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METHODS AND COMPOSITIONS FOR 
LARGE-SCALEANALYSIS OF NUCLEC 

ACDS USING DNA DELETIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to provisional appli 
cation Ser. No. 60/864,992, filed Nov. 9, 2006, which is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 Large-scale sequence analysis of genomic DNA is 
central to understanding a wide range of biological phenom 
ena related to states of health and disease both in humans and 
in many economically important plants and animals, e.g., 
Collins et al (2003), Nature, 422: 835-847: Service, Science, 
311: 1544-1546 (2006); Hirschhorn et al (2005), Nature 
Reviews Genetics, 6: 95-108; National Cancer Institute, 
Report of Working Group on Biomedical Technology, “Rec 
ommendation for a Human Cancer Genome Project. (Feb 
ruary, 2005); Tringeetal (2005), Nature Reviews Genetics, 6: 
805-814. The need for low-cost high-throughput sequencing 
and re-sequencing has led to the development of several new 
approaches that employ parallel analysis of many target DNA 
fragments simultaneously, e.g., Use of water/buffer-in-oil 
emulsions to carry out enzymatic reactions is well known in 
the art, particularly carrying out PCRs, e.g., as disclosed by 
Drmanac et al., ScientaYugoslavica, 16(1-2): 97-107 (1990), 
Margulies etal, Nature, 437:376-380 (2005); Margulies etal, 
Nature, 437:376-380 (2005); Shendure etal (2005), Science, 
309: 1728-1732; Metzker (2005), Genome Research, 15: 
1767-1776: Shendure etal (2004), Nature Reviews Genetics, 
5:335-344; Lapidus et al., U.S. patent publication US 2006/ 
0024711; Drmanac et al., U.S. patent publication US 2005/ 
0191656: Brenner et al, Nature Biotechnology, 18: 630-634 
(2000); and the like. 
0003. Such approaches reflect a variety of solutions for 
increasing target polynucleotide density in planar arrays and 
for obtaining increasing amounts of sequence information 
from each application of a sequence detection reaction. 
0004 Most traditional methods of sequence analysis are 
restricted to determining a few tens of nucleotides before 
signals become significantly degraded, thus placing a signifi 
cant limit on overall sequencing efficiency. Such short 
sequence reads are particularly problematic in regions of a 
target sequence which contain long strings of repeating 
nucleotides or tandem repeats. 
0005. In view of such limitations, it would be advanta 
geous for the field if methods and tools could be designed to 
increase the efficiency of sequencing reactions as well as the 
efficiency of assembling complete sequences from shorter 
read lengths. 

SUMMARY OF THE INVENTION 

0006. In one aspect, the invention provides a method for 
forming a polynucleotide that includes a deletion mate pair. 
This method includes the step of providing a first linear con 
struct, which includes a first adaptor interposed between a 
first target polynucleotide fragment and a second target poly 
nucleotide fragment. The first target polynucleotide fragment 
and the second target polynucleotide fragment are contiguous 
nucleic acids within a target polynucleotide. In a further step, 
a deletion adaptor is ligated to the first linear construct to form 
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a second linear construct. This deletion adaptor includes a 
recognition site for a restriction endonuclease, and the restric 
tion endonuclease in the deletion adaptor cleaves at a known 
distance from its recognition site. The restriction endonu 
clease is applied to cleave the second linear construct to form 
a third linear construct, thus forming the polynucleotide that 
includes a deletion mate pair. 
0007. In another aspect, the invention provides a method 
for forming a circular polynucleotide that includes a deletion 
mate pair. This method includes the step of providing a first 
circular construct. The first circular construct includes a first 
adaptor and a target polynucleotide. The first adaptor includes 
a recognition site for a first restriction endonuclease that 
cleaves at a known distance from the recognition site and a 
recognition site for a second restriction endonuclease that 
cleaves within the first adaptor. The first restriction endonu 
clease is used to cleave the first circular construct to form a 
first linear construct. The first linear construct is in turn 
cleaved with the second restriction endonuclease to form a 
second linear construct. The second linear construct is then 
circularized to create a second circular construct, thus form 
ing the circular polynucleotide that includes a deletion mate 
pair. 
0008. In yet another aspect, the invention provides a 
method for forming a polynucleotide that includes a deletion 
mate pair. This method includes the step of providing a first 
linear construct. This first linear construct includes a target 
polynucleotide and an adaptor, and in addition, a first adaptor 
is attached to one end of the polynucleotide. A deletion adap 
tor is ligated to the end of the first linear construct opposite the 
first adaptor, and the deletion adaptor includes a recognition 
site for a restriction endonuclease that cleaves at a known 
distance from the recognition site. The restriction endonu 
clease is applied to cleave the first the first linear construct to 
form a second linear construct, thus forming the polynucle 
otide that includes a deletion mate pair. 
0009. In still another aspect, the invention provides a 
method for forming a polynucleotide that includes a deletion 
mate pair. This method includes the step of providing a first 
linear construct which includes a target polynucleotide. A 
deletion adaptor is ligated to one end of the first linear con 
struct, and the deletion adaptor includes a recognition site for 
a restriction endonuclease that cleaves at a known distance 
from the recognition site. The first linear construct is cleaved 
with the restriction endonuclease to form a second linear 
construct, thus forming the polynucleotide that includes a 
deletion mate pair. 
0010. In another aspect, the invention provides a method 
for forming a polynucleotide that includes a deletion mate 
pair. This method includes the step of providing a first linear 
construct that includes a target polynucleotide. A deletion 
adaptor is ligated to one end of the linear construct, and this 
deletion adaptor comprises a recognition site for a restriction 
endonuclease that cleaves at a known distance from the rec 
ognition site. The first linear construct is cleaved the restric 
tion endonuclease to form a second linear construct, thus 
forming the polynucleotide that includes a deletion mate pair. 
0011. In still another aspect, the invention provides a 
method for forming a polynucleotide that includes a deletion 
mate pair. The method includes the step of providing a first 
circular construct. The first circular construct includes a first 
adaptor and a target polynucleotide, and the first adaptor 
includes a recognition site for a first restriction endonuclease 
that cleaves at a known distance from the recognition site. The 
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first circular construct is then cleaved with the first restriction 
endonuclease to form a first linear construct. In a further step, 
a second adaptor is provided, and the second adaptor includes 
a recognition site for a second restriction endonuclease that 
cleaves at a known distance from the recognition site. The 
second adaptor is ligated to one end of the first linear con 
struct to create a second linear construct, the second linear 
construct is then circularized to form a second circular con 
struct, thus forming the polynucleotide that includes a dele 
tion mate pair. 
0012. In one aspect of the invention, precise mate pair 
deletion constructs comprise a deletion of a specific length 
(e.g., about 10-100 or more bases) or a series of deletions of 
known length multiples, e.g., a set of constructs comprising 
constructs with a known 10 nt deletion constructs with a 
known 20 nt deletion, constructs with a known 30 nt deletion. 
Such precise mate pair deletion constructs can be used to 
extend read lengths, by cleaving circularized target nucle 
otides, deleting a known number of bases at the cleavage site, 
identifying bases on each side of the deletion, and analyzing 
the combined data of the precise mate pair constructs to form 
an indirectly extended read length comprising of both directly 
determined and deleted bases. 
0013 In another aspect of the invention, sequencing reac 
tions using precise deletion mate pair constructs and conven 
tional mate pair constructs are utilized. Preferably, the 
sequencing reads of the combined nucleotides will span the 
length of the known deletion in any of the deletion mate pair 
COnStructS. 

0014. In one aspect of the invention, a library of constructs 
are prepared, wherein the library comprises staggered restric 
tion fragments, with each fragment comprising a defined 
deletion on one or both sides of the fragment. Sequencing 
reads from these libraries provide longer combined read 
lengths than the use of the fragments alone. These library 
constructs may comprise both precise deletion mate pairs 
and/or traditional mate pairs. 
0015. In one aspect, the invention provides a method for 
analyzing a polynucleotide sequence. This method includes 
providing a deletion mate pair construct. In a preferred aspect, 
the deletion mate pair construct includes the following: (i) a 
first adaptor, (ii) a second adaptor, (iii) a first target sequence, 
and (iv) a second target sequence. The first target sequence 
and the second target sequence span a portion of the poly 
nucleotide sequence. The method includes the step of identi 
fying at least one nucleotide of the first target sequence and at 
least one nucleotide of the second target sequence, thereby 
analyzing the polynucleotide sequence. 
0016. In one aspect, the invention provides a method for 
forming a library of a plurality of circularized deletion mate 
pair constructs. This method includes ligating a deletion 
adaptor to each of a plurality of first linear constructs. The 
deletion adaptor includes a recognition site for a restriction 
endonuclease that cleaves at a known distance from the rec 
ognition site. At least a portion of the plurality of first linear 
constructs is cleaved with the restriction endonuclease to 
provide a plurality of second linear constructs. At least a 
portion of the plurality of the second linear constructs is 
circularized, thus forming the library of circularized deletion 
mate pair constructs. 
0017. In one aspect, the invention provides a method for 
forming a random array. In this method, a Support with a 
Surface is provided, as is a plurality of deletion mate pair 
constructs. The plurality of deletion mate pair constructs is 
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immobilized on the surface, thereby forming the random 
array. In a further aspect the invention provides random arrays 
made according to this method. 
0018. In another aspect, the invention provides a library 
that includes a plurality of deletion mate pair constructs. The 
plurality of deletion mate pair constructs include target 
sequences, and the target sequences together representat least 
about 80% of a genome. 
0019. In another aspect, the invention provides a library 
that includes a plurality of circularized deletion mate pair 
constructs. The plurality of deletion mate pair constructs 
includes target sequences, and the target sequences represent 
at least about 80% of a genome. In a preferred aspect, each of 
the plurality of circularized deletion mate pair constructs 
includes a first adaptor, a first target sequence, and a second 
target sequence. In this aspect, the first target sequence and 
the second target sequence are separated by a known number 
of bases within the genome. 
0020. In one aspect, the invention provides a substrate that 
includes a plurality of immobilized concatemers. In this 
aspect, each unit of the concatemer includes a deletion mate 
pair construct, and the deletion mate pair construct includes a 
first target sequence and a second target sequence. In addi 
tion, the first target sequence and the second target sequence 
are derived from a target polynucleotide; the first target 
sequence and the second target sequence are separated by a 
known distance within the target polynucleotide. 
0021. In one aspect, the invention provides an amplicon 
made by amplification of a circular library construct. The 
circular library construct includes target nucleic acid inter 
spersed with a plurality of adaptors, and at least two sets of the 
adaptors are positioned on either side of a target polynucle 
otide of known length. 
0022. In another aspect, the invention provides a plurality 
of amplicons of circular library constructs. Each amplicon 
includes target nucleic acid interspersed with a plurality of 
adaptors, and at least two sets of the adaptors are positioned 
on either side of a target polynucleotide of known length. 
0023. In one aspect, the invention provides a kit for select 
ing for desired orientations of multiple adaptors in library 
constructs. The kit includes the following elements: (a) a first 
double-stranded adaptor, which includes a recognition site 
for a first Type IIs restriction endonuclease; a second double 
Stranded adaptor, which includes a restriction site for a second 
Type IIs restriction endonuclease; and (c) primers comple 
mentary to both ends of each of the first and second double 
Stranded adaptors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 illustrates a method of circularization using 
an adaptor. 
0025 FIG. 2 illustrates the general concept of precise 
deletion mate pair formation. 
0026 FIG. 3 illustrates the use of mate pair deletions for 
determining repeats within a target nucleotide. 
0027 FIG. 4 illustrates a general method for creating dele 
tion mate pair constructs. 
0028 FIG. 5 illustrates one method for creating a circu 
larized deletion mate pair construct. 
0029 FIG. 6 illustrates one method using multiple dele 
tion cycles to form the circular deletion mate pair construct. 
0030 FIG. 7 illustrates another method to form multiple 
deletion mate pair constructs. 
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0031 FIG. 8 illustrates another method to form multiple 
circular deletion mate pair constructs. 
0032 FIG. 9 illustrates yet another method to form mul 

tiple deletion mate pair constructs. 
0033 FIG. 10 illustrates one method using deletion cycles 
to form the circular deletion mate pair construct 
0034 FIG. 11 illustrates the use of an adaptor with two 
exact cutting sites used method to form circular deletion mate 
pair constructs. 
0035 FIG. 12 illustrates another method to form multiple 
circular deletion mate pair constructs. 
0036 FIG. 13 illustrates a method of creating a construct 
comprising shorter target sequences. 
0037 FIGS. 14 and 15 illustrate one aspect of the embodi 
ments for creating concatemers for use in the invention. 
0038 FIG. 16 illustrates a method for creating an array 
comprising amplicons of the invention. 
0039 FIG. 17 illustrates a top view of placement of con 
catemers onto discrete regions on an array Surface. 
0040 FIG. 18 illustrates the placement of concatemers in 
arrays with distinct regions for attachment. 

DETAILED DESCRIPTION OF THE INVENTION 

0041. The practice of the present invention may employ, 
unless otherwise indicated, conventional techniques and 
descriptions of organic chemistry, polymer technology, 
molecular biology (including recombinant techniques), cell 
biology, biochemistry, and immunology, which are within the 
skill of the art. Such conventional techniques include polymer 
array synthesis, hybridization, ligation, and detection of 
hybridization using a label. Specific illustrations of suitable 
techniques can be had by reference to the example herein 
below. However, other equivalent conventional procedures 
can, of course, also be used. Such conventional techniques 
and descriptions can be found in Standard laboratory manuals 
such as Genome Analysis: A Laboratory Manual Series (Vols. 
I-IV). Using Antibodies: A Laboratory Manual, Cells. A 
Laboratory Manual, PCR Primer: A Laboratory Manual, and 
Molecular Cloning: A Laboratory Manual (all from Cold 
Spring Harbor Laboratory Press), Stryer, L. (1995) Biochem 
istry (4th Ed.) Freeman, New York, Gait, “Oligonucleotide 
Synthesis: A Practical Approach' 1984, IRL Press, London, 
Nelson and Cox (2000), Lehninger, Principles of Biochemis 
try 3rd Ed., W.H. Freeman Pub., New York, N.Y. and Berget 
al. (2002) Biochemistry, 5" Ed., W.H. Freeman Pub., New 
York, N.Y., all of which are herein incorporated in their 
entirety by reference for all purposes. 
0.042 Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. All patents, patent publications and other 
publications mentioned herein are incorporated herein by 
reference for the purpose of describing and disclosing 
devices, formulations and methodologies which are 
described in the publication and which might be used in 
connection with the presently described invention. 
0043. Where a range of values is provided, it is understood 
that each intervening value, between the upper and lower 
limit of that range and any other stated or intervening value in 
that stated range is encompassed within the invention. The 
upper and lower limits of these Smaller ranges may indepen 
dently be included in the Smaller ranges, and are also encom 
passed within the invention, Subject to any specifically 
excluded limit in the stated range. Where the stated range 
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includes one or both of the limits, ranges excluding either 
both of those included limits are also included in the inven 
tion. 
0044. In the following description, numerous specific 
details are set forth to provide a more thorough understanding 
of the present invention. However, it will be apparent to one of 
skill in the art that the present invention may be practiced 
without one or more of these specific details. In other 
instances, well-known features and procedures well known to 
those skilled in the art have not been described in order to 
avoid obscuring the invention. 

Overview 

0045. The invention provides methods and compositions 
for producing deletion mate pairs and deletion mate pair 
constructs. Deletion mate pairs are generally two target 
sequences which are separated by a known distance within 
the polynucleotide from which they are derived. Deletion 
mate pair constructs are polynucleotide molecules which 
include at least on deletion mate pair. 
0046. The use of deletion mate pair constructs, either with 
or without the use of conventional mate pairs, allows for the 
indirect sequencing of sequences than can be obtained using 
only conventional mate pairs for sequencing. Longer 
sequence read lengths provided using deletion mate pairs 
provides sequence information generally only available by 
performing longer sequence reads. Thus, the present inven 
tion provides similar advantages to conventional techniques 
ofreading every nucleotide, without the need to obtain longer 
reads, which are more expensive and more difficult to gener 
ate, especially in the high throughput high density DNA 
arrays. Effectively, the read length that can be obtained using 
these overlapping fragments with precise deletions allows 
determination of the deleted sequence region without direct 
identification of such sequences. This obtained information is 
useful in polynucleotide analysis, and can be used, e.g., for 
determining length of tandem repeats or for unique mapping 
and assembly of long and/or dispersed nucleotide repeats. In 
a specific example, the number of deleted bases may be, e.g., 
between 2 and 10 times the length bases identified in specific 
sequencing reaction, thus effectively extending the read 
length of such methods 2-10 fold for specific sequences (such 
as those with single nucleotide repeats). 
0047. In general, the sequence of the deleted region is 
obtained through one or more overlapped target fragments 
derived from copies of the sample polynucleotide. The dele 
tion of an exact or Substantially exact number of bases in the 
creation of new mate pairs distinguishes this invention from 
use of traditional mate pairs, where the distance between a 
pair of sequences is highly approximate (e.g., +1-5% to 20% 
of the distance of usually 0.3 kb to 3 kb or longer). 
0048 Precise deletion mate pairs are particularly useful in 
sequencing extensive regions of repeating sequences (i.e., 
tandem repeats and especially triple repeats that frequently 
cause diseases when over-expanded), in identifying multiple 
“local mutations, and in identifying long insertions and dele 
tions. Furthermore, deletion of about IO-I00 bases in stag 
gered fragments may help in removing or reducing secondary 
structures or sequences regions of extreme GC content, thus 
allowing higher quality of data or ability to sequence certain 
gene or genome regions. 
0049. In one aspect of the invention, use of deletion mate 
pairs provides selective determination of sequences of two 
polynucleotide segments with predefined distance, i.e. to skip 
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direct identification of a defined (exact or almost exact) num 
ber of bases that are present (i.e. not deleted) in the analyzed 
target. 
0050. In another aspect, the invention also provides meth 
ods for using deletion mate pair constructs to generate ampli 
cons and libraries. In addition, the invention provides meth 
ods of creating random arrays that include deletion mate pair 
constructs and amplicons of deletion mate pair constructs. 
Such arrays can, in accordance with the invention, be used to 
analyze the nucleotide sequences of deletion mate pairs. 
Sequence reads resulting from Such analysis can be 
assembled more efficiently than is possible in traditional 
sequencing methods, because the sequence reads can be 
aligned based on not only overlapping sequences, but also 
based on the known lengths of the deleted regions separating 
each deletion mate pair. The methods of the invention are 
particularly useful in sequencing extensive regions of repeat 
ing sequences (i.e., tandem repeats), in identifying multiple 
“local mutations, and in identifying long insertions and dele 
tions 

