producing a circular 
nucleic acid molecule, and cleaving the circular nucleic acid 
molecule, thereby producing a paired tag Wherein a S‘end tag 
of the ?rst nucleic acid sequence fragment is joined to a 3‘ 
end tag of the ?rst nucleic acid sequence fragment via the 
linker. In a particular embodiment, the adapter comprises at 
least tWo restriction endonuclease recognition sites speci?c 
for a restriction endonuclease that cleaves the nucleic acid 
sequence fragment distally to the restriction endonuclease 
recognition site, the adapter comprises a restriction endo 
nuclease recognition site speci?c for a rare cutting restric 
tion endonuclease, cleaving the adapter joined to the nucleic 
acid sequence fragment With a rare cutting restriction endo 
nuclease to produce the compatible ends, and cleaving the 
circular nucleic acid molecule With a restriction endonu 
clease that cleaves distally to the restriction endonuclease 
recognition site. In a further embodiment, the restriction 
endonuclease recognition sites speci?c for a restriction 
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endonuclease that cleaves the nucleic acid sequence frag 
ment distally to the restriction endonuclease recognition site 
are immediately adjacent to the 5‘ and 3‘ ends of the nucleic 
acid sequence fragment. 

[0019] In another embodiment, provided herein is a 
method for producing a paired tag from a ?rst nucleic acid 
sequence fragment, Without cloning, comprising the steps of 
a) joining the 5‘ and 3‘ ends of a ?rst nucleic acid sequence 
fragment via a ?rst linker such that the ?rst linker is located 
betWeen the 5‘ end and the 3‘ end of the ?rst nucleic acid 
sequence fragment in a ?rst circular nucleic acid molecule, 
b) cleaving the ?rst circular nucleic acid molecule, thereby 
producing a second nucleic acid sequence fragment Wherein 
a S‘end tag of the ?rst nucleic acid sequence fragment is 
joined to a 3‘ end tag of the ?rst nucleic acid sequence 
fragment via the ?rst linker, c) joining a second linker to the 
5‘ and 3‘ ends of the second nucleic acid sequence fragment, 
and d) amplifying the second nucleic acid fragment using an 
oligonucleotide complementary to a sequence present in the 
second linker. 

[0020] In a further embodiment of the invention, provided 
herein is a method for producing a paired tag from a ?rst 
nucleic acid sequence fragment, Without cloning, compris 
ing the steps of a) joining the 5‘ and 3‘ ends of a ?rst nucleic 
acid sequence fragment via a ?rst linker such that the ?rst 
linker is located betWeen the 5‘ end and the 3‘ end of the ?rst 
nucleic acid sequence fragment in a ?rst circular nucleic 
acid molecule, b) cleaving the ?rst circular nucleic acid 
molecule, thereby producing a second nucleic acid sequence 
fragment Wherein a S‘end tag of the ?rst nucleic acid 
sequence fragment is joined to a 3‘ end tag of the ?rst nucleic 
acid sequence fragment via the ?rst linker, c) joining the 5‘ 
and 3‘ ends of a second nucleic acid sequence fragment via 
a second linker such that the second linker is located 
betWeen the 5‘ end and the 3‘ end of the ?rst nucleic acid 
sequence fragment in a second circular nucleic acid mol 
ecule, and d) amplifying a nucleic acid sequence fragment 
from the second circular nucleic acid molecule using tWo 
oligonucleotides complementary to sequences present in the 
second linker. In one embodiment, the second linker com 
prises a recognition site for a rare-cutting restriction endo 
nuclease, and the second circular nucleic acid molecule is 
cleaved using a rare-cutting restriction endonuclease that 
recogniZes the site in the second linker. In another embodi 
ment, the ?rst linker comprises at least tWo restriction 
endonuclease recognition sites speci?c for a restriction 
endonuclease that cleaves the nucleic acid sequence frag 
ment distally to the restriction endonuclease recognition site, 
and the ?rst circular nucleic acid molecule is cleaved With a 
restriction endonuclease that cleaves the nucleic acid 
sequence fragment distally to the restriction endonuclease 
recognition site. In a particular embodiment, the restriction 
endonuclease recognition sites speci?c for a restriction 
endonuclease that cleaves the nucleic acid sequence frag 
ment distally to the restriction endonuclease recognition site 
are immediately adjacent to the ends of the ?rst nucleic acid 
sequence fragment. Furthermore, in one embodiment, the 
second nucleic acid fragment is puri?ed prior to ampli?ca 
tion, for eXample by af?nity capture using a reagent speci?c 
for the ?rst linker prior to ampli?cation. In one example, the 
?rst linker comprises a biotin moiety, a sequence capable of 
forming a triple heliX, or a recognition site for a DNA 
binding protein. 
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[0021] In another embodiment of the invention, provided 
herein is a method for characteriZing a nucleic acid sequence 
comprising the steps of a) fragmenting a nucleic acid 
sequence to produce a plurality of nucleic acid sequence 
fragments having a 5‘ end and a 3‘ end, b) joining one or 
more ?rst adapters to the 5‘ and 3‘ ends, Wherein the one or 
more ?rst adapters are compatible for promoting intramo 
lecular ligation, thereby producing a plurality of modi?ed 
nucleic acid sequence fragments, intramolecularly ligating 
the modi?ed nucleic acid sequence fragments thereby pro 
ducing a plurality of circulariZed nucleic acid sequences, 
Wherein the one or more ?rst adapters forms a linker 
betWeen the S‘end and the 3‘end of the circulariZed nucleic 
acid sequence fragment, c) fragmenting the circulariZed 
nucleic acid sequences by random shearing or by other 
means thereby producing linear fragments comprising the 
linker and a paired tag comprising the 5‘ end and a 3‘ end of 
the nucleic acid sequence fragment, d) joining a second 
adapter to each of the 5‘ and 3‘ ends of the linear fragments 
to produce a plurality of linear fragments having the second 
adapter at each 5‘ and 3‘ end, e) amplifying the linear 
fragments using a primer that is complementary to the 
second adapter thereby amplifying the paired tags, and f) 
characteriZing the paired tags, thereby characteriZing the 
nucleic acid sequence. 