Compositions/Structures of Target Polynucleotides 
0051. The present invention provides compositions and 
methods that are derived from and/or utilize target polynucle 
otides from samples. As will be appreciated by those in the 
art, the sample solution may comprise any number of things, 
including, but not limited to, bodily fluids (including, but not 
limited to, blood, urine, serum, lymph, saliva, anal and vagi 
nal secretions, perspiration and semen) and cells of virtually 
any organism, with mammalian samples being preferred and 
human samples being particularly preferred; environmental 
samples (including, but not limited to, air, agricultural, water 
and Soil samples); biological warfare agent samples; research 
samples (i.e. in the case of nucleic acids, the sample may be 
the products of an amplification reaction, including both tar 
get and signal amplification, Such as PCR amplification reac 
tions; purified samples, such as purified genomic DNA, RNA 
preparations, raw samples (bacteria, virus, genomic DNA, 
etc.). In accordance with the present invention, Samples may 
be subjected to virtually any experimental manipulation. 
0.052 In general, cells from a target organism (animal, 
avian, mammalian, etc.) are used. When genomic DNA is 
used, the amount of genomic DNA required for constructing 
arrays and Substrates of the invention can vary widely. In one 
embodiment genomic DNA, is obtained using conventional 
techniques, for example, as disclosed in Sambrook et al., 
supra, 1999; Current Protocols in Molecular Biology, 
Ausubel et al., eds., (John Wiley and Sons, Inc., NY, 1999), or 
the like. In a preferred embodiment, isolated genomic DNA is 
free of DNA processing enzymes and contaminating salts, 
represents the entire genome equally, and comprises DNA 
fragments with lengths from about 1,000 to about 100,000 
base pairs in length. In a particularly preferred embodiment, 
human genomic DNA is used in methods and compositions of 
the invention. 
0053. In one aspect, for mammalian-sized genomes, frag 
ments are generated from at least about 1 genome-equivalent 
of DNA; and in another aspect, fragments are generated from 
at least about 10 genome-equivalents of DNA; and in another 
aspect, fragments are generated from at least about 30 
genome-equivalents of DNA. Target polynucleotides of the 
invention are nucleic acids. By “nucleic acid' or "oligonucle 
otide' or grammatical equivalents herein means at least two 
nucleotides covalently linked together. A nucleic acid of the 
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present invention will generally contain phosphodiester 
bonds, although in some cases, as outlined below (for 
example in the construction of primers and probes Such as 
label probes), nucleic acid analogs are included that may have 
alternate backbones, comprising, for example, phosphora 
mide (Beaucage et al., Tetrahedron 49(10): 1925 (1993) and 
references therein: Letsinger, J. Org. Chem. 35:3800 (1970); 
Sprinzlet al., Eur. J. Biochem.81:579 (1977); Letsingeret al., 
Nucl. Acids Res. 14:3487 (1986); Sawai et al., Chem. Lett. 
805 (1984), Letsinger et al., J. Am. Chem. Soc. 110:4470 
(1988); and Pauwels et al., Chemica Scripta 26:14191986)), 
phosphorothioate (Mag et al., Nucleic Acids Res. 19:1437 
(1991); and U.S. Pat. No. 5,644,048), phosphorodithioate 
(Briu et al., J. Am. Chem. Soc. 111:2321 (1989), O-meth 
ylphosphoroamidite linkages (see Eckstein, Oligonucle 
otides and Analogues: A Practical Approach, Oxford Univer 
sity Press), and peptide nucleic acid backbones and linkages 
(see Egholm, J. Am. Chem. Soc. 114:1895 (1992); Meier et 
al., Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature, 
365:566 (1993); Carlsson et al., Nature 380:207 (1996), all of 
which are incorporated by reference). Other analog nucleic 
acids include those with bicyclic structures including locked 
nucleic acids, Koshkin et al., J. Am. Chem. Soc. 120:132523 
(1998); positive backbones (Denpcy et al., Proc. Natl. Acad. 
Sci. USA 92:6097 (1995); non-ionic backbones (U.S. Pat. 
Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469, 
863; Kiedrowshi et al., Angew. Chem. Intl. Ed. English 
30:423 (1991); Letsinger et al., J. Am. Chem. Soc. 110:4470 
(1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 
(1994); Chapters 2 and 3, ASC Symposium Series 580, “Car 
bohydrate Modifications in Antisense Research, Ed. Y. S. 
Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & 
Medicinal Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomo 
lecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) 
and non-ribose backbones, including those described in U.S. 
Pat. Nos. 5.235,033 and 5,034,506, and Chapters 6 and 7. 
ASC Symposium Series 580, “Carbohydrate Modifications 
in Antisense Research”. Ed. Y. S. Sanghui and P. Dan Cook. 
Nucleic acids containing one or more carbocyclic Sugars are 
also included within the definition of nucleic acids (see Jen 
kins et al., Chem. Soc. Rev. (1995) pp 169 176). Several 
nucleic acid analogs are described in Rawls, C & E News Jun. 
2, 1997 page 35. All of these references are hereby expressly 
incorporated by reference. Modifications of the ribose-phos 
phate backbone may be made to increase the stability and 
half-life of Such molecules in physiological environments. 
For example, PNA:DNA hybrids can exhibit higher stability 
and thus may be used in Some embodiments. 
0054 Target polynucleotides may be generated from a 
Source nucleic acid, such as genomic DNA, cDNA (including 
cDNA libraries), cRNA (including cRNA libraries), siRNA 
(and siRNA libraries) and mRNA (as well as products of 
transcription and reverse transcription). In a preferred 
embodiment, target polynucleotides are generated from 
Source nucleic acid by fragmentation to produce fragments of 
one or more specific sizes. This fragmentation may be accom 
plished by methods known in the art, including chemical, 
enzymatic and mechanical fragmentation. In one embodi 
ment, the fragments are from about 50 to about 2000 nucle 
otides in length. In another embodiment, the fragments are 
from 50 to 600 nucleotides in length. In another embodiment, 
the fragments are 300 to 600 or 200 to 2000 nucleotides in 
length. In yet another embodiment, the fragments are 10-100, 
50-100, 50-300, 100-200, 200-300, 50-400, 100400, 200 
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400, 400-500, 400-600, 500-600, 50-1000, 100-1000, 200 
1000, 300-1000, 400-1000, 500-1000, 600-1000, 700-1000, 
700-900, 700-800, 800-1000, 900-1000, 1500-2000, and 
1750-2000 nucleotides in length. These fragments may in 
turn be circularized for use in an RCR reaction or in other 
biochemical processes, such as the insertion of additional 
adaptors. 
0055 For the methods of the present invention, it is pref 
erable to utilize between 10-200 or more copies of substan 
tially identical polynucleotide fragments in the creation of the 
constructs of the invention to ensure optimal coverage of the 
entire polynucleotide. For one aspect of the invention, the 
polynucleotide fragments may be obtained with a mixture of 
enzymes, e.g., a mixture of 2-20 restriction endonucleases, to 
provide multiple Substantially identical copies of fragments 
from a sample comprising multiple copies of a target poly 
nucleotide, e.g., the human genome. The restriction endonu 
cleases for use in the fragmentation of the polynucleotides are 
preferably frequent 4-base cutters or special 2-base cutters 
with a combined frequency of one recognition site in every 10 
to 300 bases in the target polynucleotide. 
0056. In a specific embodiment the preferred shifts (dis 
tances between starts of neighboring fragments) are between 
10-300 bases, and a preferred fragment length for creation of 
the construct of about 500-10,000 nucleotides. 
0057 Multiple independent complete or partial DNA 
digestions can be used to obtain the desired number of copies 
of the polynucleotide fragments for construct construction. In 
specific aspects, the optimized approach is to perform sepa 
rate reactions for each enzyme or for several Small pools of 
enzymes. For example, between 4 and 8 separate reactions, 
each with mixture of 4 to 2 restriction enzymes, may be used 
in the preparation of the polynucleotides for construct cre 
ation. 
0058. In addition to natural or engineered restriction 
enzymes, other sequence specific cutting reagents may be 
used, alone or in combination with restriction endonucleases, 
in creating the polynucleotide fragments to be used in the 
constructs. One example of such an enzyme is using one base 
specific chemicals, such as dimethylsulfate, HCOH, hydra 
Zine, and piperidine. In another example, oligonucleotide 
defined cleavage sites can be used to fragment the polynucle 
otides instead of using restriction endonucleases. From 
1-100, preferably 2-75, or even more preferably 5-35 million 
cutting anchors may be used in 2-10 pools. Such cutting 
anchors may optionally have a capture group for isolation of 
the fragments, and in certain aspects fragments of specific 
length range may be isolated after cleavage. 
0059. In certain aspects of the invention, both restriction 
endonucleases and oligonucleotides can be used in fragmen 
tation of the polynucleotide for creation of the constructs of 
the invention. A Smaller, selected set of oligonucleotides may 
be designed to complement restriction enzyme cutting and 
provide additional fragments in the low coverage areas or 
areas of specific interest, e.g., areas with specific disease 
associated loci. 
0060. The nucleic acids may be single stranded or double 
Stranded, as specified, or contain portions of both double 
Stranded or single stranded sequence. The nucleic acids may 
be DNA, both genomic and cDNA, RNA or a hybrid, where 
the nucleic acid contains any combination of deoxyribo- and 
ribo-nucleotides, and any combination of bases, including 
uracil, adenine, thymine, cytosine, guanine, inosine, Xatha 
nine, hypoxathanine, isocytosine, isoguanine, etc. 
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0061 “Target polynucleotides’ and “target nucleic acids' 
comprise “target sequences'. As used herein, “target 
sequence” refers generally to a nucleic acid sequence on a 
single strand of nucleic acid. The target sequence may be a 
portion of a gene, a regulatory sequence, genomic DNA, 
cDNA, RNA including mRNA and rRNA, or others. As is 
outlined herein, the target sequence may be a target sequence 
from a sample, or a secondary target such as a product of an 
amplification reaction, a fragmentation reaction, and the like. 
A target sequence may be of any length. A target sequence 
often comprises afragment of a target polynucleotide, and the 
length of that fragment may comprise Some or all of the target 
polynucleotide from which it is derived. For a target sequence 
or a polynucleotide fragment to be "derived from a target 
polynucleotide (or any polynucleotide) can mean that the 
target sequence/polynucleotide fragment is formed by physi 
cally, chemically, and/or enzymatically fragmenting a target 
polynucleotide (or any other polynucleotide). To be "derived 
from a polynucleotide may also mean that the fragment is the 
result of a replication or amplification of a particular Subset of 
the nucleotide sequence of the target polynucleotide. 
0062. The target sequence may also include a number of 
target domains, and these target domains may include the 
same or different sequences. For example, a first target 
domain of the sample target sequence may hybridize to a 
capture probe and a second target domain may hybridize to a 
label probe, etc. The target domains may be adjacent or sepa 
rated as indicated. Unless specified, the terms “first and 
“second are not meant to confer an orientation of the 
sequences with respect to the 5'-3' orientation of the target 
sequence. For example, assuming a 5'-3' orientation of the 
complementary target sequence, the first target domain may 
be located either 5' to the second domain, or 3' to the second 
domain. 

Adaptors 

0063. The invention preferably includes adaptors at 
spaced locations within a target polynucleotide or a fragment 
of a polynucleotide. As used herein, “adaptors' are nucleic 
acids of known sequence. Generally, adaptors are signifi 
cantly shorter in length than the target polynucleotides into 
which they are inserted. 
0064. In accordance with the invention, adaptors may 
serve as platforms for interrogating adjacent sequences using 
various sequencing chemistries. Such as those that identify 
nucleotides by primer extension, probe ligation, and the like. 
A unique component of embodiments of the invention is the 
insertion of known adaptor sequences into target polynucle 
otides, such that there is an interruption of contiguous target 
sequences with the adaptors. By sequencing both "upstream” 
and "downstream” of the adaptor, sequence information of 
entire target sequences may be accomplished. Adaptors can 
also be used in accordance with the invention to circularize 
polynucleotides. 
0065 Adaptors can be added to the ends of polynucleotide 
molecules—such adaptors are also referred to herein as "end 
adaptors'. Adaptors can also be “interspersed adaptors'. 
meaning that these adaptors are inserted into the “interior of 
a polynucleotide molecule—i.e., interspersed adaptors sepa 
rate two regions of a polynucleotide molecule, as described in 
U.S. application Ser. No. 1 1/679,124, which is hereby incor 
porated by reference. The adaptor may separate regions that 
are contiguous in the original polynucleotide or in the original 
genomic sequence from which the polynucleotide is derived. 
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In another aspect, the adaptor may separate target sequence 
regions with known approximate or exact distance, including 
distance information for variations including bases deleted, 
repeated, etc. 
0066. In accordance with the invention, adaptors can 
include multiple features. Such features can include without 
limitation restriction endonuclease recognition sites, anchor 
probe hybridization sites (for use in analysis), sequencing 
probe hybridization sites, capture probe hybridization sites, 
and polymerase recognition sequences. Polynucleotide mol 
ecules that include adaptors with capture probe hybridization 
sites can be immobilized on a surface that contains capture 
probes through hybridization of the capture probes with the 
adaptors containing complementary capture probe hybridiza 
tion sites. 
0067. In a preferred embodiment, adaptors include recog 
nition sites for type IIs restriction endonucleases. Exemplary 
type IIs restriction endonucleases include, but are not limited 
to, Eco57M I, Mme I, Acu I, Bpm I, BceA I, Bbv I, BciVI, 
BpuEI, BseM II, BseRI, Bsg I, BSmF I, BtgZI, Eci I, EcoP15 
I, Eco57M I, Fok I, Hga I, Hph I, Mbo II, Mnl I, SfaN I, 
TspDTI, TspDW I, Taq II, and the like. 
0068. In some embodiments, each adaptor comprises the 
same Type IIs restriction endonuclease site. In alternative 
embodiments, different adaptors comprise different sites. In 
specific embodiments, one or more of the adaptors comprises 
two or more Type IIs restriction endonuclease sites, for use in 
bi-directional cutting or to provide additional specificity 
when introducing multiple adaptors. 
0069. In one embodiment of the invention, an adaptor can 
comprise a primer binding sequence. This primer binding 
sequence may be used, for example, to bind a primer for a 
polymerase. As is known in the art, in order to replicate a 
template, polymerases generally require a single stranded 
template (concatemers of the invention, for example), 
wherein the single stranded template includes a portion of 
double stranded nucleic acid. Essentially, any sequence can 
serve as a primer binding sequence to bind a primer, because 
any double Stranded sequence will be recognized by the poly 
merase. In general, the primer binding sequence is from about 
3 to about 60 nucleotides in length, with from about 15 to 
about 25 being preferred. Primer oligonucleotides are usually 
6 to 25 bases in length. As will be appreciated by those in the 
art, the primer binding sequence can be contained within any 
other part of adaptor sequences. The primer binding sequence 
will hybridize to a complementary sequence on a primer, thus 
forming the requisite double stranded region for a polymerase 
to recognize and then replicate the remainder of the single 
Stranded template. 
0070. In accordance with the invention, an adaptor can 
also comprise a capture probe recognition sequence. As is 
more fully outlined below, one embodiment of the invention 
utilizes capture probes on the Surface of a Substrate to immo 
bilize polynucleotide molecules. The term “polynucleotide 
molecules' includes polynucleotides, target polynucleotides, 
target sequences and can also include other components such 
as adaptors. In one embodiment, the polynucleotide mol 
ecules include adaptors which comprise a domain Sufficiently 
complementary to one or more capture probes to allow 
hybridization of the domain and the capture probe, resulting 
in immobilization of the polynucleotide molecule on the sur 
face. 
0071. In one aspect, an adaptor comprises a secondary 
structure sequence. In a preferred aspect, adaptors include 
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palindromic sequences or sequences complementary 
between adaptors, which foster intramolecular interactions 
within the target polynucleotide. For example, palindromic or 
complementary sequences in a plurality of adaptors within 
the concatemer can result in hybridization between adaptors 
(e.g., intramolecular interactions between copies in the con 
catemer) or within the adaptor itself e.g., resulting in hairpins. 
These structures can serve to “tighten' the three dimensional 
structure of the polynucleotide. In the case of concatemers 
formed from polynucleotides comprising adaptors, which are 
described in further detail below, palindromic or complemen 
tary sequences within the adaptors can provide a secondary 
structure that results in a more compact spheroid shape. These 
palindromic and/or complementary sequence units can be 5. 
6,7,8,9, 10 or more nucleotides in length and can be designed 
using a variety of different sequences. In one embodiment, 
palindromic sequences can be chosen to provide a specific 
melting temperature. In one exemplary embodiment, a palin 
drome AAAAAAATTTTTTT (SEQID NO: 1) will form a 14 
base dsDNA hybrid with a neighboring unit that includes the 
complementary palindrome TTTTTTTAAAAAAA (SEQID 
NO: 2), resulting in a “local region of double stranded DNA 
within the secondary structure of a single stranded polynucle 
otide molecules, such as a concatemer. 
0072. In one embodiment, an adaptor can comprise one or 
more binding sequences for a detectable tag, such as a label 
probe. In some embodiments, label probes can be added to the 
concatemers to detect particular sequences. Label probes will 
hybridize to the label probe binding sequence and comprise at 
least one detectable label. Such labels include without limi 
tation the direct or indirect attachment of radioactive moi 
eties, fluorescent moieties, calorimetric moieties, chemilumi 
nescent moieties, and the like. Many comprehensive reviews 
of methodologies for labeling DNA and constructing DNA 
adaptors provide guidance applicable to constructing oligo 
nucleotide probes of the present invention. Such reviews 
include Kricka, Ann. Clin. Biochem. 39: 114-129 (2002); 
Schaferling et al. Anal. Bioanal. Chem. (Apr. 12, 2006); 
Matthews et al. Anal. Biochem. Vol 169, pgs. 1-25 (1988); 
Haugland, Handbook of Fluorescent Probes and Research 
Chemicals, Tenth Edition (Invitrogen/Molecular Probes, 
Inc., Eugene, 2006); Keller and Manak, DNA Probes, 2nd 
Edition (Stockton Press, New York, 1993); and Eckstein, 
editor, Oligonucleotides and Analogues: A Practical 
Approach (IRL Press, Oxford, 1991); Wetmur, Critical 
Reviews in Biochemistry and Molecular Biology, 26: 227 
259 (1991); Hermanson, Bioconjugate Techniques (Aca 
demic Press, New York, 1996); and the like. Many more 
particular methodologies applicable to the invention are dis 
closed in the following sample of references: Fung et al., U.S. 
Pat. No. 4,757,141; Hobbs, Jr., et al U.S. Pat. No. 5,151,507: 
Cruickshank, U.S. Pat. No. 5,091,519; (synthesis of function 
alized oligonucleotides for attachment of reporter groups); 
Jablonski et al, Nucleic Acids Research, 14: 6115-6128 
(1986) (enzyme-oligonucleotide conjugates); Ju et al. Nature 
Medicine, 2: 246-249 (1996): Bawendi et al, U.S. Pat. No. 
6,326,144 (derivatized fluorescent nanocrystals); Bruchez et 
al, U.S. Pat. No. 6,274.323 (derivatized fluorescent nanocrys 
tals); and the like. 
0073. In one embodiment, an adaptor can comprise one or 
more tagging sequences. In this embodiment, tagging 
sequences may be used to isolate and/or purify circularized 
target polynucleotides and concatemers from a mixture. In 
Some embodiments, tagging sequences may include unique 
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nucleic acid sequences that can be utilized to identify the 
origin of target sequences in mixtures of tagged samples, or 
can include components of ligand binding pairs, such as 
biotin/streptavidin, etc. Tagging sequences may also com 
prise a binding site for a detectable label, such as a fluores 
cently labeled probe. 
0074. In one aspect, multiple adaptors are included within 
a target polynucleotide or any other polynucleotide molecule. 
In one aspect, interspersed adaptors each have a length in the 
range of from about 4 to about 4000 nucleotides. In one 
embodiment, the interspersed adaptors have a length of from 
about 8 to about 60 nucleotides; in another embodiment, they 
have a length in the range of from 8 to 32 nucleotides; in 
embodiment aspect, they have a length in a range selected 
from about 4 to about 400 nucleotides; from about 10 to about 
100 nucleotides, from about 400 to about 4000 nucleotides, 
from about 10 to about 80 nucleotides, from about 20 to about 
70 nucleotides, from about 30 to about 60 nucleotides, and 
from about 4 to about 10 nucleotides. In a particularly pre 
ferred embodiment, interspersed adaptors with length from 
about 20 to about 30 bases are used in accordance with the 
invention. 
0075. The number of interspersed adaptors inserted into 
target polynucleotides may vary widely and depends on a 
number of factors, including the sequencing/genotyping 
chemistry being used (and its read-length capacity), the par 
ticular length of the cleavage site of a particular Type IIs site, 
the number of nucleotides desired to be identified within each 
target polynucleotide, whether amplification steps are 
employed between insertions, and the like. 
0076. In one aspect, a plurality of interspersed adaptors is 
inserted at separate sites of a target polynucleotide; this may 
include two, three, four or more interspersed adaptors that are 
inserted within the target polynucleotide. Alternatively, the 
number of interspersed adaptors inserted into a target poly 
nucleotide ranges from 2 to 10; from 2 to 4: from 3 to 6: from 
3 to 4; and from 4 to 6. In another aspect, interspersed adap 
tors may be inserted in one or both polynucleotide segments 
of a longer polynucleotide, e.g., 0.4-4. Kb in length, that have 
been ligated together directly or indirectly in a circularization 
operation (referred to herein as a “mate-pair'). In one aspect, 
such polynucleotide segments may be 4-400 (preferably 
10-100) bases long. 
0077. It should also be noted that in general, the first 
adaptor attached to a target sequence is not “interspersed” or 
“inserted. That is, the first adaptor is generally attached to 
one terminus of the fragmented target sequence, and the Sub 
sequent adaptors are interspersed within a contiguous target 
Sequence. 
0078 Interspersed adaptors may in accordance with the 
invention be single or double stranded. 
0079. In some embodiments, adaptors can be used to cre 
ate “classes” of polynucleotides. By “classes’ is meant 
groups of polynucleotides that share a common feature—for 
example, Such features can include source/sample of origin, 
length, amount of processing (including circularization, dele 
tion, further fragmentation), as well as any other feature by 
which a particular group of polynucleotides can be differen 
tiated from another group of polynucleotides. In one aspect, 
each member of a group of target polynucleotides has an 
adaptor with an identical anchor probe binding site and type 
IIs recognition site attached to a DNA fragment from Source 
nucleic acid. In another embodiment, classes of polynucle 
otides may be created by providing adaptors having different 
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anchor probe binding sites. Such classes may be created by 
providing adaptors having distinct sequences or features to 
differentiate among polynucleotides from different classes. 
For example, adaptors can comprise different anchor probe 
binding sites. This type of “clustering can increase the effi 
ciency of identifying and analyzing sequence information of 
the target polynucleotides. 
0080. In one embodiment, if a polynucleotide is “associ 
ated with an adaptor, this can mean that the target polynucle 
otide is identified as being part of a “class” as discussed 
above. To be associated with an adaptor also generally refers 
to aspects of the invention in which an adaptor can be used to 
identify or tag a polynucleotide. 
I0081 Interspersed adaptors are nucleic acid sequences 
that are inserted at spaced locations within the interior region 
of a target polynucleotide. In one aspect, “interior in refer 
ence to a target polynucleotide means a site internal to a target 
polynucleotide prior to to processing, such as circularization 
and cleavage, that may introduce sequence inversions, or like 
transformations, which disrupt the ordering of nucleotides 
within a target polynucleotide. In one very specific aspect, 
interspersed adaptors are inserted at intervals within a con 
tiguous region of a target polynucleotide. In some cases, such 
intervals have predetermined lengths, which may or may not 
be equal. In other cases, the spacing between interspersed 
adaptors may be known only to an accuracy of from one to a 
few nucleotides (e.g., from 1 to 15), or from one to a few tens 
of nucleotides (e.g., from 10 to 40), or from one to a few 
hundreds of nucleotides (e.g., from 100 to 200). In some cases 
about 1 to 4 bases of target polynucleotide may be deleted or 
duplicated in the process of adapter insertion. Preferably, the 
ordering and number of interspersed adaptors within each 
target polynucleotide is known. In some aspects of the inven 
tion, interspersed adaptors are used together with adaptors 
that are attached to the ends of target polynucleotides. 