[0022] In another aspect of the invention, provided herein 
is a method for characteriZing a nucleic acid sequence 
comprising the steps of a) fragmenting a nucleic acid 
sequence to produce a plurality of nucleic acid sequence 
fragments each having a 5‘ end and a 3‘ end, b) joining one 
or more ?rst adapters to the 5‘ and 3‘ ends, Wherein the one 
or more ?rst adapters are compatible for promoting intramo 
lecular ligation, thereby producing a ?rst plurality of modi 
?ed nucleic acid sequence fragments, intramolecularly ligat 
ing the modi?ed nucleic acid sequence fragments thereby 
producing a ?rst plurality of circulariZed nucleic acid 
sequences, Wherein the one or more ?rst adapters forms a 
?rst linker betWeen the S‘end and the 3‘end of the circular 
iZed nucleic acid sequence fragment, c) fragmenting the 
circulariZed nucleic acid fragments by random shearing or 
by other means thereby producing linear fragments com 
prising the ?rst linker and a paired tag comprising the 5‘ end 
and a 3‘ end of the nucleic acid sequence fragment, d) 
joining a second adapter to each of the 5‘ and 3‘ ends of the 
fragments to produce a second plurality of modi?ed frag 
ments having the second adapter at each 5‘ and 3‘ end, 
Wherein the second adapter at the 5‘ and 3‘ ends are com 
patible for promoting intramolecular ligation, intramolecu 
larly ligating the second plurality of modi?ed nucleic acid 
sequence fragments thereby producing a second plurality of 
circulariZed nucleic acid sequences, Wherein the second 
adapter at each 5‘ and 3‘ end form a second linker located 
betWeen the 5‘ and 3‘ ends of the second plurality of 
circulariZed nucleic acid sequences, and Wherein the second 
linker comprises tWo priming sites, f) amplifying the second 
plurality of circulariZed nucleic acid sequences using tWo 
different primers that are complementary to the priming sites 
in the second linker, thereby amplifying the paired tags, and 
g) characteriZing the paired tags, thereby characteriZing the 
nucleic acid sequence. 

[0023] In an alternative aspect of the invention, provided 
herein is a method for characteriZing a nucleic acid sequence 
comprising the steps of a) fragmenting a nucleic acid 
sequence to produce a plurality of nucleic acid sequence 
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fragments having a 5‘ end and a 3‘ end, b) joining one or 
more ?rst adapters to the 5‘ and 3‘ ends, Wherein the one or 
more ?rst adapters are compatible for promoting intramo 
lecular ligation, thereby producing a ?rst plurality of modi 
?ed nucleic acid sequence fragments, intramolecularly ligat 
ing the ?rst plurality of modi?ed nucleic acid sequence 
fragments thereby producing a ?rst plurality of circulariZed 
nucleic acid sequences, Wherein the one or more ?rst adapt 
ers forms a ?rst linker betWeen the S‘end and the 3‘end of the 
circulariZed nucleic acid sequence fragment, c) fragmenting 
the ?rst plurality of circulariZed nucleic acid sequences by 
random shearing or by other means, thereby producing ?rst 
linear fragments comprising the ?rst linker and a paired tag 
comprising the 5‘ end and a 3‘ end of the nucleic acid 
sequence fragment, d) joining one or more second adapters 
to the each of the 5‘ and 3‘ ends of the ?rst linear fragments, 
Wherein the one or more second adapters are compatible for 
promoting intramolecular ligation, thereby producing a sec 
ond plurality of modi?ed nucleic acid sequence fragments, 
and intramolecularly ligating the second plurality of modi 
?ed nucleic acid sequence fragments to produce a second 
plurality of circulariZed nucleic acid sequences, Wherein the 
on or more second adapters form a second linker betWeen 
the S‘end and the 3‘end of the second circulariZed nucleic 
acid sequence fragments, and Wherein the second linker 
comprises tWo priming sites separated by a rare-cutting 
restriction endonuclease cleavage site, f) cleaving the sec 
ond plurality of circulariZed nucleic acid sequences using a 
rare-cutting restriction endonuclease that recogniZes the 
cleavage site in the second linker, thereby producing a 
second plurality of linear fragments g) amplifying the sec 
ond plurality of linear fragments using tWo different primers 
that are complementary to the priming sites in the second 
linker, and h) characteriZing the paired tags, thereby char 
acteriZing the nucleic acid sequence. 