Circularizine Polynucleotide Molecules 
I0082 In a preferred aspect, polynucleotides and portions 
of polynucleotides are ligated to adaptors and then circular 
ized as preparation for use in other aspects of the invention 
described herein. Although many of the embodiments 
described herein refer to “polynucleotides” and “polynucle 
otide molecules, these descriptions also apply to all other 
polynucleotide molecules described herein, including “target 
polynucleotides”, “target sequences”, “concatemers', “target 
nucleic acids”, “nucleic acids”, “DNA nanoballs' and the 
like. 
I0083. In one aspect, circularization of polynucleotide 
molecules can generally be described as follows (it should be 
noted that genomic DNA is used as an example herein, but is 
not meant to be limiting). Genomic DNA from any organism 
is isolated and fragmented into target polynucleotides using 
standard techniques. A first adaptor is ligated to one terminus 
of the target polynucleotide. The adaptor preferably com 
prises a Type IIs restriction endonuclease site, which cuts 
outside of the recognition sequence. If the enzyme results in 
a “sticky' end, the overhang portion can either be filled in or 
removed. 
I0084. In one embodiment, an enzyme is used to ligate the 
two ends of the linear strand comprising the adaptor and the 
target polynucleotide to form a circularized nucleic acid. This 
may be done using a single step. Alternatively, a second 
adaptor can be added to the other terminus of the target 
polynucleotide (for example, a polyA tail), and then a bridg 
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ing sequence can be hybridized to the two adaptors, followed 
by ligation. In either embodiment, a circular sequence is 
formed. 
0085. The circular sequence is then cut with the Type IIs 
endonuclease, resulting in a linear Strand, and the process is 
repeated. This results in a circular polynucleotide with adap 
tors interspersed at well defined locations within previously 
contiguous target sequences. 
0086. If double stranded DNA is used, then the ends of the 
fragments may be prepared for circularization by “polishing 
and optional ligation of adaptors using conventional tech 
niques, such as employed in conventional shotgun sequenc 
ing, e.g., Bankier, Methods Mol. Biol., 167: 89-100 (2001): 
Roe, Methods Mol. Biol., 255: 171-185 (2004), which is 
hereby incorporated by reference. 
0087. In a preferred embodiment, target polynucleotide 
fragments of about 0.2 to about 2 kb in size are used in a 
circularization reaction. In a more preferred embodiment, the 
fragments are from about 0.3 to about 0.6 kb in size. 
0088. In most aspects of the invention, the preferred length 
of the polynucleotide for circularization is usually greater 
than 150 bases in length, more optimally greater than 400 
bases in length. In specific embodiments, polynucleotides 
fragments of 100-1000 bases in length, more preferably 300 
3000 bases in length, up to and including 30,000 bases or 
more in length may be used in the circularization methods of 
the invention. Adaptor length can be varied depending on the 
approximate or exact length of the polynucleotide insert(s) 
used to form the circles. For example, when a longer poly 
nucleotide insert is used, adapter length is preferably between 
10 to 100 bases, more preferably between about 20-30 bases. 
When a shorter polynucleotide insert is used, alonger adapter 
can be used to facilitate circle formation. For example, when 
the insert comprises two shorter sequences of defined length, 
e.g., a combined length of 24 nucleotides, the adaptor is 
preferably 100-500 nucleotides in length, more preferably 
150 to 300 nucleotides in length. 
0089. In one embodiment, “adaptor segments' are used to 
circularize polynucleotides. In this embodiment, one portion 
of an adaptor is ligated to one end of a polynucleotide mol 
ecule and the remaining portion is ligated to the other end. 
The polynucleotide molecule is then circularized by ligating 
the two portions of the adaptor (the “adaptor segments') to 
form a whole adaptor. 
0090. In one aspect, the invention utilizes a method of 
circularization as illustrated in FIG. 1. After genomic DNA 
(100) is fragmented and denatured (102), single stranded 
DNA fragments (104) are first treated with a terminal trans 
ferase (106) to attach a poly dA tails (108) to 3-prime ends. 
This is then followed by ligation (112) of the free ends intra 
molecularly with the aid of a bridging oligonucleotide (110) 
that is complementary to the poly dA tail at one end and 
complementary to any sequence at the other end by virtue of 
a segment of degenerate nucleotides. A duplex region (114) of 
the bridging oligonucleotide (110) contains at least a primer 
binding site for RCR and, in Some embodiments, comprises 
sequences that provide complements to a capture probe, 
which may be the same or different from the primer binding 
site sequence, or which may overlap with the primer binding 
site sequence. The length of capture probe may vary widely, 
In one aspect, capture probes and their complements in a 
bridging oligonucleotide have lengths in the range of from 10 
to 100 nucleotides; and more preferably, in the range of from 
10 to 40 nucleotides. Circular products (116) may be conve 
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niently isolated by a conventional purification column, diges 
tion of non-circular DNA by one or more appropriate exonu 
cleases, or both. 
0091. In some aspects, the duplex region (114) may con 
tain additional elements, such as an oligonucleotide tag, for 
example, for identifying the Source nucleic acid from which 
its associated DNA fragment came. That is, in specific meth 
ods, circles or adaptor ligation or concatemers from different 
Source nucleic acids may be prepared separately during 
which a bridging adaptor containing a unique tag is used, after 
which they are mixed for concatemer preparation or applica 
tion to a surface to produce a random array. The associated 
fragments may be identified on Such a random array by 
hybridizing a labeled tag complement to its corresponding tag 
sequences in the concatemers, or by sequencing the entire 
adaptor or the tag region of the adaptor. 
0092. In certain aspects of the embodiments, DNA circles 
prepared from source nucleic acid need not include an adap 
tor oligonucleotide. These circularized products can be used 
directly in the preparation of concatemers, as described in 
more detail herein. 
0093 Polynucleotide fragments can also be circularized 
using circularizing enzymes, such as CircIligase, a single 
stranded DNA ligase that circularizes single stranded DNA 
without the need of a template. CircIligase is used in accor 
dance with the manufacturer's instructions (Epicentre, Madi 
son, Wis.). In a preferred embodiment, single Stranded poly 
nucleotide circles comprising a DNA fragment and one or 
more adaptors are formed by using a standard ligase (such as 
T4 ligase) to ligate an adaptor to one end of DNA fragment. 
CircIligase is then used to close the circle. 

Deletion Mate Pairs 

0094. In a preferred aspect, polynucleotide molecules of 
the invention comprise “deletion mate pairs'. As used herein, 
the term “deletion mate pair refers to two target sequences 
that are adjacent in a construct (or adjoined in a construct by 
an introduced element such as an adaptor) but are separated 
by a known or expected distance within the genome or poly 
nucleotide molecule from which they are derived. For 
example, as illustrated in FIG. 2, if a target polynucleotide 
(201) comprises contiguous domains X(202), Y(203) and 
Z(204), where the length of Y is known, then deletion of 
domain Y(203) results in two target sequences X (205) and Z 
(206) which are separated by a known distance Y. Target 
sequences X (205) and Z (206) in this case would be a dele 
tion mate pair. Such deletion mate pairs may be contained 
within a linear or a circular polynucleotide molecule. It 
should be noted that FIG. 2 is only meant to illustrate con 
ceptually what a deletion mate pair is, and does not necessar 
ily reflect how a deletion mate pair is formed. Methods for 
forming deletion mate pairs are described in more detail for 
various aspects of the invention described below. 
0.095 The deletion mate pair technique is particularly use 
ful in determining the lengths and/or nucleotide sequence of 
repeating sequences within a target polynucleotide, a 
genome, a nucleotide library, and the like. Many sequencing 
techniques have relatively short read lengths, on the order of 
1-20, 2-15, 4-10, and 6-8 bases. Since these shorter read 
lengths may not be able to sequence through long stretches of 
repeating sequence. Such as repeating sequences that extend 
for 20, 30, 40, 50 or more bases, assembling a complete 
sequence from short read lengths can be difficult for several 
reasons, including without limitation because the endpoints 
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of the repeating sequences cannot be determined. By utilizing 
two or more deletion mate pair constructs with overlapping 
fragments having deletions of known length, even a short read 
length of about 1-20, 2-15, 4-10, and 6-8 bases can be used to 
identify the length and/or nucleotide sequence of a target 
sequence. For example, as shown in FIG. 3, a target poly 
nucleotide (301) is illustrated comprising a stretch of 16 
repeating Ts flanked by non-repeating sequences (“B” repre 
sents any one of the four possible bases, A, C, C, T). Frag 
ments 302-304 are fragments comprising deletion of specific 
length (12 nt) as represented by the underlined Xs. If two 6 
base reads are obtained around 12-base deletion in the three 
overlapped reads, fragment (304) informs that the T repeats 
do not extend past its deletion area. Fragments (302) and 
(303) can be used to detect the 16 Ts: each fragment will 
identify the end of the T repeats and, using the known dele 
tion, a 12-base read of each fragment can identify a 16 baseT 
repeat (4 detected Ts+12 deleted Ts in (302) and 5 detected 
Ts+11 deleted Ts in (303)), which would not be possible 
without the use of Such deletion fragments and mate pair 
construction. Thus, the identified sequences can be aligned 
using not only the bases that are identified in each sequence 
read, but also by the number of bases that are known to be 
deleted between two target domains. 
0096. The schematic illustration in FIG. 4A illustrates one 
method of producing a deletion mate pair construct. By “dele 
tion mate pair construct is meant a polynucleotide molecule 
that comprises one or more deletion mate pairs. A deletion 
mate pair construct may be a linear or a circular molecule. In 
the method illustrated in FIG. 4A, a circular polynucleotide 
molecule (401) is formed using methods described herein, 
and the circular polynucleotide molecule (401) comprises 
Adaptor A1 (402). Adaptor A1 preferably includes a recog 
nition site for a restriction endonuclease (depicted as a black 
oval). In the embodiment illustrated in FIG. 4A, the recogni 
tion site in Adaptor A1 (402) is an “exact cutter. By “exact 
cutter is meant that the restriction endonuclease cuts at a 
known distance from the recognition site in all or most of the 
polynucleotide molecules. Some “wobbling exists, so that 
even with an exact cutter there can be a very Small (e.g., 
1-10%) amount of cutting that happens one or two bases from 
the expected cutting site, but this number is Small enough so 
as to not unduly change the fundamental methods of the 
invention. Exact cutter endonucleases include without limi 
tation Type IIs restriction endonucleases such as Eco57M I, 
Mme I, Acu 1, Bpm 1, BceA 1. Bbv I, BciVI, BpuEI, BseM 
II, BseRI, Bsg I, BSmF I, BtgZI, Eci I, EcoP15 I, Eco57M I, 
Fok I, Hga I, Hph I, Mbo II, Mnl I, SfaNI, TspDTI, TspDW 
I, Taq II, and the like. 
0097. In a preferred embodiment, the exact cutter used in 
forming a deletion mate pair construct is known to cut 6-30 
bases from its recognition site; in a further embodiment the 
endonuclease cuts 8-16 bases from the recognition site, 10-14 
bases from its recognition site. 
0098. As used herein, the term “recognition site' can be 
distinct from the term “cleavage site' for a restriction endo 
nuclease. The endonuclease will generally “recognize' a par 
ticular sequence in a polynucleotide molecule—this is the 
recognition site. The point at which the endonuclease cleaves 
the polynucleotide molecule (the “cleavage site') can either 
be within the recognition site or at Some distance away from 
the recognition site. 
0099. As shown in FIG. 4A, the exact cutter is applied to 
the circular polynucleotide molecule (401) to form a first 
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linear construct (403) in which Adaptor A1 (402) is inter 
posed between a first target sequence T1 (406) and a second 
target sequence T2 (405). A deletion adaptor (404) is ligated 
to one end of the first linear construct (403) to form a second 
linear construct (407). A “deletion adaptor is an adaptor that 
comprises a restriction endonuclease and is only used as a tool 
to delete a number of bases from a polynucleotide molecule 
(i.e., a deletion adaptor will not generally comprise other 
functional elements, such as hybridization sites for sequenc 
ing primers, etc., and will generally not be used for circular 
ization of polynucleotides or in any other processing or analy 
sis steps). In the embodiment depicted in this figure, the 
recognition site in the deletion adaptor is also for an exact 
cutter endonuclease. The exact cutter recognition site in 
Adaptor A1 (402) may be the same or different from the exact 
cutter recognition site in deletion adaptor (404). 
0100. The exact cutter is applied to the second linear con 
struct (407), resulting in fragment (408) and a third linear 
construct (410). Since the number of bases “Y” deleted by the 
exact cutter is known, it is therefore also known that target 
sequence T1(406) and the now shorter target sequence T2 
(409) are separated by Y bases. Taken together, T1 and the 
shorter T2 form a deletion mate pair, and construct (410) is a 
deletion mate pair construct. Step (411) further illustrates 
how T1 and T2 are separated by Y bases. 
0101 Preferably, in a method as illustrated in FIG. 4A, a 
deletion adaptor (404) is ligated only to the free end of the 
target sequence which needs to have bases deleted, i.e., to the 
free end of target sequence T2 (405) in the embodiment 
illustrated in FIG. 4c. In such an embodiment, the target 
sequence that is not meant to have any bases deleted (T1 (406) 
will need to be modified to prevent the adaptor from ligating 
to its free end. In an exemplary embodiment, T1 (406) can be 
modified by method in which a recognition site for a nicking 
endonuclease is included in Adaptor A1(402). In this embodi 
ment, T1 (406) will have a 3' overhang, and application of the 
nicking endonuclease and nick translation by a polymerase 
will modify that overhanging end to a blunt end. Thus, only 
the unmodified end will have the overhang that is able to 
ligate with deletion adaptor (404). Such methods are 
described in U.S. Ser. No. 60/864,992 filed Nov. 9, 2006: Ser. 
No. 1 1/943,703, filed Nov. 2, 2007: Ser. No. 1 1/943,697, filed 
Nov. 2, 2007: Ser. No. 1 1/943,695, filed Nov. 2, 2007; and 
PCT/US07/835,540; filed Nov. 2, 2007, all of which are 
incorporated by reference in their entirety to teach this aspect. 
0102. In a further embodiment of the method illustrated in 
FIG.4A, the process of applying an exact cutter endonuclease 
is repeated multiple times to generate deletions of a desired 
length. In a specific preferred embodiment a deletion of 12 
bases in two repeated processes is preferred. In another 
embodiment, if a 24 base pair deletion is required, a restric 
tion endonuclease that cuts exactly 8 base pairs away from the 
recognition site can be used 3 times to generate the desired 
deletion. In one embodiment, the polynucleotide molecules 
are purified between each of the multiple cycles of deletion 
using methods known in the art, including without limitation 
electrophoretic and sedimentation techniques. (see e.g., Sam 
brook, et al., Molecular Cloning, 2nd Edition, Cold Spring 
Harbor Laboratory Press, 1989). 
0103) In another embodiment, the multiple cycles of dele 
tion are conducted as a “one pot reaction in which the poly 
nucleotides are not purified after each deletion reaction. A 
“one pot' reaction refers generally to the process of conduct 
ing multiple reactions on a sample without purifying the 
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products of each reaction before beginning a Subsequent reac 
tion. In one such embodiment, reaction buffers can be 
adjusted to add ligase and endonuclease enzymes in the same 
reaction vessel with polynucleotide molecules and the adap 
tors. In such an embodiment, the reaction vessel will first 
contain polynucleotides and adaptors. The proper buffers for 
ligase are provided in the vessel, and the ligase is then added 
to ligate adaptors to polynucleotide molecules. Once the liga 
tion reaction has proceeded for the desired amount of time, 
the ligase is inhibited using methods known in the art, pref 
erably using increased temperature. The buffers are then 
adjusted for an endonuclease and the endonuclease is added 
to the reaction vessel without purification of the ligated mol 
ecules. After the endonuclease has cleaved the polynucleotide 
molecules ligated to adaptors comprising the proper recogni 
tion site, the endonuclease can be inhibited and the buffers 
again adjusted for either a new ligation reaction or for another 
endonuclease. In one embodiment, after the desired number 
of cycles of ligation and deletion are complete, the final 
polynucleotide products can be purified from the reaction 
mixture using methods known in the art. 
0104. In specific embodiments of the method illustrated in 
FIG. 4A, deletion adaptor (404) can be added as two arms, 
one ligated to each end of the linear construct (403). In this 
aspect, at least one of the two arms of deletion adaptor (404) 
comprises a recognition site for a restriction endonuclease 
that is an “exact cutter”. Use of such constructs is disclosed in 
U.S. Ser. No. 60/864,992 filed Nov. 9, 2006; Ser. No. 1 1/943, 
703, filed Nov. 2, 2007: Ser. No. 1 1/943,697, filed Nov. 2, 
2007: Ser. No. 11/943,695, filed Nov. 2, 2007; and PCT/ 
US07/835,540; filed Nov. 2, 2007, all of which are incorpo 
rated by reference in their entirety to teach this aspect. 
0105. In a further embodiment, the Adaptor A1 (402) and 
deletion adaptor (404) comprise recognition sites for the 
same restriction endonuclease. In such an embodiment, after 
the first linear construct is created, the recognition site in 
Adaptor A1 can be blocked using methods known in the art, 
such as DNA methylation, to prevent the endonuclease from 
cleaving from the site in Adaptor A1 again. Thus, when dele 
tion adaptor (404) is ligated and the restriction endonuclease 
is again applied, the only point at which the endonuclease will 
cleave the polynucleotide molecule will be at the known 
distance from the recognition site in deletion adaptor (404). 
because the recognition site in Adaptor A 1 (402) has been 
blocked. Such an embodiment simplifies the process of add 
ing adaptors to the polynucleotide molecule by minimizing 
the number of different adaptors that need to be designed and 
the number of restriction endonucleases that need to be used 
during the process of producing deletion mate pairs. 
0106. As is further described herein, the process of creat 
ing a deletion mate pair construct may utilize single stranded 
molecules or double stranded molecules. In some embodi 
ments of the invention, certain steps of the methods for cre 
ating a deletion mate pair construct will utilize single 
stranded molecules, whereas other steps will utilize double 
Stranded molecules. 

0107. In one embodiment, deletion mate pair constructs 
are circularized for further processing and analysis—for 
example, circular molecules can be used to generate concate 
mers, as is further described below. Methods of circularizing 
polynucleotide molecules are described herein. In one exem 
plary embodiment illustrated in FIG. 4B, the polynucleotide 
molecule (411) produced by the method illustrated in FIG. 4A 
is ligated to Adaptor A2 (412) to form construct (413). Con 
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struct (413) can then be circularized to form circular poly 
nucleotide (414), in which Adaptor A1 and Adaptor A2 are 
interposed between target sequence T2 (now withoutYbases) 
(409) and target sequence T1(406). Circular polynucleotides 
(414) can then be used in forming concatemers with a rolling 
circle replication reaction, as described herein. Such a con 
catemer would have repeating units in which each unit would 
comprise A1-T1-A3-T2. In addition, additional adapters can 
be inserted (e.g., in the shortened T2 region) using the restric 
tion binding sites in A1 or A2. 
0108. In another exemplary embodiment, which is illus 
trated in FIG. 4C, a deletion mate pair construct (411), formed 
by the method discussed above and illustrated in FIG. 4A, is 
ligated to Adaptor A2 (412) and Adaptor A3 (413) to form 
construct (416). In a preferred embodiment, Adaptor A2 and 
Adaptor A3 comprise sites which can be utilized in sequenc 
ing reactions. For example, Adaptor A2 and A3 may comprise 
hybridization sites (e.g., for sequencing probes, anchor 
probes, primers and the like) and those hybridization sites can 
be utilized in the analysis of the nucleotide sequence of target 
sequence T1 (406) and at least a part of shortened target 
sequence T2 (409). 
0109. In one embodiment, the invention provides a 
method for creating a circularized deletion mate pair con 
struct as illustrated in FIG. 5. In this method, a circular poly 
nucleotide molecule (501) is provided which comprises a 
region X contiguous with Adaptor A, which is in turn con 
tiguous with region Y, which is in turn contiguous with region 
Z. Regions X, Y and Z are contiguous within the polynucle 
otide from which they are derived. Adaptor A comprises two 
recognition sites for endonuclease enzymes. One restriction 
site is a recognition site for a Type IIs endonuclease (black 
oval), and one restriction site is a recognition site for an 
endonuclease that is not a Type IIs endonuclease (white oval). 
Although the Type IIs site is depicted as being to the “right 
of the non-Type IIs endonuclease, the method is not limited to 
this configuration and the sites can be switched in position. 
Thus, in certain aspects of the invention the IIs restriction site 
is retained in the construct, and may be used again in Subse 
quent reactions. 
0110. As shown in (502), the Type II restriction endonu 
clease is applied, cleaving the molecule at a point between 
region Y and region Z. In a preferred embodiment, the Type II 
restriction endonuclease is an exact cutter, and thus the cleav 
age site is at a known distance from the recognition site. 
0111. In step (503), the non-Type II endonuclease is 
applied, thus fully cleaving the Type II restriction site and 
region Y (504) out from the remainder of the polynucleotide 
molecule. In (505), regionZ is then ligated to the remainder of 
Adaptor A, thus re-circularizing the molecule. This ligation 
may be accomplished by any method known in the art and 
discussed herein. Since the fragment (504) is of known 
length, regions X and Z are deletion mate pairs separated by 
the number of bases in region Y. 
0112 FIG. 6 illustrates a further embodiment in which 
multiple deletion cycles are applied to form the circular dele 
tion mate pair construct. Again, a circular polynucleotide 
molecule (601) is provided which comprises a region X con 
tiguous with Adaptor A, which is in turn contiguous with Y. 
which is contiguous with Z, which is contiguous with W. 
Regions X, Y, Z and W are contiguous within the polynucle 
otide from which they are derived. Adaptor A comprises two 
recognition sites—one for an exact cutter Type IIs restriction 
endonuclease (black oval), and one for a non-Type IIs restric 
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tion endonuclease (white oval). In this embodiment, the exact 
cutter is applied in (602) to cleave at a point between Y and Z. 
The non-Type IIs restriction endonuclease is then applied in 
(604), fully cleaving regionY (603) from the remainder of the 
polynucleotide molecule. In (605), Adaptor A is ligated to 
region Z to re-circularize the molecule. In (606), the exact 
cutter is again applied to cleave at a point between Z and W. 
In (608), the non-Type IIs restriction endonuclease is applied, 
allowing complete removal of Z (607). In (609), W is ligated 
to Adaptor A, again re-circularizing the molecule. Since both 
applications of the Type IIs restriction endonuclease deleted a 
known number of bases, X and Win (609) are deletion mate 
pairs separated by the number of bases in regions Y plus Z. 
The stepwise deletion method described in FIG. 6 can be used 
to generate a library of deletion mate pair constructs from one 
or more target polynucleotides, in which the library com 
prises constructs that have undergone different numbers of 
deletion cycles. When the deletion mate pairs from such a 
library are sequenced, the sequence reads can be efficiently 
assembled using not only overlapping sequences but also the 
different deletion regions. 
0113 FIG. 7 illustrates an embodiment of the invention in 
which multiple deletion cycles are performed on a linear 
molecule. Construct (701) comprises regions Z, W and V on 
one end and a region X and Adaptor A1 on the other end. 
Fragments for use in multiple deletion cycles are preferably 
prepared by partial restriction digestion using one or more 
enzymes with frequent recognition sites. Regions Z. WandV 
are contiguous within the polynucleotide molecule from 
which they are derived. In (703), deletion adaptor (702) is 
ligated to one end of construct (701). Deletion adaptor (702) 
comprises a recognition site for an exact cutter endonuclease. 
The exact cutter is applied to cleave between region Zand W. 
resulting infragment (704) and the shortened construct (705), 
which now has had region Z removed. In (707), deletion 
adaptor (706) is ligated to the construct (705). The deletion 
adaptor (706) also comprises a recognition site for an exact 
cutter, and this recognition site may be the same or different 
from the recognition site in deletion adaptor (702). The exact 
cutter is applied to form fragment (708) and the further short 
ened construct (709). Region V and Xin (709) are deletion 
pairs. As discussed above for the method of FIG. 6, the 
method illustrated in FIG. 7 can be used to generate a library 
of constructs that have undergone different numbers of dele 
tion cycles. 
0114 FIG. 8 illustrates another embodiment of forming 
deletion mate pair constructs that have undergone multiple 
deletion cycles. In this embodiment, a linear polynucleotide 
molecule (801) comprises regions Z, W and Von one end and 
region X on the other end. In a preferred embodiment, mol 
ecule (801) is a fragment of a polynucleotide formed accord 
ing to methods known in the art and described herein. Mol 
ecule (801) is ligated to Adaptor A1 in (802). Preferably, 
Adaptor A1 is only ligated to one end of molecule (801). In a 
preferred embodiment, multiple copies of molecule (801) 
undergo the ligation reaction in (802). In Such an embodi 
ment, an aliquot of the ligated molecule in (802) can be 
circularized using methods described herein to form circular 
ized molecule (803). Another aliquot is ligated to a deletion 
adaptor (DA) in (804). The deletion adaptor comprises a 
recognition site for an exact cutter (black oval). The exact 
cutter is applied to form fragment (805) and shortened con 
struct (806). Again, an aliquot of (806) can be circularized to 
form (807). Another aliquot of (806) can be ligated to a 
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deletion adaptor to form the construct in (808). The deletion 
adaptorin (808) also comprises a recognition site for an exact 
cutter. The recognition site in (808) can be the same or dif 
ferent than the recognition site in (804). The exact cutter is 
applied to form fragment (809) and further shortened con 
struct (810). Construct (810) can in turn be circularized to 
form construct (811). Constructs (806), (807), (810) and 
(811) all comprise deletion mate pairs. Libraries of these 
constructs can be used in sequencing reactions as described 
herein, and the resultant sequence reads can be more effi 
ciently aligned than is possible with traditional sequencing 
reactions, because the alignments can be based on not only 
overlapping sequences but also on the various deleted 
regions. Libraries formed from constructs made according to 
the methods illustrated in FIG.8 may include only the linear 
constructs or only the circularized constructs, or they can 
comprise a mixture of both linear and circular constructs. 
Additional adaptors can be inserted, preferably in the region 
ZWV and adjacent regions, using restriction binding sites on 
one or both sides of A1. 