[0024] In another aspect of the invention, provided herein 
is a method for characteriZing a nucleic acid sequence 
comprising the steps of a) fragmenting a nucleic acid 
sequence to produce a plurality of nucleic acid sequence 
fragments having a 5‘ end and a 3‘ end, b) joining one or 
more ?rst adapters to the 5‘ and 3‘ ends, Wherein the one or 
more ?rst adapters are compatible for promoting intramo 
lecular ligation, thereby producing a ?rst plurality of modi 
?ed nucleic acid sequence fragments, intramolecularly ligat 
ing the ?rst plurality of modi?ed nucleic acid sequence 
fragments thereby producing a ?rst plurality of circulariZed 
nucleic acid sequences, Wherein the one or more ?rst adapt 
ers forms a ?rst linker betWeen the S‘end and the 3‘end of the 
circulariZed nucleic acid sequence fragment, and Wherein 
the ?rst linker comprises a sequence or chemical moiety that 
enables isolation or separation (e.g., by affinity capture), c) 
fragmenting the ?rst plurality of circulariZed nucleic acid 
sequences by random shearing or by other means, thereby 
producing linear fragments comprising the ?rst linker and a 
paired tag comprising the 5‘ end and the 3‘ end of the nucleic 
acid sequence fragment, d) purifying the linear fragments by 
af?nity capture, e) joining one or more second adapters to 
the each of the 5‘ and 3‘ ends of the ?rst linear fragments, 
Wherein the one or more second adapters are compatible for 
promoting intramolecular ligation, thereby producing a sec 
ond plurality of modi?ed nucleic acid sequence fragments, 
and intramolecularly ligating the second plurality of modi 
?ed nucleic acid sequence fragments to produce a second 
plurality of circulariZed nucleic acid sequences, Wherein the 
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one or more second adapters form a second linker betWeen 
the S‘end and the 3‘end of the second circulariZed nucleic 
acid sequence fragments, and Wherein the second linker 
comprises tWo priming sites, f) amplifying the nucleic acid 
sequence fragments using tWo different primers that are 
complementary to the priming sites in the second linker, and 
g) characteriZing the paired tags, thereby characteriZing the 
nucleic acid sequence. 

[0025] In one embodiment, provided herein is a compo 
sition comprising nucleic acid sequence elements arranged 
in the folloWing order: 

[0026] linker 1--5‘end tag--linker 2--3‘end tag--linker 3 

Wherein the S‘end tag and the 3‘end tag comprise a paired 
tag derived from a single contiguous nucleic acid 
sequence fragment. In a particular embodiment, linker 
2 comprises at least tWo restriction endonuclease rec 
ognition sites speci?c for a restriction endonuclease 
that cleaves the nucleic acid sequence fragment distally 
to the restriction endonuclease recognition site, and is 
oriented in such a Way that one of the sites directs 
cleavage Within the 5 ‘end tag or at the junction of linker 
1 and the S‘end tag, and the other site directs cleavage 
Within the 3‘ end tag or at the junction of linker 3 and 
the 3‘end tag. In another embodiment, the linker 2 
comprises at least tWo restriction endonuclease recog 
nition sites speci?c for a restriction endonuclease that 
cleaves the nucleic acid sequence fragment distally to 
the restriction endonuclease recognition site, and is 
oriented in such a Way that one of the sites directs 
cleavage Within the 5 ‘end tag or at the junction of linker 
1 and the S‘end tag, and the other site directs cleavage 
Within the 3‘ end tag or at the junction of linker 3 and 
the 3‘end tag, and at least one recognition site for a 
rare-cutting restriction endonuclease located betWeen 
the tWo restriction endonuclease recognition sites spe 
ci?c for a restriction endonuclease that cleaves the 
nucleic acid sequence fragment distally to the restric 
tion endonuclease recognition site. In one eXample, 
linker 1 and linker 3 are the same sequence in reverse 
orientation. In a further embodiment, oligonucleotides 
complementary to sequences present in linker 1 and 
linker 3 are used for ampli?cation. In another eXample, 
linker 1 and linker 3 are derived by cleavage of a 
circular nucleic acid molecule With a rare-cutting 
restriction endonuclease comprising a recognition site 
betWeen linker 1 and linker 3. 

[0027] In a further embodiment of the invention, provided 
herein is a composition comprising a circular nucleic acid 
molecule, Wherein sequence elements are arranged in the 
folloWing circular order: 

linker 1 3' end tag 

5' end tag—linker 2 

Wherein the 5 ‘end tag and the 3‘end tag comprise a paired tag 
derived from a single contiguous nucleic acid sequence 
fragment. In one embodiment, linker 1 comprises at least 
tWo restriction endonuclease recognition sites speci?c for a 






































































