0115 FIG. 9 illustrates a further embodiment of the meth 
ods illustrated in FIGS. 7 and 8, in which a second adaptor is 
ligated to the ends of deletion mate pair constructs that have 
been formed using different numbers of deletion cycles. Both 
adaptors in these constructs are preferably used in sequencing 
reactions described herein—having two adaptors in the mol 
ecule increases the number of bases that can be read in a 
single sequencing reaction, by providing two (or more) dif 
ferent points of origin for such sequencing reactions. 
Sequencing reactions, particularly sequencing reactions uti 
lizing adaptors incorporated into polynucleotide molecules, 
are described further herein. 

0116 FIG. 10 illustrates another embodiment in which a 
deletion cycle is performed. In this embodiment, circularized 
construct (1001) comprises Adaptor A1 interposed between 
region X and region Y. Regions Y, Z and W are contiguous 
within the polynucleotide from which they are derived. Adap 
tor A1 comprises a recognition site for an exact cutter (black 
oval). The exact cutter is applied in (1002) to cleave (1002) 
between region Y and region Z to form linear construct 
(1003). A deletion adaptor (DA) is ligated to form construct 
(1004). The deletion adaptor comprises a recognition site for 
an exact cutter (black oval). The recognition site in construct 
(1004) may be the same or different from the recognition site 
in Adaptor A1 of construct (1002). The exact cutter is applied 
to form fragment (1005) and shortened construct (1006). 
Construct (1006) can then be ligated to Adaptor A2 to form 
construct (1007), or alternatively construct (1006) can be 
circularized to form construct (1008). Both constructs (1007) 
and (1008) can be used in sequencing reactions to identify the 
sequences of regions W, X and Yin (1007) and the sequences 
of regions X and Y in construct (1008), e.g., a sequencing 
method can be used to ready and at least a part of Wusing A1 
in (1008), e.g., a sequencing method can be used to ready and 
at least a part of W using A1 in (1008). 
0117 FIG. 11 illustrates another method for forming dele 
tion mate pair constructs using combinations of deletion 
cycles. In this embodiment, construct (1101) comprises 
Adaptor A interposed between region X and region Y. 
Regions W, X, Y, and Z are contiguous within the polynucle 
otide from which they are derived. Adaptor A comprises four 
recognition sites for restriction endonucleases (ovals). The 
dark ovals represent recognition sites for exact cutters, 
whereas the white ovals represent recognition sites for non 
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Type IIs restriction endonucleases. In (1102), the exact cutter 
for the recognition site represented by the black oval is 
applied. The endonuclease for the recognition site next to the 
site represented by the black oval is then applied to com 
pletely cleave region Y (1104) from the remainder of the 
construct (1103). Construct (1103) is then circularized to 
form construct (1105). The exact cutter for the recognition 
site represented by the gray oval is applied to construct (1105) 
to form construct (1106). The restriction endonuclease for the 
recognition site next to the recognition site represented by the 
gray oval is in turn applied to construct (1106) to completely 
cleave region X (1108) from the remainder of the construct 
(1107). Construct (1107) is then circularized to form con 
struct (1109). Because the deleted regions were of known 
length (because the exact cutters cleave at a known number of 
bases away from their recognition sites), regions W and Z in 
construct (1109) are deletion mate pairs. 
0118 FIG.12 illustrates a version of the method described 
above for FIG. 11, except that the method illustrated in FIG. 
12 begins with linear polynucleotide molecule (1201). Mol 
ecule (1201) is preferably a fragment of a target polynucle 
otide formed according to methods described herein. Each 
end of molecule (1201) is ligated to a deletion adaptor (DA). 
The deletion adaptors comprise recognition sites for exact 
cutters (ovals), and the recognition sites in each deletion 
adaptor may the same or different from the other. The exact 
cutters for both deletion adaptors are applied to form frag 
ments (1203) and (1204) and shortened construct (1205). 
Construct (1205) is then ligated to Adaptor A to form con 
struct (1207). Construct (1207) can then be circularized to 
form construct (1208), in which adaptor A is interposed 
between the deletion mate pair comprising region X and 
region V. 
0119. In a very specific aspect of the invention (not 
shown), circular nucleic acid constructs without an adaptor 
can be used to identify a number of bases on either side of a 
specific deletion. This aspects can be performed by: provid 
ing a circularized fragment of a target polynucleotide, with 
the two ends of the fragment were are not contiguous in the 
target polynucleotide joined in the circular construct; cleav 
ing the circle at a site substantially distant from the site of the 
joined fragment ends; deleting a specified number of bases at 
the cleavage site; and identifying a selected number of bases 
at each end of the deletion site. Identification of these bases 
generally involves one or more adapters having sequencing 
reaction binding sites (e.g., for primers, anchors or probes) 
ligated to Such fragment ends. 
0120 FIG. 13 illustrates yet another embodiment of the 
invention. In this embodiment, construct (1301) comprises 
Adaptor A interposed between regions X and Z. X and Z are 
deletion mate pairs formed by any of the methods described 
above. Adaptor A comprises two recognition sites for exact 
cutters (black ovals). The recognition sites may be the same or 
different. The exact cutter(s) for both recognition sites is 
applied to construct (1301) in (1302) to form molecule (1303) 
and construct (1304). Construct (1304) consists of region X 
and Z and Adaptor A. Construct (1304) is then circularized to 
form construct (1305), in which regions X and Z are now 
contiguous within the circular molecule. In this embodiment, 
Adaptor A is longer than adaptors generally used in methods 
of the invention, so that construct (1304) is of sufficient length 
to form the circular construct (1305). Preferably, Adaptor A in 
this embodiment is at least about 20-40 bases in length. In 
another embodiment, Adaptor A is at least 50 bases in length, 
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at least 100 bases in length at least 150 bases in length, at least 
200 bases in length, at least 500 bases in length, and the like. 
I0121. In any of the methods discussed above involving 
multiple deletion cycles, the number of deletion cycles is not 
limited to the numbers illustrated in the exemplary figures. 
The steps of ligating a deletion adaptor to a construct and 
cleaving with an exact cutter can be repeated multiple times to 
form constructs with increasing numbers of bases deleted. 
I0122. In general, the polynucleotide molecules used in 
generating deletion mate pair constructs are at least partially 
double stranded throughout the process. Once the final linear 
or circular construct containing the deletion mate pair is 
formed, the double stranded molecule can be separated into 
single stranded molecules using methods known in the art. 
(see, e.g., Erlich, ed., PCR Technology, Principles and Appli 
cations for DNA Amplification, (W.H. Freeman and Co, New 
York, 1992), Chapter 7). For example, the double stranded 
molecules can be denatured using heat or high pH to “melt 
the strands and cause them to separate. Double stranded poly 
nucleotide molecules can also be denatured by using a dena 
turing polyacrylamide gel and isolating the single stranded 
molecules using methods known in the art. 
I0123 Circularization of double-stranded polynucleotides 
generally requires a polynucleotide of longer than about 150 
bases and preferably longer than 300 bases. If target poly 
nucleotide is short, a longer adaptor may be used to facilitate 
the circularization of the construct. Due to its greater flexibil 
ity, much shorter circles of single-stranded polynucleotides 
can be formed (e.g., fragments as short as 50-150 bases.) In 
specific aspects, constructs comprising longer strands of 
double-stranded polynucleotides can be used for adaptor 
insertion, and a portion of this double-stranded polynucle 
otide can be removed prior to the formation of single-stranded 
circular constructs. This can allow a large number of targets to 
be inserted into Such constructs. 

0.124. In another embodiment, one or more steps of the 
methods for forming deletion mate pair constructs utilize 
single stranded molecules. In Such embodiments, the single 
stranded molecule can to be rendered partially double 
Stranded in order to ligate adaptors to the polynucleotide 
molecule or to create a recognition site for a restriction endo 
nuclease. A single stranded molecule can be rendered par 
tially double stranded by using oligonucleotides of 10-30 
base pairs in length, which have sequences complementary to 
part of the sequence of the single stranded molecule. The 
oligonucleotides will hybridize to the corresponding 
sequence, thus creating a “localized' double stranded region 
on the otherwise single stranded molecule. In some embodi 
ments, a single stranded linear construct can be circularized 
using CircIligaseTM as is further discussed herein. 
0.125. As described herein, adaptors may include many 
functional elements, such as recognition sites for restriction 
endonucleases, sites for primers, and anchor probe hybridiza 
tion sites. As used herein, adaptors utilized in the methods of 
creating a deletion mate pair construct may also be referred to 
herein by their roles within such methods. For example, an 
adaptor used to circularize a polynucleotide can be referred to 
as a “circularization adaptor'. Similarly, an adaptor used to 
delete a number of bases from a construct can be referred to as 
a “deletion adaptor'. These adaptors are not limited to only a 
single structure or function. For example, a circularization 
adaptor may also be as a deletion adaptor if it comprises a 
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restriction endonuclease recognition site. Similarly, a dele 
tion adaptor may also be used to circularize a polynucleotide 
molecule. 
0126. In another aspect, a library of linear or circular dele 
tion mate pair constructs can be created from a sample, Such 
as a genomic sample, or isolated from target polynucleotides 
or fragments of polynucleotides. In one embodiment, the 
library is enriched for polynucleotide molecules of a specific 
length by first separating DNA fragments using methods 
known in the art, including without limitation polyacrylamide 
gel purification. In another embodiment, a library comprising 
two or more different kinds of mate pairs is generated. For 
example, a first library can be created using only a single 
application of a deletion step, a second library using two 
applications of the deletion step, and so forth. Alternatively, 
libraries can be generated by using different numbers of dele 
tion cycles, by using different combinations of endonu 
cleases, including without limitation different exact cutters, 
different non-exact cutters, and combinations thereof. Librar 
ies can also be generated by using different combinations of 
numbers of deletion cycles, different endonucleases, and 
other methods of generating deletion mate pair constructs of 
different lengths, sequences and structures. Such libraries can 
be analyzed separately or tagged and combined as a mixture 
into a single library. When analyzed as a mixture, the analysis 
can include detection (such as sequencing) of the tags. Such 
tags can include without limitation detectable labels, such as 
fluorescent labels, which can identify constructs based on 
properties that include without limitation length, type of dele 
tion, numbers of deletion cycles, and the like. 
0127. In one aspect, deletion mate pair constructs made 
according to the invention comprise target sequences. A plu 
rality of deletion mate pair constructs. Such as a library of 
deletion mate pair constructs, can include enough different 
target sequences to cover (i.e., represent) part or all of a 
Source nucleic acid, including without limitation a target 
polynucleotide, a genome, a cDNA library, and the like. Such 
a plurality of deletion mate pair constructs may cover about 
5% to about 100% of a source nucleic acid, about 1% to about 
95%, about 5% to about 90%, about 10% to about 85%, about 
15% to about 80%, about 20% to about 75%, about 25% to 
about 70%, about 30% to about 65%, about 35% to about 
60%, about 40% to about 55%, and about 45% to about 50% 
of the source nucleic acid. In a preferred embodiment, a 
plurality of deletion mate pair constructs comprises target 
sequences which together represent about 80% of a source 
nucleic acid. In a particularly preferred embodiment, a plu 
rality of deletion mate pair constructs comprises target 
sequences which together represent about 80% of a genome. 
0128 Deletion mate pair constructs made according to the 
invention can be further processed and analyzed as is 
described in detail below. 
Generating Nested Fragments with Exact End-Deletions 
0129 Multiple target polynucleotide fragments with exact 
end-deletions relative to the entire polynucleotide can be used 
for determining the length of simple repeats, for example 
10-30 TC repeats or a poly-A repeat. Long and highly over 
lapped nucleic acid fragments created from a target poly 
nucleotide can be prepared by partial digestion with one or a 
pool of frequently-cutting restriction enzymes as described. 
Preferably, the use of one or multiple restriction enzymes 
cleaves the target polynucleotide at approximately every 
50-200 bases, resulting in fragments of ~1 kb to 10 kb in 
length that each begin at predefined restriction enzyme rec 
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ognition sequence sites. A pooled group of these fragments 
can then be used in the creation of constructs for use in 
sequence determination of the target polynucleotide. 
0.130. The initial target polynucleotide fragments created 
are sequentially deleted using consecutive cycles of ligation 
of an adapter with IIS restriction enzyme binding site at the 
ends of the fragments, and cleavage of the ends of the frag 
ments to create a deletion of known length from each end. 
Such ligation and deletion reactions can occur in multiple 
reactions or, preferably, in a single-tube reaction. Sequential 
deletion of a defined number of bases from the ends of the 
fragments generates “nested' fragments from the target poly 
nucleotide fragments. 
0131. Using nested fragments in sequencing reactions 
allows determination of sequences that are separated by an 
exact number of bases in the target polynucleotide. This 
facilitates determination of an exact length of tandem repeats 
Such as mono, double and triple repeats that are located 
between these fragment ends. A schematic example using a 
target polynucleotide fragment and a nested fragment known 
to be exactly 60 bases shorter in length than the fragment is 
depicted below, with each “ . . . representing a deletion of 
known length: 

CATGBBBBBBBBAAAAAAAAAAABBB . . . BBBBBBBBBB . . . 

BBBCATGBBBBB . . . (SEQ ID NO : 3) Target 
Fragment 

BBBBBB . . . 

BBBCATGBBBBB . . . (SEQ ID NO 4) Nested 
Fragment 

|- - - - - - - - - - - - - - - - - - - - - - - - - 60 bases 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

|- - 12 bases - - - - - - - - - - 
bases 

0.132. When these fragments are used in sequence assem 
bly of the entire target polynucleotide, the total number of 
bases Surrounding the polyA repeat that are present in the 
target fragment and not present in the nested fragment (here, 
12+37–49 bases) to determine the length of the polyA repeat. 
Using comparison of the target fragment and the nested frag 
ment, the total number of deleted bases is known to be 60. 
Thus, the polyA repeat length can be determined to be 
60-49-11 bases. 

0.133 Libraries created using the nested fragment methods 
allows “linked reads to be obtained for sequence assembly, 
and the use of predefined mapping sites and reference 
sequences for each restriction enzyme used in the methods. 
For example, initial mapping of a fragment to the sequence of 
a target polynucleotide may use a predefined number map 
ping sites at a predefined distance from each restriction site. 
Use of nested fragments of the invention has the potential of 
reducing mapping computation of larger polynucleotides 
(such as an entire genome) 10-100 fold, and may eliminate 
the need for fragment size selection in the preparation of mate 
pairs. Moreover, a combination of deletion mate-pairs and 
conventional mate-pairs can be used to determine evidence of 
sequence location, presence of mutations, and the like. 
0.134. Another advantage of using nested fragments gen 
erated by restriction enzymes (as opposed to random frag 
mentation) is that use of Such specific fragments in the cre 
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ation of the nested fragments can provide a more constrained 
data set for comparative analysis across individuals. 

Amplicons 
0135) In one aspect of the invention, polynucleotides of 
the invention are used to generate amplicons. The term 
“amplicon' means the product of a polynucleotide amplifi 
cation reaction. That is, it is a population of polynucleotides 
that are replicated from one or more starting polynucleotides, 
e.g., either the linear or the circular constructs of the present 
invention. Amplicons may be produced by a variety of ampli 
fication reactions, including but not limited to polymerase 
chain reactions (PCRs), linear polymerase reactions, nucleic 
acid sequence-based amplification, circle dependent amplifi 
cation and like reactions (see, e.g., U.S. Pat. Nos. 4,683, 195: 
4,965, 188; 4,683,202; 4,8001:59: 5,210,015; 6,174,670; 
5,399,491; 6,287,824 and 5,854,033; and US Pub. No. 2006/ 
0024711). 
0136. In one aspect, the invention provides concatemers 
generated from polynucleotide molecules. Such concatemers 
contain multiple copies of a target polynucleotide or a frag 
ment of a target polynucleotide. DNA concatemers under 
conventional conditions (a conventional DNA buffer, e.g., 
TE, SSC, SSPE, or the like, at room temperature) form ran 
dom coils that roughly fill a spherical Volume in Solution 
having a diameter of from about 100 to 300 nm, which 
depends on the size of the DNA and buffer conditions, in a 
manner well known in the art, e.g., Drmanac et al., U.S. patent 
application Ser. No. 1 1/451,691; Drmanac et al., U.S. patent 
application Ser. No. 11,451,692; Edvinsson, “On the size and 
shape of polymers and polymer complexes. Dissertation 696 
(University of Uppsala, 2002). 
0.137 Concatemers, particularly concatemers with a sec 
ondary structure Such as a random coil, are also referred to 
herein as “DNA nanoballs” (“DNBs). 
0.138. As discussed herein, target polynucleotides may be 
generated from a source nucleic acid. Such as genomic DNA, 
cDNA (including cDNA libraries), CRNA (including crNA 
libraries), siRNA (and siRNA libraries) and mRNA (as well 
as products of transcription and reverse transcription). 
0.139. Although many of the following descriptions focus 
on DNA molecules, the invention is not limited to DNA 
polynucleotide molecules, and the following methods apply 
to other types of polynucleotides, including without limita 
tion mRNA, siRNA, and cRNA. 
0140. In many cases, enzymatic digestion of the Source 
nucleic acid, particularly genomic DNA, is not required 
because shear forces created during lysis and extraction will 
generate fragments in the desired range. In another embodi 
ment, shorter fragments (1-5 kb) can be generated by enzy 
matic fragmentation using restriction endonucleases. In one 
embodiment, 10-100 genome-equivalents of DNA ensure 
that the population of fragments covers the entire genome. In 
Some cases, it is advantageous to provide carrier DNA, e.g., 
unrelated circular synthetic double-stranded DNA, to be 
mixed and used with the sample DNA whenever only small 
amounts of sample DNA are available and there is danger of 
losses through nonspecific binding, e.g., to container walls 
and the like. In one embodiment, the DNA is denatured after 
fragmentation to produce single stranded fragments. 
0141. In addition to target polynucleotides or portions of 
target polynucleotides, concatemers of the invention in a pre 
ferred embodiment also include interspersed adaptors that 
permit acquisition of sequence information from multiple 
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sites, either consecutively or simultaneously. In this embodi 
ment, interspersed adaptors comprise hybridization sites for 
sequencing probes, allowing for detection and identification 
of nucleotides in adjacent detection positions at numerous 
points along the target polynucleotide molecule. Since inter 
spersed adaptors are interspersed throughout the polynucle 
otide molecule, a long target polynucleotide can be 
sequenced using short sequence reads, because the sequenc 
ing reactions have multiple 'starting points' in the multiple 
interspersed adaptors. 
0142. In a preferred aspect, rolling circle replication 
(RCR) (is used to create concatemers of the invention. The 
RCR process has been shown to generate multiple continuous 
copies of the M13 genome. (Blanco, et al., (1989) J Biol 
Chem 264:8935-8940). In this system, as illustrated in FIGS. 
2 and 3, the desired polynucleotide fragment is replicated by 
linear concatemerization. Guidance for selecting conditions 
and reagents for RCR reactions is available in many refer 
ences available to those of ordinary skill, as evidence by the 
following, which are each incorporated by reference: Kool, 
U.S. Pat. No. 5,426,180; Lizardi, U.S. Pat. Nos. 5,854,033 
and 6,143,495; Landegren, U.S. Pat. No. 5,871,921; and the 
like. 
0.143 Generally, RCR reaction components include single 
stranded DNA circles, one or more primers that anneal to 
DNA circles, a DNA polymerase having strand displacement 
activity to extend the 3' ends of primers annealed to DNA 
circles, nucleoside triphosphates, and a conventional poly 
merase reaction buffer. Such components are combined under 
conditions that permit primers to anneal to DNA circle. 
Extension of these primers by the DNA polymerase forms 
concatemers of DNA circle complements. 
0144 Preferably, concatemers produced by RCR are 
approximately uniform in size; accordingly, in Some embodi 
ments, methods of making arrays of the invention may 
include a step of size-selecting concatemers. For example, in 
one aspect, concatemers are selected that as a population have 
a coefficient of variation in molecular weight of less than 
about 30%; and in another embodiment, less than about 20%. 
In one aspect, size uniformity is further improved by adding 
low concentrations of chain terminators, suchddNTPs, to the 
RCR reaction mixture to reduce the presence of very large 
concatemers, e.g., produced by DNA circles that are synthe 
sized at a higher rate by polymerases. In one embodiment, 
concentrations of ddNTPs are used that result in an expected 
concatemer size in the range of from 50-250 Kb, or in the 
range of from 50-100Kb. In another aspect, concatemers may 
be enriched for a particular size range using a conventional 
separation techniques, e.g., size-exclusion chromatography, 
membrane filtration, or the like. 
0145 The RCR process relies upon the desired target mol 
ecule first being formed into a circular substrate. This linear 
amplification uses the original DNA molecule, not copies of 
a copy, thus ensuring fidelity of sequence. As a circular entity, 
the molecule acts as an endless template for a strand displac 
ing polymerase that extends a primer complementary to a 
portion of the circle. The continuous strand extension creates 
long, single-stranded DNA consisting of hundreds of con 
catemers comprising multiple copies of sequences comple 
mentary to the circle. 
0146 FIG. 14 illustrates one aspect of the embodiments 
for creating concatemers for use in the invention. In this 
embodiment, source nucleic acid (1400) is treated (1401) to 
form single stranded fragments (1402), preferably in the 
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range of from 50 to 600 nucleotides, and more preferably in 
the range of from 300 to 600 nucleotides. Individual frag 
ments of source nucleic acid 1406 are then ligated (1403) to 
adaptors (1404) to form a population of adaptor-fragment 
conjugates (1405). Source nucleic acid (1400) may be 
genomic DNA extracted from a sample using conventional 
techniques, or a cDNA or genomic library produced by con 
ventional techniques, or synthetic DNA, or the like. Treat 
ment (1401) usually entails fragmentation by a conventional 
technique, such as chemical fragmentation, enzymatic frag 
mentation, or mechanical fragmentation, followed by dena 
turation to produce single stranded DNA fragments. 
0147 Adaptors (1404), in this example, are used to form 
(1408) a population (1410) of DNA circles by the method 
illustrated in FIG. 14. In one aspect, each member of popu 
lation (1410) has an adaptor with an identical primer binding 
site and a DNA fragment (1406) from source nucleic acid 
(1400). As discussed above, the adaptor also may have other 
functional elements including, but not limited to, tagging 
sequences, attachment sequences, palindromic sequences, 
restriction sites, functionalization sequences, and the like. In 
other embodiments, classes of DNA circles may be created by 
providing adaptors having different primer binding sites. 
0148. After DNA circles (1410) are formed, a primer and 
rolling circle replication (RCR) reagents may be added to 
generate (1411) in a conventional RCR reaction (1412) con 
catemers (1413) of the complements of the adaptor oligo 
nucleotide and DNA fragments, which population can then be 
isolated using conventional separation techniques. Perform 
ing this for multiple circles (1414) results in a population of 
concatemers (1415) for construction of arrays of the inven 
tion. 

0149. In a specific aspect, primers used for RCR may be 
selected to match target sequences within the DNA fragments 
rather than in the adaptor. In such an embodiment, the con 
catemers produced will produce a set of DNA circles which 
preferentially include these target sequences. 
0150. Alternatively, amplification of the circular nucleic 
acids may be implemented by Successive ligation of short 
oligonucleotides, e.g., 6-mers, from a mixture containing all 
possible sequences, or if circles are synthetic, a limited mix 
ture of these short oligonucleotides having selected 
sequences for circle replication, a process known as "circle 
dependent amplification” (CDA). “Circle dependant amplifi 
cation” or “CDA refers to multiple displacement amplifica 
tion of a double-stranded circular template using primers 
annealing to both Strands of the circular template to generate 
products representing both strands of the template, resulting 
in a cascade of multiple-hybridization, primer-extension and 
Strand-displacement events. This leads to an exponential 
increase in the number of primer binding sites, with a conse 
quent exponential increase in the amount of product gener 
ated over time. The primers used may be of a random 
sequence (e.g., random hexamers) or may have a specific 
sequence to select for amplification of a desired product. 
CDA results in a set of concatemeric double-stranded frag 
ments is formed. 

0151 Concatemers may also be generated by ligation of 
target DNA in the presence of a bridging template DNA 
complementary to both beginning and end of the target mol 
ecule. A population of different target DNA may be converted 
in concatemers by a mixture of corresponding bridging tem 
plates. 
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0152. In a preferred embodiment, a subset of a population 
of DNA circles may be isolated based on a particular feature, 
Such as a desired number or type of adaptor. This population 
can be isolated or otherwise processed (e.g., size selected) 
using conventional techniques, e.g., a conventional spin col 
umn, or the like, to form a population from which a popula 
tion of concatemers can be created using techniques such as 
RCR. 

0153. As illustrated in 15, in certain embodiments, DNA 
circles prepared from source nucleic acid (1500) need not 
include an adaptor oligonucleotide. As before, Source nucleic 
acid (1500) is fragmented and denatured (1502) to form a 
population of single-stranded fragments (1504), preferably in 
the size range of from about 50 to 600 nucleotides, and more 
preferably in the size range of from about 1500 to 600 nucle 
otides, after which they are circularized in a non-template 
driven reaction with circularizing ligase, such as CircIligase 
(Epicentre Biotechnologies, Madison, Wis.), or the like. After 
formation of DNA circles (1506), concatemers are generated 
by providing a mixture of primers that bind to selected 
sequences. The mixture of primers may be selected so that 
only a subset of the total number of DNA circles (1506) 
generates concatemers. For example, primers can be selected 
to target certain exon sequences, thus enriching the popula 
tion of DNA circles with these exon sequences. Primers used 
in this aspect may, as described herein, include a tail 
sequence. In one embodiment, the primers all share an iden 
tical tail sequence (also referred to herein as a “tail oligo 
nucleotide'). In another embodiment, a group of tailed prim 
ers will include multiple different tail sequences. Generating 
concatemers for multiple circles results in a population of 
concatemers, and the desired concatemers isolated (1510), 
resulting in a population of concatemers (1512). 
0154) In one aspect, once concatemers are immobilized to 
a Surface, the primers can be extended using a non-strand 
displacing polymerase to form sets of copies of the concate 
mers that are individually attached to the surface, and the 
concatemer template can be removed to obtain single 
stranded DNA using hybridization methods known in the art. 
For example, removal can comprise without limitation, meth 
ods including: nicking the concatemer, cutting the concate 
mer using ssDNA nuclease or other enzyme at the gaps 
between two units of the concatemer, or, selective degrada 
tion of a single-stranded template. For example, if uracils are 
used in preparation of the concatemer, these uracils can be 
degraded to form the single stranded DNA. Any of these 
methods of removing the concatemer can be combined with 
DNA digestion by a 5' exonuclease, with denaturizing agents, 
or with Some combination thereof. Removing the concatemer 
after creating multiple copies of complementary sequences is 
particularly useful in aspects of the invention for target 
sequence analyses and other assays where multiple individu 
ally attached copies of the target polynucleotide are desirable. 
0.155. After concatemers are generated, e.g., using the 
above-described methods, they can be isolated and applied to 
surface for the formation of a random array of the invention. 
FIG. 16 illustrates the creation of concatemers and disposi 
tion of these concatemers onto arrays, where they can Subse 
quently be amplified using the methods of the invention to 
create arrays of the invention. Source nucleic acids (1600) are 
fragmented (1603) and the individual fragments (1606) are 
ligated (1605) to adaptors (1604) for circularization (1608), 
after which the population of circularized nucleic acids 
(1610) are formed (1612) into concatemers (1614) by RCR. 
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The population of desired concatemers (1618) are then iso 
lated (1616) and applied (1620) to a surface (1622) for cre 
ation of an array of first stage amplicons (1624). 

Methods of Amplification 
0156 Any polynucleotide molecules of the invention, 
including polynucleotides, target polynucleotides, target 
sequences, and concatemers, can be amplified using methods 
known in the art and described herein. Such methods of 
amplification can generally be accomplished in Solution or in 
situ (i.e., on a surface). 
0157 Suitable amplification methods include both target 
amplification and signal amplification and include, but are not 
limited to, polymerase chain reaction (PCR), ligation chain 
reaction (sometimes referred to as oligonucleotide ligase 
amplification OLA), cycling probe technology (CPT), strand 
displacement assay (SDA), transcription mediated amplifica 
tion (TMA), nucleic acid sequence based amplification 
(NASBA), rolling circle amplification (RCA), and invasive 
cleavage technology. All of these methods require a primer 
nucleic acid (including nucleic acid analogs) that is hybrid 
ized to a target sequence to form a hybridization complex, and 
an enzyme is added that in some way modifies the primer to 
form a modified primer. For example, PCR generally requires 
two primers, dNTPs and a DNA polymerase: LCR requires 
two primers that adjacently hybridize to the target sequence 
and a ligase; CPT requires one cleavable primer and a cleav 
ing enzyme; invasive cleavage requires two primers and a 
cleavage enzyme; etc. Thus, in general, a target nucleic acid is 
added to a reaction mixture that comprises the necessary 
amplification components, and a modified primer is formed. 
Methods of amplification and detecting the products of 
amplification are discussed at length in U.S. Patent Publica 
tion No. 2006/0275782, which is hereby incorporated in its 
entirety for all purposes. 
0158. The methods of amplification described in this and 
following sections are often preludes to sequencing reactions, 
and often sequencing reactions incorporate an amplification 
step, as is also described further herein. 

Strand Displacement Amplification 

0159 Strand displacement amplification (SDA) is gener 
ally described in Walker et al., in Molecular Methods for 
Virus Detection, Academic Press, Inc., 1995, and U.S. Pat. 
Nos. 5,455,166 and 5,130,238, all of which are hereby incor 
porated by reference. 
0160. In general, SDA may be described as follows. A 
single stranded target nucleic acid, usually a DNA target 
sequence, is contacted with an SDA primer. An "SDA primer' 
generally has a length of 25-100 nucleotides, with SDA prim 
ers of approximately 35 nucleotides being preferred. An SDA 
primer is Substantially complementary to a region at the 3' end 
of the target sequence, and the primer has a sequence at its 5' 
end (outside of the region that is complementary to the target) 
that is a recognition sequence for a restriction endonuclease, 
Sometimes referred to herein as a "nicking enzyme” or a 
“nicking endonuclease. The SDA primer then hybridizes with 
the target sequence. The SDA reaction mixture also contains 
a polymerase (an "SDA polymerase) and a mixture of all four 
deoxynucleoside-triphosphates (also called deoxynucle 
otides or dNTPs, i.e. dATP, dTTP, dCTP and dGTP), at least 
one species of which is a substituted or modified dNTP; thus, 
the SDA primer is modified, i.e. extended, to form a modified 
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primer, sometimes referred to herein as a “newly synthesized 
strand’. The substituted dNTP is modified such that it will 
inhibit cleavage in the strand containing the substituted dNTP 
but will not inhibit cleavage on the other strand. Examples of 
suitable substituted dNTPs include, but are not limited, 
2'-deoxyadenosine 5'-O-(1-thiotriphosphate), 5-meth 
yldeoxycytidine 5'-triphosphate, 2'-deoxyuridine 5'-triphos 
phate, adn 7-deaza-2'-deoxyguanosine 5'-triphosphate. In 
addition, the substitution of the dNTP may occur after incor 
poration into a newly synthesized strand; for example, a 
methylase may be used to add methyl groups to the synthe 
sized strand. In addition, if all the nucleotides are substituted, 
the polymerase may have 5'-3' exonuclease activity. However, 
ifless than all the nucleotides are substituted, the polymerase 
preferably lacks 5'-3' exonuclease activity. 
0.161. As will be appreciated by those in the art, the rec 
ognition site/endonuclease pair can be any of a wide variety 
of known combinations. The endonuclease is chosen to 
cleave a strand either at the recognition site, or either 3' or 5' 
to it, without cleaving the complementary sequence, either 
because the enzyme only cleaves one strand or because of the 
incorporation of the substituted nucleotides. Suitable recog 
nition site/endonuclease pairs are well known in the art, Suit 
able endonucleases include, but are not limited to, HincII, 
HindIII, Aval, Fnu4HI, TthIIII, NcII, BstXI, BamHI, etc. A 
chart depicting Suitable enzymes, and their corresponding 
recognition sites and the modified dNTP to use is found in 
U.S. Pat. No. 5,455,166, hereby expressly incorporated by 
reference. 
0162. Once nicked, a polymerase (an "SDA polymerase') 

is used to extend the newly nicked strand, 5'-3', thereby cre 
ating another newly synthesized Strand. The polymerase cho 
sen should be able to initiate 5'-3' polymerization at a nick 
site, should also displace the polymerized Strand downstream 
from the nick, and should lack 5'-3' exonuclease activity (this 
may be additionally accomplished by the addition of a block 
ing agent). Thus, Suitable polymerases in SDA include, but 
are not limited to, the Klenow fragment of DNA polymerase 
I, SEQUENASE 1.0 and SEQUENASE 2.0 (U.S. Biochemi 
cal), T5 DNA polymerase and Phi29 DNA polymerase. 
0163. In one aspect the invention provides methods of 
making a complex of copies of a polynucleotide molecule. In 
this aspect, a polynucleotide is amplified into a concatemer 
using RCR, resulting in a single stranded concatemer. Mul 
tiple copies of a second primer is then bound to the concate 
merto initiate another round of DNA synthesis using a strand 
displacing polymerase, which results in a complex of copies 
comprising partially displaced Strands. In this embodiment, 
the original polynucleotide is generally a circular molecule 
comprising one or more adaptors. In a further embodiment, 
the primers used to initiate DNA synthesis are complemen 
tary or identical to a sequence of the one or more adaptors. 
0164. Cycling Probe Technology 
0.165 Cycling probe technology (CPT) is a nucleic acid 
detection system based on signal or probe amplification 
rather than target nucleic acid amplification, such as is done in 
polymerase chain reactions (PCR). Cycling probe technology 
relies on a molar excess of labeled probe which contains a 
scissile linkage of RNA. Upon hybridization of the probe to 
the target, the resulting hybrid contains a portion of RNA: 
DNA. This area of RNA:DNA duplex is recognized by 
RNAseHand the RNA is excised, resulting in cleavage of the 
probe. The probe now consists of two smaller sequences 
which may be released, thus leaving the target intact for 
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repeated rounds of the reaction. The unreacted probe is 
removed and the label is then detected. CPT is generally 
described in U.S. Pat. Nos. 5,011,769, 5,403,711, 5,660,988, 
and 4,876,187, and PCT published applications WO 
95/05480, WO95/1416, and WO95/00667, all of which are 
specifically incorporated herein by reference. 
0166 Branched DNA Signal Amplification 
0167 “Branched DNA” signal amplification relies on the 
synthesis of branched nucleic acids, containing a multiplicity 
of nucleic acid'arms” that function to increase the amount of 
label that can be put onto one probe. This technology is 
generally described in U.S. Pat. Nos. 5,681,702, 5,597,909, 
5,545,730, 5,594,117, 5,591584, 5,571,670, 5,580,731, 
5,571,670, 5,591584, 5,624,802, 5,635,352, 5,594,118, 
5,359,100, 5,124,246 and 5,681,697, all of which are hereby 
incorporated by reference. 
(0168 Dendrimers 
0169. Similarity, dendrimers of nucleic acids serve to 
vastly increase the amount of label that can be added to a 
single molecule, using a similar idea but different composi 
tions. This technology is as described in U.S. Pat. No. 5,175, 
270. 
0170 Polymerase Chain Reaction Amplification 
0171 In one embodiment, the amplification technique is 
PCR. The polymerase chain reaction (PCR) is widely used 
and described, and involves the use of primer extension com 
bined with thermal cycling to amplify a target sequence; see 
U.S. Pat. No. 4,683,195 and, and PCR Essential Data, J. W. 
Wiley & sons, Ed. C. R. Newton, 1995, all of which are 
incorporated by reference. In addition, there are a number of 
variations of PCR which also find use in the invention, includ 
ing “quantitative competitive PCR or “QC-PCR”, “arbi 
trarily primed PCR or “AP-PCR”, “immuno-PCR”, “Alu 
PCR, 'PCR single strand conformational polymorphism’ or 
“PCR-SSCP”, “reverse transcriptase PCR” or “RT-PCR, 
“biotin capture PCR”, “vectorette PCR”, “panhandle PCR, 
and “PCR select cDNA subtraction”, “allele-specific PCR, 
among others. In some embodiments, PCR is not preferred. 
0172 Nucleic Acid Sequence Based Amplification and 
Transcription Mediated Amplification 
0173 Nucleic acid sequence based amplification 
(NASBA) is generally described in U.S. Pat. No. 5,409,818 
and “Profiting from Gene-based Diagnostics, CTB Interna 
tional Publishing Inc., N.J., 1996, both of which are incorpo 
rated by reference. NASBA is very similar to both TMA and 
QBR. Transcription mediated amplification (TMA) is gener 
ally described in U.S. Pat. Nos. 5,399,491, 5,888,779, 5,705, 
365, 5,710,029, all of which are incorporated by reference. 
The main difference between NASBA and TMA is that 
NASBA utilizes the addition of RNASe H to effect RNA 
degradation, and TMA relies on inherent RNAse Hactivity of 
the reverse transcriptase. 
0.174. In general, these techniques involve the use of three 
enzymes: reverse transcriptase, T7 RNA polymerase, and 
RNase H; and the final amplification product is single 
stranded RNA with a polarity opposite that of the target. The 
amplified RNA product can be detected using methods 
known in the art, for example through the use of a target 
specific capture probe bound to magnetic particles in con 
junction with a ruthenium-labeled detector probe and an 
instrument (NucliSens Reader; bioMerieux) capable of mea 
Suring electrochemiluminescence (ECL). Alternatively, poly 
nucleotides amplified by NASBA can specifically be detected 
in real time through the use of molecular beacon probes 

Jul. 17, 2008 

included in the amplification reaction. Molecular beacon 
probes possess a 5' fluorescent dye and a 3 quencher molecule 
(typically, 4-dimethylaminophenylazobenzoyl DABCYL) 
and are designed to form stem-loop structures that bring into 
close proximity the 5' and 3' ends of the probe, resulting in 
minimal fluorescence. In the presence of a complementary 
target sequence, the probe will hybridize to the target, sepa 
rating the reporter dye from the quencher, resulting in a mea 
Surable increase in fluorescence. These techniques generally 
result in a single starting RNA template generating a single 
DNA duplex. This DNA duplex results in the creation of 
multiple RNA strands, which can then be used to initiate the 
reaction again, and amplification thus proceeds rapidly. 
(0175 Single Base Extension (SBE) 
0176). In a preferred embodiment, single base extension 
(SBE; sometimes referred to as “minisequencing) is used for 
amplification. It should also be noted that SBE finds use in 
sequencing and genotyping applications, as is described 
below. Briefly, SBE is a technique that utilizes an extension 
primer that hybridizes to the target nucleic acid. A poly 
merase (generally a DNA polymerase) is used to extend the 3' 
end of the primer with a nucleotide analog labeled a detection 
label as described herein. Based on the fidelity of the enzyme, 
a nucleotide is only incorporated into the extension primer if 
it is complementary to the adjacent base in the target Strand. 
Generally, the nucleotide is derivatized such that no further 
extensions can occur, so only a single nucleotide is added. 
However, for amplification reactions, this may not be neces 
sary. Once the labeled nucleotide is added, detection of the 
label proceeds as described herein. Seegenerally Sylvanen et 
al., Genomics 8:684-692 (1990); U.S. Pat. Nos. 5,846,710 
and 5,888,819; Pastinen et al., Genomics Res. 7(6):606-614 
(1997); all of which are expressly incorporated herein by 
reference. 
0177 Oligonucleotide Ligation Amplification (OLA) 
0178. In one embodiment, OLA is used to amplify poly 
nucleotide molecules. OLA is referred to as the ligation chain 
reaction (LCR) when two-stranded substrates are used, 
involves the ligation of two smaller probes into a single long 
probe, using the target sequence as the template. In LCR, the 
ligated probe product becomes the predominant template as 
the reaction progresses. The method can be run in two differ 
ent ways; in a first embodiment, only one Strand of a target 
sequence is used as a template for ligation; alternatively, both 
strands may be used. See generally U.S. Pat. Nos. 5,185.243, 
5,679,524 and 5,573,907; EP 0320308 B1; EP 0336 731 B1; 
EP 0 439 182 B1; WO 90/01069, WO 89/12696; WO 
97/31256; and WO 89/09835, and U.S. Ser. Nos. 60/078,102 
and 60/073,011, all of which are orated by reference. 
0179. In a preferred embodiment, the single-stranded tar 
get sequence comprises a first target domain and a second 
target domain, which are adjacent and contiguous. A first 
OLA primer and a second OLA primer nucleic acids are 
added, that are Substantially complementary to their respec 
tive target domain and thus will hybridize to the target 
domains. These target domains may be directly adjacent, i.e. 
contiguous, or separated by a number of nucleotides. If they 
are non-contiguous, nucleotides are added along with means 
to join nucleotides, such as a polymerase, that will add the 
nucleotides to one of the primers. The two OLA primers are 
then covalently attached, for example using a ligase enzyme 
Such as is known in the art, to form a modified primer. This 
forms a first hybridization complex comprising the ligated 
probe and the target sequence. This hybridization complex is 
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then denatured (disassociated), and the process is repeated to 
generate a pool of ligated probes. 
0180. In a preferred embodiment, OLA is done for two 
Strands of a double-stranded target sequence. The target 
sequence is denatured, and two sets of probes are added: one 
set as outlined above for one Strand of the target, and a 
separate set (i.e. third and fourth primer probe nucleic acids) 
for the other strand of the target. In a preferred embodiment, 
the first and third probes will hybridize, and the second and 
fourth probes will hybridize, such that amplification can 
occur. That is, when the first and second probes have been 
attached, the ligated probe can now be used as a template, in 
addition to the second target sequence, for the attachment of 
the third and fourth probes. Similarly, the ligated third and 
fourth probes will serve as a template for the attachment of the 
first and second probes, in addition to the first target Strand. In 
this way, an exponential, rather than just a linear, amplifica 
tion can occur. 
0181 Chemical Ligation Techniques 
0182. A variation of ligase chain reaction (LCR) utilizes a 
“chemical ligation of sorts, as is generally outlined in U.S. 
Pat. Nos. 5,616,464 and 5,767,259, both of which are hereby 
incorporated by reference in their entirety. In this embodi 
ment, similar to enzymatic ligation, a pair of primers are 
utilized, wherein the first primer is substantially complemen 
tary to a first domain of the target and the second primer is 
Substantially complementary to an adjacent second domain of 
the target (although, as for enzymatic ligation, if a 'gap' 
exists, a polymerase and dNTPs may be added to “fill in the 
gap). Each primer has a portion that acts as a “side chain' that 
does not bind the target sequence and instead acts as one half 
of a stem structure that interacts non-covalently through 
hydrogen bonding, salt bridges, van der Waal's forces, etc. 
Preferred embodiments utilize substantially complementary 
nucleic acids as the side chains. Thus, upon hybridization of 
the primers to the target sequence, the side chains of the 
primers are brought into spatial proximity, and, if the side 
chains comprise nucleic acids as well, these can form side 
chain hybridization complexes. 
0183 At least one of the side chains of the primers com 
prises an activatable cross-linking agent, generally covalently 
attached to the side chain, which, upon activation, results in a 
chemical cross-link or chemical ligation. The activatable 
group may comprise any moiety that will allow cross-linking 
of the side chains, and include groups activated chemically, 
photonically and thermally, with photoactivatable groups 
being preferred. In some embodiments a single activatable 
group on one of the side chains is enough to result in cross 
linking via interaction to a functional group on the other side 
chain; in alternate embodiments, activatable groups are 
required on each side chain. 
0184. Once the hybridization complex is formed, and the 
cross-linking agent has been activated Such that the primers 
have been covalently attached, the reaction is subjected to 
conditions to allow for the disassociation of the hybridization 
complex, thus freeing the target to serve as a template for the 
next ligation or cross-linking. In this way, signal amplifica 
tion occurs, and can be detected as described further herein. 
0185. Invasive Cleavage Techniques 
0186. In one embodiment, invasive cleavage technology is 
used to amplify polynucleotide molecules. This technology is 
described in a number of patents and patent applications, 
including U.S. Pat. Nos. 5,846,717: 5,614.402; 5,719,028; 
5,541,311; and 5,843,669, all of which are hereby incorpo 
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rated by reference in their entirety. Invasive cleavage technol 
ogy is based on structure-specific nucleases that cleave 
nucleic acids in a site-specific manner. Two probes are used: 
an “invader' probe and a “signaling probe. Both probes 
adjacently hybridize to a target sequence with overlap. For 
mismatch discrimination, the invader technology relies on 
complementarity at the overlap position where cleavage 
occurs. The enzyme cleaves at the overlap, and releases the 
“tail” which may or may not be labeled. This “tail can then 
be detected. As described herein, many label probes known in 
the art can be used in accordance with this aspect of the 
invention. 

Disposition of Concatemers and Circularized DNA Mol 
ecules on a Surface 

0187. In a preferred aspect, polynucleotide molecules, 
including concatemers and circularized DNA molecules, are 
disposed on a surface to form a random array of single mol 
ecules. Polynucleotide molecules can be fixed to surface by a 
variety oftechniques, including covalent attachment and non 
covalent attachment. In one embodiment a surface may 
include capture probes that form complexes, e.g., double 
Stranded duplexes, with component of a polynucleotide mol 
ecule. Such as an adaptor oligonucleotide. In other embodi 
ments, capture probes may comprise oligonucleotide clamps, 
or like structures, that form triplexes with adaptors, as 
described in Gryaznov etal, U.S. Pat. No. 5,473,060, which is 
hereby incorporated in its entirety. 
0188 Inanother embodiment, a surface may have reactive 
functionalities that react with complementary functionalities 
on the polynucleotide molecules to form a covalent linkage, 
e.g., by way of the same techniques used to attach cDNAS to 
microarrays, e.g., Smimov et al (2004), Genes, Chromo 
somes & Cancer, 40: 72-77; Beaucage (2001), Current 
Medicinal Chemistry, 8: 1213-1244, which are incorporated 
herein by reference. Long DNA molecules, e.g., several hun 
dred nucleotides or larger, may also be efficiently attached to 
hydrophobic Surfaces, such as a clean glass Surface that has a 
low concentration of various reactive functionalities, such as 
—OH groups. Attachment through covalent bonds formed 
between the polynucleotide molecules and reactive function 
alities on the surface is also referred to herein as “chemical 
attachment'. 
0189 In still another embodiment, polynucleotide mol 
ecules can adsorb to a surface. In Such an embodiment, the 
polynucleotide molecules are immobilized through non-spe 
cific interactions with the Surface, or through non-covalent 
interactions such as hydrogen bonding, van der Waals forces, 
and the like. 
0.190 Attachment may also include wash steps of varying 
stringencies to remove incompletely attached single mol 
ecules or other reagents present from earlier preparation steps 
whose presence is undesirable or that are nonspecifically 
bound to surface. 
0191 Upon attachment to a surface, single stranded poly 
nucleotides generally fill a flattened spheroidal volume that 
on average is bounded by a region which is approximately 
equivalent to the diameter of a concatemer in random coil 
configuration. How compact a single stranded polynucleotide 
is once disposed on a Surface can be affected by a number of 
factors, including the attachment chemistry used, the density 
of linkages between the polynucleotide and the surface, the 
nature of the Surface, and the like. Preserving the compact 
form of the macromolecular structure of polynucleotides (in 



US 2008/0171331 A1 

cluding concatemers, target polynucleotides, and target 
sequences) on a surface can increase the signal to noise ratio, 
for example, a compact concatemer can result in a more 
intense signal from probes, (e.g., fluorescently labeled oligo 
nucleotides) that are specifically directed to components of 
the concatemer. 

0.192 One measure of the size of a random coil polymer, 
Such as single stranded DNA, is a root mean square of the 
end-to-end distance, which is roughly a measure of the diam 
eter of the randomly coiled structure. Such diameter, referred 
to herein as a “random coil diameter.” can be measured by 
light scatter, using instruments. Such as a Zetasizer Nano 
System (Malvern Instruments, UK), or like instrument. Addi 
tional size measures of macromolecular structures of the 
invention include molecular weight, e.g., in Daltons, and total 
polymer length, which in the case of a branched polymer is 
the sum of the lengths of all its branches. 
0193 In one aspect, as illustrated in FIG. 17, macromo 
lecular structures, e.g., concatemers, and the like, are attached 
to a surface (1702) within a region that is substantially equiva 
lent to a projection of its random coil state onto Surface 
(1702), for example, as illustrated by dashed circles (1708). 
An area occupied by a macromolecular structure can vary, so 
that in some embodiments, an expected area may be within 
the range of from 2-3 times the area of projection (1708) to 
Some fraction of Such area, e.g., 25-50 percent. As discussed 
herein, preserving the compact form of the macromolecular 
structure on the Surface allows a more intense signal to be 
produced by probes, such as fluorescently labeled oligonucle 
otides, which are specifically directed to components of a 
macromolecular structure or concatemer. The size of diam 
eter (1710) of regions (1707) and distance (1706) to the 
nearest neighbor region containing a single molecule are two 
quantities of interest in the fabrication of arrays. 
0.194. A variety of distance metrics may be employed for 
measuring the closeness of single molecules on a surface, 
including center-to-center distance of regions, edge-to-edge 
distance of regions, and the like. Usually, center-to-center 
distances are employed herein. The selection of these param 
eters in fabricating arrays of the invention depends in part on 
the signal generation and detection systems used in the ana 
lytical processes. Generally, densities of single molecules are 
selected that permit at least thirty percent, or at least fifty 
percent, or at least a majority of the molecules to be resolved 
individually by the signal generation and detection systems 
used. In one aspect, a density is selected that permits at least 
seventy percent of the single molecules to be individually 
resolved. In one embodiment, Scanning electron microscopy 
is employed, for example, with molecule-specific probes hav 
ing gold nanoparticle labels, e.g., Nie et al (2006), Anal. 
Chem., 78: 1528-1534, which is incorporated by reference. In 
Such an embodiment a density is selected Such that at least a 
majority of single molecules have a nearest neighbor distance 
of 50 nm or greater, and in another aspect, Such density is 
selected to ensure that at least seventy percent of single mol 
ecules have a nearest neighbor distance of 100 nm or greater. 
In another embodiment, optical microscopy is employed, for 
example with molecule-specific probes having fluorescent 
labels, a density is selected Such that at least a majority of 
single molecules have a nearest neighbor distance of 200 nm 
or greater. In still another embodiment, a density is selected to 
ensure that at least seventy percent of single molecules have a 
nearest neighbordistance of 200 nm or greater. In still another 
embodiment, optical microscopy is employed, for example 
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with molecule-specific probes having fluorescent labels, and 
in this embodiment a density is selected Such that at least a 
majority of single molecules have a nearest neighbor distance 
of 300 nm or greater; in a further embodiment, such density is 
selected to ensure that at least seventy percent of single mol 
ecules have a nearest neighbor distance of 300 nm or greater, 
or 400 nm or greater, or 500 nm or greater, or 600 nm or 
greater, or 700 nm or greater, or 800 nm or greater. In still 
another embodiment in which optical microscopy is used, a 
density is selected Such that at least a majority of single 
molecules have a nearest neighbor distance of at least twice 
the minimal feature resolution power of the microscope. In 
another aspect, polymer molecules (including polynucle 
otides, concatemers, target polynucleotides, and other poly 
nucleotide molecules discussed herein) of the invention are 
disposed on a surface so that the density of separately detect 
able polymer molecules is at least 1000 perum, or at least 
10,000 perum, or at least 100,000 perum. 
0.195. In one aspect, polynucleotide molecules on a sur 
face are confined to an area of a discrete region. Discrete 
regions may be incorporated into a surface using methods 
known in the art and described further herein. In a preferred 
embodiment, discrete regions contain reactive functionalities 
or capture probes which can be used to immobilize the poly 
nucleotide molecules. 

0196. The discrete regions may have defined locations in a 
regular array, which may correspond to a rectilinear pattern, 
hexagonal pattern, or the like. A regular array of such regions 
is advantageous for detection and data analysis of signals 
collected from the arrays during an analysis. Also, first- and/ 
or second-stage amplicons confined to the restricted area of a 
discrete region provide a more concentrated or intense signal, 
particularly when fluorescent probes are used in analytical 
operations, thereby providing higher signal-to-noise values. 
Amplicons of target polynucleotides are randomly distrib 
uted on the discrete regions so that a given region is equally 
likely to receive any of the different single molecules. In other 
words, the resulting arrays are not spatially addressable 
immediately upon fabrication, but may be made so by carry 
ing out an identification, sequencing and/or decoding opera 
tion. As such, the identities of the polynucleotide molecules 
of the invention disposed on a Surface are discernable, but not 
initially known upon their disposition on the Surface. 
0197) One embodiment in which discrete regions are used 
in the disposition of polynucleotide molecules on a Surface is 
illustrated in FIG. 13. In this embodiment, the requirement of 
selecting densities of randomly disposed single molecules to 
ensure desired nearest neighbor distances is obviated by pro 
viding discrete regions on a Surface, and these discrete 
regions are substantially the only sites for attaching single 
molecules to a Surface. In a preferred embodiment molecules 
are directed to the discrete regions, because the areas between 
the discrete regions, referred to herein as “inter-regional 
areas.” are inert, in the sense that concatemers, or other mac 
romolecular structures, do not bind to Such regions. In some 
embodiments, such inter-regional areas may be treated with 
blocking agents, e.g., DNAS unrelated to concatemer DNA, 
other polymers, and the like. 
0198 One embodiment of the invention in which discrete 
regions are utilized is illustrated in FIG. 18. Isolated concate 
mers or amplicons (1814) are then applied to surface (1820) 
that has a regular array of discrete regions (1822) that each 
have a nearest neighbor distance (1824) that is determined by 
the design and fabrication of surface (1820). Arrays of dis 
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crete regions (1822) having micron and Submicron dimen 
sions for derivatizing with capture oligonucleotides or reac 
tive functionalities can be fabricated using conventional 
semiconductor fabrication techniques, including electron 
beam lithography, nano imprint technology, photolithogra 
phy, and the like. Generally, the area of discrete regions 
(1822) is selected, along with attachment chemistries, mac 
romolecular structures employed, and the like, to correspond 
to the size of single molecules of the invention so that when 
single molecules are applied to surface (1820) substantially 
every region (1822) is occupied by no more than one single 
molecule. 

0199 The likelihood of having only one single molecule 
per discrete region may be increased by selecting a density of 
reactive functionalities or capture oligonucleotides that 
results in fewer such moieties than their respective comple 
ments on single molecules. Thus, a single molecule will 
“occupy all linkages to the Surface at a particular discrete 
region, thereby reducing the chance that a second single mol 
ecule will also bind to the same region. In particular, in one 
embodiment, Substantially all the capture oligonucleotides in 
a discrete region hybridize to adaptor oligonucleotides in a 
single macromolecular structure. In a further embodiment, a 
discrete region contains a number of reactive functionalities 
or capture oligonucleotides that is from about ten percent to 
about fifty percent of the number of complementary function 
alities or adaptor oligonucleotides of a single molecule. 
0200. The length and sequence(s) of capture oligonucle 
otides may vary widely, and may be selected in accordance 
with well known principles, e.g., Wetmur, Critical Reviews in 
Biochemistry and Molecular Biology, 26: 227-259 (1991); 
Britten and Davidson, chapter 1 in Hames et al, editors, 
Nucleic Acid Hybridization: A Practical Approach (IRL 
Press, Oxford, 1985). In one embodiment, the lengths of 
capture oligonucleotides are in a range of from about 6 to 
about 50 nucleotides, in a further embodiment, the lengths of 
capture oligonucleotides are in a range of from about 8 to 
about 30 nucleotides; in a still further embodiment, the 
lengths are from about 10 to about 24 nucleotides. Lengths 
and sequences of capture oligonucleotides are selected (i) to 
provide effective binding of macromolecular structures to a 
Surface, so that losses of macromolecular structures are mini 
mized during steps of analytical operations, such as washing, 
etc., and (ii) to avoid interference with analytical operations 
on analyte molecules, particularly when analyte molecules 
are DNA fragments in a concatemer. 
0201 In regard to providing effective binding of macro 
molecular structures to a surface, in accordance with one 
aspect of the invention, sequences and lengths are selected to 
provide duplexes between capture oligonucleotides and their 
complements that are sufficiently stable so that they do not 
dissociate in a stringent wash. 
0202 In regard to avoiding interference with analytical 
molecules, if DNA fragments are from a particular species of 
organism, then databases, when available, may be used to 
screen potential capture sequences that may form spurious or 
undesired hybrids with DNA fragments. 
0203 Other factors in selecting sequences for capture oli 
gonucleotides are similar to those considered in selecting 
primers, hybridization probes, oligonucleotide tags, and the 
like, for which there is ample guidance in the art. 
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0204. In some embodiments, a discrete region may con 
tain more than one kind of capture oligonucleotide, and each 
different capture oligonucleotide may have a different length 
and sequence. 
0205. In one aspect of the invention, regular arrays of 
discrete regions are employed, and sequences of capture oli 
gonucleotides are selected so that the sequences of capture 
oligonucleotide at nearest neighbor regions have different 
sequences. In a rectilinear array, Such configurations are 
achieved by establishing rows of alternating sequence types. 
In one embodiment, a Surface may have a plurality of Subar 
rays of discrete regions wherein each different Subarray has 
capture oligonucleotides with distinct nucleotide sequences 
different from those of the other subarrays. A plurality of 
Subarrays may include 2 Subarrays, or 4 or fewer Subarrays, or 
8 or fewer subarrays, or 16 or fewer subarrays, or 32 or fewer 
subarrays, or 64 of fewer subarrays. In still another embodi 
ment, a surface may include 5000 or fewer subarrays. 
0206. In one aspect, capture probes are attached to the 
Surface of an array by a spacer molecule, e.g., polyethylene 
glycol, or like inert chain, as is done with microarrays, in 
order to minimize undesired affects of Surface groups or 
interactions with the capture oligonucleotides or other 
reagents. 
0207. In another aspect, if enzymatic processing is not 
required, capture oligonucleotides may comprise non-natural 
nucleosidic units and/or linkages that confer favorable prop 
erties, such as increased duplex stability. Such compounds 
include, but not limited to, peptide nucleic acids (PNAS), 
locked nucleic acids (LNA), oligonucleotide N3'->P5' phos 
phoramidates, oligo-2'-O-alkylribonucleotides, and the like. 
0208. In one aspect, the area of discrete regions (1822) is 
less than 1 um; and in another aspect, the area of discrete 
regions (1822) is in the range of from 0.04 um to 1 um; and 
in still another aspect, the area of discrete regions (1822) is in 
the range of from 0.2 Lum to 1 Lum. In another aspect, when 
discrete regions are approximately circular or square in shape 
so that their sizes can be indicated by a single linear dimen 
Sion, the size of such regions are in the range of from 125 nm 
to 250 nm, or in the range of from 200 nm to 500 nm. In one 
aspect center-to-center distances of nearest neighbors of 
regions (1824) are in the range of from 0.25um to 20 um; and 
in another aspect, Such distances are in the range of from 1 LM 
to 10 um, or in the range from 50 to 1000 nm. Generally, 
discrete regions are designed Such that a majority of the 
discrete regions on a Surface are optically resolvable. In one 
aspect, regions (1822) may be arranged on surface (1820) in 
virtually any pattern in which regions (1822) have defined 
locations, i.e. in any regular array, which makes signal col 
lection and data analysis functions more efficient. Such pat 
terns include, but are not limited to, concentric circles of 
regions, spiral patterns, rectilinear patterns, hexagonal pat 
terns, and the like. Preferably, regions (1822) are arranged in 
a rectilinear or hexagonal pattern (1820). 
0209 
0210 A wide variety of supports may be used with the 
compositions and methods of the invention to form random 
arrays. In one aspect, Supports are rigid solids that have a 
Surface, preferably a Substantially planar Surface so that 
single molecules to be interrogated are in the same plane. The 
latter feature permits efficient signal collection by detection 
optics, for example. In another aspect, the Support comprises 
beads, wherein the surface of the beads comprise reactive 

Supports and Surfaces of the Invention 
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functionalities or capture probes that can be used to immobi 
lize polynucleotide molecules. 
0211. In still another aspect, solid supports of the inven 
tion are nonporous, particularly when random arrays of single 
molecules are analyzed by hybridization reactions requiring 
Small Volumes. Suitable solid Support materials include mate 
rials such as glass, polyacrylamide-coated glass, ceramics, 
silica, silicon, quartz, various plastics, and the like. In one 
aspect, the area of a planar Surface may be in the range of from 
0.5 to 4 cm. In one aspect, the solid support is glass or quartz, 
Such as a microscope slide, having a surface that is uniformly 
silanized. This may be accomplished using conventional pro 
tocols, e.g., acid treatment followed by immersion in a solu 
tion of 3-glycidoxypropyl trimethoxysilane, N,N-diisopro 
pylethylamine, and anhydrous xylene (8:1:24 V/v) at 80°C., 
which forms an epoxysilanized surface. e.g., Beattie et al 
(1995), Molecular Biotechnology, 4: 213. Such a surface is 
readily treated to permit end-attachment of capture oligo 
nucleotides, e.g., by providing capture oligonucleotides with 
a 3' or 5' triethylene glycol phosphoryl spacer (see Beattie et 
al, cited above) prior to application to the surface. Further 
embodiments for functionalizing and further preparing Sur 
faces for use in the present invention are described in U.S. 
patent application Ser. No. 1 1/451,691. 
0212. In embodiments of the invention in which patterns 
of discrete regions are required, photolithography, electron 
beam lithography, nano imprint lithography, and nano print 
ing may be used to generate such patterns on a wide variety of 
surfaces, e.g., Pirrung etal, U.S. Pat. No. 5,143,854; Fodoret 
al, U.S. Pat. No. 5,774,305; Guo, (2004) Journal of Physics D: 
Applied Physics, 37: R123-141; which are incorporated 
herein by reference. 
0213. In one aspect, Surfaces containing a plurality of dis 
crete regions are fabricated by photolithography. A commer 
cially available, optically flat, quartz. Substrate is spin coated 
with a 100-500 nm thick layer of photo-resist. The photo 
resist is thenbaked on to the quartz. Substrate. An image of a 
reticle with a pattern of regions to be activated is projected 
onto the Surface of the photo-resist, using a stepper. After 
exposure, the photo-resist is developed, removing the areas of 
the projected pattern which were exposed to the UV source. 
This is accomplished by plasma etching, a dry developing 
technique capable of producing very fine detail. The Substrate 
is then baked to strengthen the remaining photo-resist. After 
baking, the quartz wafer is ready for functionalization. The 
wafer is then subjected to vapor-deposition of 3-aminopro 
pyldimethylethoxysilane. The density of the amino function 
alized monomer can be tightly controlled by varying the 
concentration of the monomer and the time of exposure of the 
Substrate. Only areas of quartz exposed by the plasma etching 
process may react with and capture the monomer. The Sub 
strate is then baked again to cure the monolayer of amino 
functionalized monomer to the exposed quartz. After baking, 
the remaining photo-resist may be removed using acetone. 
Because of the difference in attachment chemistry between 
the resist and silane, aminosilane-functionalized areas on the 
Substrate may remain intact through the acetone rinse. These 
areas can be further functionalized by reacting them with 
p-phenylenediisothiocyanate in a solution of pyridine and 
N N-dimethylformamide. The substrate is then capable of 
reacting with amine-modified oligonucleotides. Alterna 
tively, oligonucleotides can be prepared with a 5'-carboxy 
modifier-c10 linker (Glen Research). This technique allows 
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the oligonucleotide to be attached directly to the amine modi 
fied Support, thereby avoiding additional functionalization 
steps. 
0214. In another aspect, Surfaces containing a plurality of 
discrete regions are fabricated by nano-imprint lithography 
(NIL). For DNA array production, a quartz substrate is spin 
coated with a layer of resist, commonly called the transfer 
layer. A second type of resist is then applied over the transfer 
layer, commonly called the imprint layer. The master imprint 
tool then makes an impression on the imprint layer. The 
overall thickness of the imprint layer is then reduced by 
plasma etching until the low areas of the imprint reach the 
transfer layer. Because the transfer layer is harder to remove 
than the imprint layer, it remains largely untouched. The 
imprint and transfer layers are then hardened by heating. The 
Substrate is then put into a plasma etcher until the low areas of 
the imprint reach the quartz. The substrate is then derivatized 
by vapor deposition as described above. 
0215. In another aspect, Surfaces containing a plurality of 
discrete regions are fabricated by nano printing. This process 
uses photo, imprint, or e-beam lithography to create a master 
mold, which is a negative image of the features required on 
the print head. Print heads are usually made of a soft, flexible 
polymer such as polydimethylsiloxane (PDMS). This mate 
rial, or layers of materials having different properties, are spin 
coated onto a quartz. Substrate. The mold is then used to 
emboss the features onto the top layer of resist material under 
controlled temperature and pressure conditions. The print 
head is then subjected to a plasma based etching process to 
improve the aspect ratio of the print head, and eliminate 
distortion of the print head due to relaxation over time of the 
embossed material. Random array Substrates are manufac 
tured using nano-printing by depositing a pattern of amine 
modified oligonucleotides onto a homogenously derivatized 
Surface. These oligonucleotides would serve as capture 
probes for the RCR products. One potential advantage to 
nano-printing is the ability to print interleaved patterns of 
different capture probes onto the random array Support. This 
would be accomplished by Successive printing with multiple 
print heads, each head having a differing pattern, and all 
patterns fitting together to form the final structured Support 
pattern. Such methods allow for Some positional encoding of 
DNA elements within the random array. For example, control 
concatemers containing a specific sequence can be bound at 
regular intervals throughout a random array. 
0216. In still another aspect, a high density array of cap 
ture oligonucleotide spots of Sub micron size is prepared 
using a printing head or imprint-master prepared from a 
bundle, or bundle of bundles, of about 10,000 to 100 million 
optical fibers with a core and cladding material. By pulling 
and fusing fibers a unique material is produced that has about 
50-1000 nm cores separated by a similar or 2-5 fold smaller or 
larger size cladding material. By differential etching (dissolv 
ing) of cladding material a nano-printing head is obtained 
having a very large number of nano-sized posts. This printing 
head may be used for depositing oligonucleotides or other 
biological (proteins, oligopeptides, DNA, aptamers) or 
chemical compounds such as silane with various active 
groups. In one embodiment the glass fiber tool is used as a 
patterned Support to deposit oligonucleotides or other bio 
logical or chemical compounds. In this case only posts cre 
ated by etching may be contacted with material to be depos 
ited. Also, a flat cut of the fused fiber bundle may be used to 
guide light through cores and allow light-induced chemistry 
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to occur only at the tip surface of the cores, thus eliminating 
the need for etching. In both cases, the same Support may then 
be used as a light guiding/collection device for imaging fluo 
rescence labels used to tag oligonucleotides or other reac 
tants. This device provides a large field of view with a large 
numerical aperture (potentially > 1). Stamping or printing 
tools that perform active material or oligonucleotide deposi 
tion may be used to print 2 to 100 different oligonucleotides 
in an interleaved pattern. This process requires precise posi 
tioning of the print head to about 50-500 nm. This type of 
oligonucleotide array may be used for attaching 2 to 100 
different DNA populations such as different source DNA. 
They also may be used for parallel reading from sub-light 
resolution spots by using DNA specific anchors or tags. Infor 
mation can be accessed by DNA specific tags, e.g., 16 specific 
anchors for 16 DNAs and read 2 bases by a combination of 
5-6 colors and using 16 ligation cycles or one ligation cycle 
and 16 decoding cycles. This way of making arrays is efficient 
if limited information (e.g., a Small number of cycles) is 
required per fragment, thus providing more information per 
cycle or more cycles per Surface. 
0217. In one embodiment “inert' concatemers are used to 
prepare a surface for attachment of test concatemers. The 
Surface is first covered by capture oligonucleotides comple 
mentary to the binding site present on two types of synthetic 
concatemers; one is a capture concatemer, the other is a 
spacer concatemer. The spacer concatemers do not have DNA 
segments complementary to the adapter used in preparation 
of test concatemers and they are used in about 5-50, prefer 
ably 10x excess to capture concatemers. The surface with 
capture oligonucleotide is “saturated with a mix of synthetic 
concatemers (prepared by chain ligation or by RCR) in which 
the spacer concatemers are used in about 10-fold (or 5 to 
50-fold) excess to capture concatemers. Because of the 10:1 
ratio between spacer and capture concatemers, the capture 
concatemers are mostly individual islands in a sea of spacer 
concatemers. The 10:1 ratio provides that two capture con 
catemers are on average separated by two spacer concatem 
ers. If concatemers are about 200 nm in diameter, then two 
capture concatemers are at about 600 nm center-to-center 
spacing. This Surface is then used to attach test concatemers 
or other molecular structures that have a binding site comple 
mentary to a region of the capture concatemers but not present 
on the spacer concatemers. Capture concatemers may be pre 
pared to have less copies than the number of binding sites in 
test concatemers to assure single test concatemer attachment 
per capture concatemer spot. Because the test DNA can bind 
only to capture concatemers, an array of test concatemers 
may be prepared that have high site occupancy without con 
gregation. Due to random attachment, Some areas on the 
Surface may not have any concatemers attached, but these 
areas with free capture oligonucleotide may not be able to 
bind test concatemers since they are designed not to have 
binding sites for the capture oligonucleotide. An array of 
individual test concatemers as described would not be 
arranged in a grid pattern. An ordered grid pattern should 
simplify data collection because less pixels are needed and 
less Sophisticated image analysis systems are needed also. 
0218. In one aspect, multiple arrays of the invention may 
be placed on a single surface. For example, patterned array 
substrates may be produced to match the standard 96 or 384 
well plate format. A production format can be an 8x12 pattern 
of 6 mmx6 mm arrays at 9 mm pitch or 16x24 of 3.33 
mmx3.33 mm array at 4.5 mm pitch, on a single piece of glass 
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or plastic and other optically compatible material. In one 
example each 6 mmx6 mm array consists of 36 million 250 
500 nm square regions at 1 micrometer pitch. Hydrophobic or 
other surface or physical barriers may be used to prevent 
mixing different reactions between unit arrays. 
0219. In a preferred aspect, sites on a surface in which 
polynucleotide molecules of the invention are disposed are 
Surrounded by inter-regional areas which are inert. In Such an 
aspect, non-specific binding in the inter-regional areas is 
minimized by controlling the physical and chemical features 
of these inter-regional areas. Methods for establishing such 
inert inter-regional areas are well known in the art. For 
example, the inter-regional areas may be prepared with hex 
amethyldisilaZane (HNDS), or a similar agent covalently 
bonded to the surface, to be hydrophobic and hence unsuit 
able to hydrophilic bonding of the DNA samples. Similarly, 
the inter-regional areas may be coated with a chemical agent 
Such as a fluorine-based carbon compound that renders the 
areas unreactive to DNA samples. 
0220. In another aspect of the invention, random arrays are 
prepared using nanometer-sized beads. Sub-micron glass or 
other types of beads (e.g., in the 20-50 nm range) are used 
which are derivatized with a short oligonucleotide, e.g., 6-30 
nucleotides, complementary to an adaptor oligonucleotide in 
the circles used to generate concatemers. The number of 
oligonucleotides on the bead and the length of the sequence 
can be controlled to weakly bind the concatemers in solution. 
In one embodiment, the density of capture probes can be 
controlled through the use of shorter oligonucleotides that 
have the same attachment chemistry with the capture probe. 
Also, much smaller nano-beads (20-50 nm) can be used in 
accordance with this aspect of the invention. After binding 
concatemers, the beads can be allowed to settle on the surface 
of an array Substrate. Array conditions may be selected to 
permit preferential binding to the Surface, thereby forming a 
spaced array of concatemers. If the beads are magnetic, a 
magnetic field can be used to pull the beads to the Surface and 
may also be used to move them around the Surface. Alterna 
tively, a centrifuge may be used to concentrate the beads on 
the surface. In still another embodiment, horizontal or tilting 
movements of the surface can be used to move beads from the 
inter-regional areas to settle in discrete regions manufactured 
into the surface as described herein. 

Methods of Identifying Nucleotide Sequence 

0221. In a preferred aspect, random arrays of the invention 
are used to identify a nucleotide sequence of one or more 
target polynucleotides. As discussed herein target polynucle 
otides may be in the form of concatemers, may be linear or 
circular, and will generally contain one or more target 
sequences, where the target sequences in a preferred embodi 
ment comprise one or more fragments of the target polynucle 
otide and are generally shorter in length than the target poly 
nucleotide. 

0222 Target sequences can in turn comprise different tar 
get domains; for example, a first target domain of the sample 
target sequence may hybridize to a capture probe and a sec 
ond target domain may hybridize to a label probe, etc. The 
target domains may be adjacent to each other or separated 
(such as by an adaptor) as indicated. Unless specified, the 
terms “first and “second are not meant to confer an orien 
tation of the sequences with respect to the 5'-3' orientation of 
the target sequence. For example, assuming a 5'-3' orientation 
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of the complementary target sequence, the first target domain 
may be located either 5' to the second domain, or 3' to the 
second domain. 
0223 Techniques for identifying polynucleotide 
sequences fall into five general categories: (1) techniques that 
rely on traditional hybridization methods that utilize the 
variation of stringency conditions (temperature, buffer con 
ditions, etc.) to distinguish nucleotides at the detection posi 
tion; (2) extension techniques that add a base (“the base') to 
basepair with the nucleotide at the detection position; (3) 
ligation techniques, that rely on the specificity of ligase 
enzymes (or, in Some cases, on the specificity of chemical 
techniques). Such that ligation reactions occur preferentially 
if perfect complementarity exists at the detection position; (4) 
cleavage techniques, that also rely on enzymatic or chemical 
specificity Such that cleavage occurs preferentially if perfect 
complementarity exists; and (5) techniques that combine 
these methods. Each of these techniques may be used in a 
Solution based assay, wherein the reaction is done in Solution 
and a reaction product is bound to the array for Subsequent 
detection, or in Solid phase assays, where the reaction occurs 
on the Surface and is detected. 
0224 Sequencing by hybridization has been described 
(Drmanac et al., Genomics 4:114 (1989); Kosteret al., Nature 
Biotechnology 14:1123 (1996); U.S. Pat. Nos. 5,525,464; 
5,202,231 and 5,695,940, 6,864,052; 6,309,824; 6,401.267 
and U.S. Patent Pub. No. 2005/0191656, among others). 
0225 Sequencing by synthesis is an alternative to gel 
based sequencing. These methods add and read only one base 
(or at most a few bases, typically of the same type) prior to 
polymerization of the next base. This can be referred to as 
“time resolved’ sequencing, to contrast from 'gel-resolved 
sequencing. Sequencing by synthesis has been described in 
U.S. Pat. Nos. 4,971,903; 6,828,100; 6,833,256; 6,911,345, 
as well as in Hyman, Anal. Biochem. 174:423 (1988); 
Rosenthal, International Patent Application Publication 
761107 (1989); Metzker et al., Nucl. Acids Res. 22:4259 
(1994); Jones, Biotechniques 22:938 (1997); Ronaghi et al., 
Anal. Biochem. 242:84 (1996); Ronaghi et al (1998), Sci 
ence, 281: 363-365; Nyren et al., Anal. Biochem. 151:504 
(1985); and Li et al. Proc. Natl. Acad. Sci., 100: 414-419 
(2003). One promising sequencing by synthesis method is 
based on the detection of the pyrophosphate (PPi) released 
during the DNA polymerase reaction. As nucleotriphosphates 
are added to a growing nucleic acid chain, they release PPi. 
This release can be quantitatively measured by the conversion 
of PPi to ATP by the enzyme sulfurylase, and the subsequent 
production of visible light by firefly luciferase. 
0226 Detection of ATP sulfurylase activity is described in 
Karamohamed and Nyren, Anal. Biochem. 271:81 (1999). 
Sequencing using reversible chain terminating nucleotides is 
described in U.S. Pat. Nos. 5,902,723 and 5,547,839, and 
Canard and Arzumanov, Gene 11:1 (1994), and Dyatkina and 
Arzumanov, Nucleic Acids Symp Ser 18:117 (1987). Revers 
ible chain termination with DNA ligase is described in U.S. 
Pat. No. 5,403,708. Time resolved sequencing is described in 
Johnson et al., Anal. Biochem. 136:192 (1984). Single mol 
ecule analysis is described in U.S. Pat. No. 5,795,782 and 
Elgen and Rigler, Proc. Natl. Acad Sci USA 91 (13):5740 
(1994), all of which are hereby expressly incorporated by 
reference in their entirety. Several assay systems have been 
described that capitalize on this mechanism. See for example 
WO93/23564, WO 98/28440 and WO98/13523, all of which 
are expressly incorporated by reference. A preferred method 
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is described in Ronaghi et al., Science 281:363 (1998). In this 
method, the four deoxynucleotides (dATP, dGTP, dCTP and 
dTTP; collectively dNTPs) are added stepwise to a partial 
duplex comprising a sequencing primer hybridized to a single 
stranded DNA template and incubated with DNA poly 
merase, ATP Sulfurylase, luciferase, and optionally a nucle 
otide-degrading enzyme such as apyrase. A. dNTP is only 
incorporated into the growing DNA strand if complimentary 
to the base in the template strand. The synthesis of DNA is 
accompanied by the release of PPi equal in molarity to the 
incorporated dNTP. The PPi is converted to ATP and the light 
generated by the luciferase is directly proportional to the 
amount of ATP. In some cases the unincorporated dNTPs and 
the produced ATP are degraded between each cycle by the 
nucleotide degrading enzyme. 
0227 Ligation-based methods of sequencing are also 
known in the art, see e.g., Shendure etal (2005), Science, 309: 
1728-1739. 
0228. The oligonucleotide ligation assay (OLA; some 
times referred to as the ligation chain reaction (LCR)) 
involves the ligation of at least two smaller probes into a 
single long probe, using the target sequence as the template 
for the ligase. Seegenerally U.S. Pat. Nos. 5,185,243, 5,679, 
524 and 5,573,907; EP 0320308 B1; EP 0336 731 B1; EPO 
439 182 B1; WO 90/01069, WO 89/12696; and WO 
89/09835, all of which are incorporated by reference. 
0229 Sequencing using mass spectrometry techniques 
have also been described; see Koster et al., Nature Biotech 
nology 14:1123 (1996). 
0230 Many of the above described methods require a 
primer nucleic acid (including nucleic acid analogs) that is 
hybridized to a target sequence to form a hybridization com 
plex, and an enzyme is added that in some way modifies the 
primer to form a modified primer. For example, PCR gener 
ally requires two primers, dNTPs and a DNA polymerase: 
LCR requires two primers that adjacently hybridize to the 
target sequence and a ligase; CPT requires one cleavable 
primer and a cleaving enzyme; invasive cleavage requires two 
primers and a cleavage enzyme; etc. Thus, in general, a target 
nucleic acid is added to a reaction mixture that comprises the 
necessary amplification components, and a modified primer 
is formed. In general, the modified primer comprises a detect 
able label, such as a fluorescent label, which is either incor 
porated by the enzyme or present on the original primer. As 
required, the unreacted primers are removed, in a variety of 
ways, as will be appreciated by those in the art and outlined 
herein. The modified primer can be detected and/or quantified 
using methods known in the art, and its presence can be used 
to identify and quantify the associated target sequence(s). In 
Some cases, the newly modified primer serves as a target 
sequence for a secondary reaction, which then produces a 
number of amplified strands, which can also be detected as 
described herein. 
0231. In a preferred aspect, sequencing techniques known 
in the art and described herein are employed on concatemers 
comprising target sequences. As discussed herein, target 
sequences can be prepared using known techniques. Once 
prepared, the target sequence can be used in a variety of 
reactions for a variety of reasons. For example, in a specific 
aspect of the invention, genotyping reactions are done. Simi 
larly, these reactions can also be used to detect the presence or 
absence of a target sequence. In addition, in any reaction, 
quantitation of the amount of a target sequence may be done. 
While the discussion below focuses on genotyping reactions, 
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the discussion applies equally to detecting the presence of 
target sequences and/or their quantification. 
0232. In a preferred aspect of specific embodiments, a 
target sequence comprises a position for which sequence 
information is desired, generally referred to herein as the 
“detection position” or “detection locus'. In a particularly 
preferred aspect of specific embodiments, the detection posi 
tion is a single nucleotide, although in some aspects, it may 
comprise a plurality of nucleotides, either contiguous with 
each other or separated by one or more nucleotides. By “plu 
rality” as used herein is meant at least two. As used herein, the 
base which basepairs with a detection position base in a 
hybrid is termed a “readout position” or an “interrogation 
position'. "Readout' means a parameter, or parameters, 
which are measured and/or detected that can be converted to 
a number or value. In some contexts, readout may refer to an 
actual numerical representation of such collected or recorded 
data. For example, a readout of fluorescent intensity signals 
from a microarray is the position and fluorescence intensity of 
a signal being generated at each hybridization site of the 
microarray; thus, Such a readout may be registered or stored in 
various ways, for example, as an image of the microarray, as 
a table of numbers, or the like. 
0233. In some aspects, as is discussed herein, the target 
sequence may not be the sample target sequence but instead is 
a product of a reaction herein, Sometimes referred to hereinas 
a “secondary” or "derivative' target sequence. Thus, for 
example, in a single base extension (SEE) method, the 
extended primer may serve as the target sequence; similarly, 
in invasive cleavage variations, the cleaved detection 
sequence may serve as the target sequence. 
0234. In one aspect, a method of determining a nucleotide 
sequence of a target polynucleotide in accordance with the 
invention comprises the following steps: (a) generating a 
plurality of target concatemers from the target polynucle 
otide, each target concatemer comprising multiple copies of a 
fragment of the target polynucleotide and the plurality of 
target concatemers including a number of fragments that 
Substantially covers the target polynucleotide; (b) forming a 
random array of target concatemers fixed to a surface at a 
density Such that at least a majority of the target concatemers 
are optically resolvable; (c) identifying a sequence of at least 
a portion of each fragment in each target concatemer, and (d) 
reconstructing the nucleotide sequence of the target poly 
nucleotide from the identities of the sequences of the portions 
of fragments of the concatemers. 
0235. As used herein, “substantially covers' means that 
the amount of nucleotides (i.e., target sequences) analyzed 
contains an equivalent of at least two copies of the target 
polynucleotide, or in another aspect, at least ten copies, or in 
another aspect, at least twenty copies, or in another aspect, at 
least 100 copies. Target polynucleotides may include DNA 
fragments, including genomic DNA fragments and cDNA 
fragments, and RNA fragments. Guidance for the step of 
reconstructing target polynucleotide sequences can be found 
in the following references, which are incorporated by refer 
ence: Lander et al. Genomics, 2: 231-239 (1988); Vingronet 
al, J. Mol. Biol. 235: 1-12 (1994); and like references. 
0236. In one aspect, a sequencing method for use with the 
invention for determining sequences in a plurality of DNA or 
RNA fragments comprises the following steps: (a) generating 
a plurality of polynucleotide molecules each comprising a 
concatemer of a DNA or RNA fragment; (b) forming a ran 
dom array of polynucleotide molecules fixed to a surface at a 
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density Such that at least a majority of the target concatemers 
are optically resolvable; and (c) identifying a sequence of at 
least a portion of each DNA or RNA fragment in resolvable 
polynucleotides using at least one chemical reaction of an 
optically detectable reactant. 
0237. In a further aspect of specific embodiments, the 
optically detectable reactant used in identifying the sequence 
is an oligonucleotide. In another aspect, the optically detect 
able reactant is a nucleoside triphosphate, e.g., a fluorescently 
labeled nucleoside triphosphate that may be used to extendan 
oligonucleotide hybridized to a concatemer. In another 
aspect, the optically detectable reagent is an oligonucleotide 
formed by ligating a first and second oligonucleotides that 
form adjacent duplexes on a concatemer. In another aspect, 
the chemical reaction of an optically detectable reactant is 
synthesis of DNA or RNA, e.g., by extending a primer hybrid 
ized to a concatemer. In yet another aspect, the optically 
detectable reactant is a nucleic acid binding oligopeptide or 
polypeptide or protein. 
0238. In one aspect, parallel sequencing of polynucleotide 
analytes of concatemers on a random array is accomplished 
by combinatorial SBH (cSBH). In a preferred aspect, a first 
and second sets of oligonucleotide probes (also referred to 
herein as “label probes) are provided, wherein each sets has 
member probes that comprise oligonucleotides having every 
possible sequence for the defined length of probes in the set. 
For example, if a set contains probes of length six, then it 
contains 4096 (4) probes. In another aspect, first and sec 
ond sets of oligonucleotide probes comprise probes having 
selected nucleotide sequences designed to detect selected sets 
of target polynucleotides. Sequences are determined by 
hybridizing one probe or pool of probe, hybridizing a second 
probe or a second pool of probes, ligating probes that form 
perfectly matched duplexes on their target sequences, identi 
fying those probes that are ligated to obtain sequence infor 
mation about the target sequence, repeating the steps until all 
the probes or pools of probes have been hybridized, and 
determining the nucleotide sequence of the target from the 
sequence information accumulated during the hybridization 
and identification steps. 
0239. In one aspect of specific embodiments, the sets may 
be divided into Subsets that are used together in pools, as 
disclosed in U.S. Pat. No. 6,864,052. Probes from the first and 
second sets may be hybridized to target sequences either 
together or in sequence, either as entire sets or as Subsets, or 
pools. In one aspect, lengths of the probes in the first or 
second sets are in the range of from 5 to 10 nucleotides, and 
in another aspect, in the range of from 5 to 7 nucleotides, so 
that when ligated they form ligation products with a length in 
the range of from 10 to 20, and from 10 to 14, respectively. 
0240. In another aspect, the sequence identity of each 
attached DNA concatemer may be determined by a “signa 
ture' approach. About 50 to 100 or possibly 200 probes are 
used such that about 25-50% or in some applications 10-30% 
of attached concatemers will have a full match sequence for 
each probe. This type of data allows each amplified DNA 
fragment within a concatemer to be mapped to the reference 
sequence. For example, by Such a process one can score 64 
4-mers (i.e. 25% of all possible 256 4-mers) using 16 hybrid 
ization/stripoff cycles in a 4 colors labeling schema. On a 
60-70 base fragment amplified in a concatemer about 16 of 64 
probes will be positive since there are 64 possible 4mers 
present in a 64 base long sequence (i.e. one quarter of all 
possible 4mers). Unrelated 60-70 base fragments will have a 
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very different set of about 16 positive decoding probes. A 
combination of 16 probes out of 64 probes has a random 
chance of occurrence in 1 of every one billion fragments 
which practically provides a unique signature for that con 
catemer. Scoring 80 probes in 20 cycles and generating 20 
positive probes create a signature even more likely to be 
unique: occurrence by chance is 1 in a billion billions. Previ 
ously, a “signature' approach was used to select novel genes 
from cDNA libraries. An implementation of a signature 
approach is to sort obtained intensities of all tested probes and 
select up to a predefined (expected) number of probes that 
satisfy the positive probe threshold. These probes will be 
mapped to sequences of all DNA fragments (sliding window 
of a longer reference sequence may be used) expected to be 
present in the array. The sequence that has all or a statistically 
sufficient number of the selected positive probes is assigned 
as the sequence of the DNA fragment in the given concatemer. 
In another approach an expected signal can be defined for all 
used probes using their pre measured full match and mis 
match hybridization/ligation efficiency. In this case a mea 
Sure similar to the correlation factor can be calculated. 
0241. In an exemplary aspect 4-mers (probes 4 bases in 
length) are scored through ligation of pairs of probes, for 
example: Ns, BBB with BN79, where B is the defined base 
and N is a degenerate base. For generating signatures on 
longer DNA concatemer probes, more unique bases will be 
used. For example, a 25% positive rate in a fragment 1000 
bases in length would be achieved by NBBBB and BBN 
es. Note that longer fragments need the same number of 
about 60-80 probes (15-20 ligation cycles using 4 colors). In 
one aspect all probes of a given length (e.g., 4096 
NBBBBBBN) or all ligation pairs may be used to deter 
mine complete sequence of the DNA in a concatemer. For 
example, 1024 combinations of Ns-7Bs and BBNs may 
be scored (256 cycles if 4 colors are used) to determine 
sequence of DNA fragments of up to about 250 bases, pref 
erably up to about 100 bases. 
0242. The decoding of sequencing probes with large num 
bers of Ns may be prepared from multiple syntheses of sub 
sets of sequences at degenerated bases to minimize difference 
in the efficiency. Each subset is added to the mix at a proper 
concentration. Also, Some Subsets may have more degener 
ated positions than others. For example, each of 64 probes 
from the set Ns, BBB may be prepared in 4 different syn 
thesis. One is regular all 5-7 bases to be fully degenerated: 
second is NO-3(AT), BBB; third is NO-2(AT)(G,C)(AT)(G, 
C)(AT)BBB, and the fourth is NO-2(G,C)(AT)(G,C)(AT) 
(G,C)BBB. 
0243 Oligonucleotide preparation from the three specific 
syntheses is added in to regular synthesis in experimentally 
determined amounts to increase hybridgeneration with target 
sequences that have in front of the BBB sequence an AT rich 
(e.g., AATAT) or (A or T) and (G or C) alternating sequence 
(e.g., ACAGT or GAGAC). These sequences are expected to 
be less efficient in forming a hybrid. All 1024 target 
sequences can be tested for the efficiency to form hybrid with 
NNNNNN BBB probes and those types that give the weak 
est binding may be prepared in about 1-10 additional synthe 
sis and added to the basic probe preparation. 
0244. In another exemplary aspect of specific embodi 
ments, 12 bases of a target concatemer are decoded using a 
combination of hybridization and ligation based assays. In 
this aspect, one half of the sequence is determined by utilizing 
the hybridization specificity of short probes and the ligation 
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specificity of fully matched hybrids. Six to ten bases adjacent 
to the 12 mer are predefined and act as a Support for a 6mer to 
10-mer oligonucleotide. This short 6mer will ligate at its 
3-prime end to one of 4 labeled 6-mers to 10-mers. These 
decoding probes consist of a pool of 4 oligonucleotides in 
which each oligonucleotide consists of 4-9 degenerate bases 
and 1 defined base. This oligonucleotide will also be labeled 
with one of four fluorescent labels. Each of the 4 possible 
bases A, C, G, or T will therefore be represented by a fluo 
rescent dye. For example these 5 groups of 4 oligonucleotides 
and one universal oligonucleotide (US) can be used in the 
ligation assays to sequence first 5 bases of 12-mers: 6 each of 
4 bases associated with a specific dye or tag at the end: 

UUUUUUUUBNNNNNNN (SEO ID NO; 5) 

UUUUUUUU.NBNNNNNN (SEQ ID NO : 6) 

UUUUUUUU.NNBNNNNN (SEO ID NO: 7) 

UUUUUUUUNMNBNNNN (SEQ ID NO: 8) 

UUUUUUUU.NNNNBNNN (SEO ID NO: 9) 

0245 Six or more bases can be sequenced with additional 
probe pools. To improve discrimination at positions near the 
center of the 12mer (the 12 bases of the concatemer being 
sequenced) the 6mer oligonucleotide can be positioned fur 
ther into the 12mer sequence. This will necessitate the incor 
poration of degenerate bases into the 3-prime end of the 
non-labeled oligonucleotide to accommodate the shift. This is 
an example of decoding probes for position 6 and 7 in the 
12-mer. 

UUUUUUNNNNNBNNNN (SEQ ID NO: 8) 

UUUUUUNNNNNNBNNN (SEO ID NO: 9) 

0246. In a similar way the 6 bases from the right side of the 
12mer can be decoded by using a fixed oligonucleotide and 
5-prime labeled probes. In the above described system 6 
cycles are required to define 6 bases of one side of the 12mer. 
With redundant cycle analysis of bases distant to the ligation 
site this may increase to 7 or 8 cycles. In total then, complete 
sequencing of the 12mer could be accomplished with 12-16 
cycles of ligation. 
0247. In another exemplary aspect, polynucleotide mol 
ecules on a random array can be sequenced combining two 
distinct types of libraries of detector probes. In this approach 
one library has probes of the general type N3 (anchors) 
that are ligated with the first 2 or 3 or 4 probes/probe pools 
from the other set BNs, NBN-7, NBN, and NBNs. In 
this aspect, a few cycles are used to test a probe from the first 
library with 2-4 or even more probes from the second library 
in order to read longer continuous sequences (such as 5-6+3- 
4-8-10) injust 3-4 cycles. One or more of the probes in one or 
both libraries can be tagged using physical and chemical 
design (such as by adding a specific number of bases to 
provide a distinct hybrid stability, or altering GC content to 
affect stability), and through labels such as fluorescent labels. 
0248. Using multiple colors or other labels allows for par 
allel and multiplex sequencing of a random array. In one 
exemplary aspect probes are tagged with different oligo 
nucleotide sequences made of natural bases or new synthetic 
bases (such as isoG and isoC). Tags can be designed to have 
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very precise binding efficiency with their anti-tags using dif 
ferent oligonucleotide lengths (about 6-24 bases) and/or 
sequence including GC content. For example 4 different tags 
may be designed that can be recognized with specific anti 
tags in 4 consecutive cycles or in one hybridization cycle 
followed by a discriminative wash. In the discriminative wash 
initial signal is reduced to 95-99%, 30-40%, 10-20% and 
0-5% for each tag, respectively. In this case by obtaining two 
images 4 measurements are obtained assuming that probes 
with different tags will rarely hybridize to the same dot. 
Another benefit of having many different tags even if they are 
consecutively decoded (or 2-16 at a time labeled with 2-16 
distinct colors) is the ability to use a large number of indi 
vidually recognizable probes in one assay reaction. This way 
a 4-64 times longer assay time (that may provide more spe 
cific or stronger signal) may be affordable if the probes are 
decoded in short incubation and removal reactions. 
0249. In some aspects, the decoding process requires the 
use of 48-96 or more decoding probes. These pools will be 
further combined into 12-24 or more pools by encoding them 
with four fluorophores, each having different emission spec 
tra. Each array requires about 12-24 cycles to decode. Each 
cycle consists of a hybridization, wash, array imaging, and 
strip-off step. These steps, in their respective orders, may take 
for the above example 5, 2, 12, and 5 minutes each, for a total 
of 24 minutes each cycle, or roughly 5-10 hours for each 
array, if the operations were performed linearly. The time to 
decode each array can be reduced by a factor of two by 
allowing the system to image constantly. To accomplish this, 
the imaging of two separate Substrates on each microscope is 
staggered. While one substrate is being reacted, the other 
Substrate is imaged. 
0250 In another exemplary aspect of specific embodi 
ments, a decoding cycle using combinatorial sequencing by 
hybridization (cSBH) includes the following steps: (i) set 
temperature of array to hybridization temperature (usually in 
the range 5-25°C.); (ii) use robot pipetter to premix a small 
amount of decoding probe with the appropriate amount of 
hybridization buffer; (iii) pipette mixed reagents into hybrid 
ization chamber; (iv) hybridize for predetermined time; (v) 
drain reagents from chamber using pump (Syringe or other); 
(vi) add a buffer to wash mismatches of non-hybrids; (vii) 
adjust chamber temperature to appropriate wash temp (about 
10-40°C.); (viii) drain chamber; (ix) add more wash bufferif 
needed to improve imaging; (X) image each array, (xii) 
remove buffer; and (xiii) start the next hybridization cycle 
with the next decoding probe pool in set. 
0251. In one aspect, polynucleotide molecules amplified 
using NASBA and TMA methods can be directly detected 
when the newly synthesized strands comprise detectable 
labels, either by incorporation into the primers or by incor 
poration of modified labeled nucleotides into the growing 
strand. Alternatively, indirect detection of unlabelled strands 
(which now serve as “targets' in the detection mode) can 
occur using a variety of sandwich assay configurations. As 
will be appreciated by those in the art, any of the newly 
synthesized strands can serve as the “target for forman assay 
complex on a surface with a capture probe. In NASBA and 
TMA, it is preferable to utilize the newly formed RNA strands 
as the target, as this is where significant amplification occurs. 
0252. In another aspect, InvaderTM technology is used to 
detect and identify nucleotide sequence. This technology is 
based on structure-specific polymerases that cleave nucleic 
acids in a site-specific manner. Two probes are used: an 
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“invader' probe and a “signaling probe that adjacently 
hybridize to a target sequence with a non-complementary 
overlap. The enzyme cleaves at the overlap due to its recog 
nition of the “tail, and releases the “tail” with a label. This 
can then be detected. The InvaderTM technology is described 
in U.S. Pat. Nos. 5,846,717: 5,614,402; 5,719,028: 5,541, 
311; and 5,843,669, all of which are hereby incorporated by 
reference. 

0253) In another aspect, products from an oligonucleotide 
ligation amplification (OLA) technique are detected in order 
to identify a nucleotide sequence of a polynucleotide mol 
ecule. As will be appreciated by those in the art, the ligation 
product can be detected in a variety of ways. In a preferred 
aspect of specific embodiments, the ligation reaction is run in 
Solution. In this aspect, only one of the primers carries a 
detectable label, e.g., the first ligation probe, and the capture 
probe on the bead is substantially complementary to the other 
probe, e.g., the second ligation probe. In this way, unextended 
labeled ligation primers will not interfere with the assay. That 
is, in a preferred aspect of specific embodiments, the ligation 
product is detected by Solid-phase oligonucleotide probes. 
The solid-phase probes are preferably complementary to at 
least a portion of the ligation product. In a preferred aspect, 
the solid-phase probe is complementary to the 5' detection 
oligonucleotide portion of the ligation product. This substan 
tially reduces or eliminates false signal generated by the 
optically-labeled 3' primers. Preferably, detection is accom 
plished by removing the unligated 5' detection oligonucle 
otide from the reaction before application to a capture probe. 
In one aspect, the unligated 5' detection oligonucleotides are 
removed by digesting 3' non-protected oligonucleotides with 
a 3' exonuclease, Such as, exonuclease I. The ligation products 
are protected from exo I digestion by including, for example, 
4-phosphorothioate residues at their 3' terminus, thereby, ren 
dering them resistant to exonuclease digestion. The unligated 
detection oligonucleotides are not protected and are digested. 
Alternatively, the target nucleic acid is immobilized on a 
Solid-phase surface and a ligation assay is performed and 
unligated oligonucleotides are removed by washing under 
appropriate stringency to remove unligated oligonucleotides. 
The ligated oligonucleotides are eluted from the target 
nucleic acid using denaturing conditions, such as, 0.1 N 
NaOH, and detected as described herein. 
0254 The detection of products from an LCR reaction can 
also occur directly, in the case where one or both of the 
primers comprises at least one detectable label, or indirectly, 
using Sandwich assays, through the use of additional probes; 
that is, the ligated probes can serve as target sequences, and 
detection may utilize amplification probes, capture probes, 
capture extender probes, label probes, and label extender 
probes, etc. 
0255. In one aspect, if an invasive cleavage reaction is used 
to amplify polynucleotide molecules, the products of the 
reaction can be detected by designing the probes to utilize a 
fluorophore-quencher reaction. A signaling probe comprising 
both a fluorophore and a quencher is used, with the fluoro 
phore and the quencher on opposite sides of the cleavage site. 
As will be appreciated by those in the art, these will be 
positioned closely together. Thus, in the absence of cleavage, 
very little signal is seen due to the quenching reaction. After 
cleavage, however, the distance between the two is large, and 
thus fluorescence can be detected. Upon assembly of an assay 
complex, comprising the target sequence, an invader probe, 
and a signaling probe, and the introduction of the cleavage 
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enzyme, the cleavage of the complex results in the disasso 
ciation of the quencher from the complex, resulting in an 
increase in fluorescence. In this aspect, Suitable fluorophore 
quencher pairs are as known in the art. For example, Suitable 
quencher molecules comprise DABCYL. 
0256 In a preferred aspect of specific embodiments, 
straight hybridization methods are used to elucidate the iden 
tity of the base at the detection position. Generally speaking, 
these techniques break down into two basic types of reac 
tions: those that rely on competitive hybridization techniques, 
and those that discriminate using stringency parameters and 
combinations thereof. 
0257. In one aspect of specific embodiments, the use of 
competitive hybridization probes is done to elucidate either 
the identity of the nucleotide(s) at the detection position or the 
presence of a mismatch. For example, sequencing by hybrid 
ization has been described (Drmanac et al., Genomics 4:114 
(1989): Koster et al., Nature Biotechnology 14:1123 (1996): 
U.S. Pat. Nos. 5,525,464; 5,202,231 and 5,695,940, among 
others, all of which are hereby expressly incorporated by 
reference in their entirety). 
0258. In one aspect of specific embodiments, a plurality of 
probes (sometimes referred to herein as “readout probes) are 
used to identify the base at the detection position. In this 
aspect, each different readout probe comprises a different 
detection label (which, as outlined below, can be either a 
primary label or a secondary label) and a different base at the 
position that will hybridize to the detection position of the 
target sequence (herein referred to as the readout position) 
such that differential hybridization will occur. That is, all 
other parameters being equal, a perfectly complementary 
readout probe (a “match probe') will in general be more 
stable and have a slower to disassociate than a probe com 
prising a mismatch (a "mismatch probe') at any particular 
temperature. Accordingly, by using different readout probes, 
each with a different base at the readout position and each 
with a different label, the identification of the base at the 
detection position is elucidated. In a preferred aspect of spe 
cific embodiments, a set of readout probes are used, each 
comprising a different base at the readout position. In some 
aspects, each readout probe comprises a different label that is 
distinguishable from the others. In one aspect, the length and 
sequence of each readout probe is identical except for the 
readout position, although this need not be true in all embodi 
mentS. 

0259 Label Probes 
0260. As described above, in one aspect, an adaptor can 
comprise one or more binding sequences for a detectable tag, 
Such as a label probe. In some aspects, label probes can be 
added to the concatemers to detect particular sequences. 
Label probes will hybridize to the label probe binding 
sequence and comprise at least one detectable label. Such 
labels include without limitation the director indirect attach 
ment of radioactive moieties, fluorescent moieties, colorimet 
ric moieties, chemiluminescent moieties, and the like. 
0261. In one aspect, one or more fluorescent dyes are used 
as labels for the label probes (also referred to herein as “oli 
gonucleotide probes'), e.g., as disclosed by Menchen et al. 
U.S. Pat. No. 5,188,934 (4,7-dichlorofluorscein dyes); Begot 
et al., U.S. Pat. No. 5,366,860 (spectrally resolvable 
rhodamine dyes); Lee et al., U.S. Pat. No. 5,847,162 (4.7- 
dichlororhodamine dyes); Khanna et al., U.S. Pat. No. 4.318, 
846 (ether-substituted fluorescein dyes); Lee et al., U.S. Pat. 
No. 5,800,996 (energy transfer dyes); Lee etal, U.S. Pat. No. 
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5,066,580 (xanthene dyes): Mathies etal, U.S. Pat. No. 5,688, 
648 (energy transfer dyes); and the like. Labeling can also be 
carried out with quantum dots, as disclosed in the following 
patents and patent publications, incorporated herein by refer 
ence: U.S. Pat. Nos. 6,322,901; 6,576,291; 6,423,551; 6,251, 
303; 6,319,426; 6,426,513; 6,444,143; 5,990,479; 6,207,392: 
2002/0045045; 2003/0017264; and the like. As used herein, 
the term “fluorescent signal generating moiety' means a sig 
naling means which conveys information through the fluo 
rescent absorption and/or emission properties of one or more 
molecules. Such fluorescent properties include fluorescence 
intensity, fluorescence life time, emission spectrum charac 
teristics, energy transfer, and the like. 
0262 Commercially available fluorescent nucleotide ana 
logues readily incorporated into label probes include, for 
example, Cy3-dCTP, Cy3-dUTP, Cy5-dCTP Cy5-dUTP 
(Amersham Biosciences, Piscataway, N.J., USA), fluores 
cein-12-dUTP, tetramethylrhodamine-6-dUTP, Texas Red R 
5-dUTP, Cascade Blue(R)-7-dUTP BODIPYR FL-14-dUTP, 
BODIPY(RR-14-dUTP, BODIPYR) TR-14-dUTP, 
Rhodamine GreenTM-5-dUTP, Oregon Green(R) 488-5-dUTP. 
Texas Red R-12-dUTP, BODIPYR 630/650-14-dUTP, 
BODIPYR 650/665-14-dUTP, Alexa Fluor R. 488-5-dUTP, 
Alexa Fluor R. 532-5-dUTP, Alexa Fluor R. 568-5-dUTP, 
Alexa Fluorr) 594-5-dUTP, Alexa Fluorr 546-14-dUTP, 
fluorescein-12-UTP, tetramethylrhodamine-6-UTP, Texas 
Red R-5-UTP, Cascade Blue(R)-7-UTP, BODIPYR FL-14 
UTP BODIPYR TMR-14-UTP BODIPYR TR-14-UTP, 
Rhodamine GreenTM-5-UTP, Alexa Fluor R. 488-5-UTP, 
Alexa Fluor R. 546-14-UTP (Molecular Probes, Inc. Eugene, 
Oreg., USA). Other fluorophores available for post-synthetic 
attachment include, inter alia, Alexa Fluor R 350, Alexa 
Fluorr) 532, Alexa Fluorr 546, Alexa Fluorr) 568, Alexa 
Fluor R 594, Alexa Fluor(R) 647, BODIPY 493/503, BODIPY 
FL, BODIPY R6G, BODIPY 530/550, BODIPY TMR, 
BODIPY 558/568, BODIPY 558/568, BODIPY 564/570, 
BODIPY 576/589, BODIPY 581/591, BODIPY 630/650, 
BODIPY 650/665, Cascade Blue, Cascade Yellow, Dansyl, 
lissamine rhodamine B. Marina Blue, Oregon Green 488, 
Oregon Green 514, Pacific Blue, rhodamine 6G, rhodamine 
green, rhodamine red, tetramethylrhodamine, Texas Red 
(available from Molecular Probes, Inc., Eugene, Oreg. 
USA), and Cy2, Cy3.5, Cy5.5, and Cy7 (Amersham Bio 
sciences, Piscataway, N.J. USA, and others). FRET tandem 
fluorophores may also be used, such as PerCP-Cy5.5, PE 
Cy5, PE-Cy5.5, PE-Cy7, PE-Texas Red, and APC-Cy7; also, 
PE-Alexa dyes (610, 647,680) and APC-Alexa dyes. Biotin, 
or a derivative thereof, may also be used as a label on a 
detection oligonucleotide, and Subsequently bound by a 
detectably labeled avidin/streptavidin derivative (e.g., phyco 
erythrin-conjugated Streptavidin), or a detectably labeled 
anti-biotin antibody. Digoxigenin may be incorporated as a 
label and subsequently bound by a detectably labeled anti 
digoxigenin antibody (e.g., fluoresceinated anti-digoxige 
nin). Anaminoallyl-dUTP residue may be incorporated into a 
detection oligonucleotide and Subsequently coupled to an 
N-hydroxy succinimide (NHS) derivitized fluorescent dye, 
Such as those listed Supra. In general, any member of a con 
jugate pair may be incorporated into a detection oligonucle 
otide provided that a detectably labeled conjugate partner can 
be bound to permit detection. As used herein, the term anti 
body refers to an antibody molecule of any class, or any 
subfragment thereof, such as an Fab. Other suitable labels for 
detection oligonucleotides may include fluorescein (FAM), 
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digoxigenin, dinitrophenol (DNP), dansyl, biotin, bromode 
oxyuridine (BrdU), hexahistidine (6xHis), phosphor-amino 
acids (e.g., P-tyr, P-ser, P-thr), or any other suitable label. In 
one aspect the following hapten/antibody pairs are used for 
detection, in which each of the antibodies is derivatized with 
a detectable label: biotin/C.-biotin, digoxigeninfo-digoxige 
nin, dinitrophenol (DNP)/o-DNP 5-Carboxyfluorescein 
(FAM)/C-FAM. As described in schemes below, probes may 
also be indirectly labeled, especially with a hapten that is then 
bound by a capture agent, e.g., as disclosed in Holtke et al. 
U.S. Pat. Nos. 5,344,757; 5,702,888; and 5,354,657: Huberet 
al, U.S. Pat. No. 5,198,537; Miyoshi, U.S. Pat. No. 4,849,336; 
Misiura and Gait, PCT publication WO 91/17160; and the 
like. Many different hapten-capture agent pairs are available 
for use with the invention. Exemplary, haptens include, 
biotin, des-biotin and other derivatives, dinitrophenol, dan 
Syl, fluorescein, CY5, and other dyes, digoxigenin, and the 
like. Forbiotin, a capture agent may be avidin, streptavidin, or 
antibodies. Antibodies may be used as capture agents for the 
other haptens (many dye-antibody pairs being commercially 
available, e.g., Molecular Probes). 
0263. In one aspect, pools of label probes are provided 
which preferably have from about 1 to about 3 bases, allowing 
for an even and optimized signal for different sequences at 
degenerate positions. In another aspect, a concentration 
adjusted mix of 3-mer building blocks is used in the probe 
synthesis. 
0264 Label probes may be prepared with nucleic acid tag 

tails instead of being directly labeled. Tails preferably do not 
interact with target polynucleotides. These tails may be pre 
pared from natural bases or modified bases such as isoC and 
isoG that pair only between themselves. If isoC and isoG 
nucleotides are used, the sequences may be separately syn 
thesized with a 5' amino-linker, which allows conjugation to 
a 5' carboxy modified linker that is synthesized on to each 
tagged probe. This allows separately synthesized tag 
sequences to be combined with known probes while they are 
still attached to the column. In one aspect, 21 tagged 
sequences are used in combination with 1024 known probes. 
0265. The tails may be separated from probes by 1-3 or 
more degenerated bases, abasic sites or other linkers. One 
approach to minimize interaction of tails and target DNA is to 
use sequences that are very infrequent in the target DNA. For 
example, CGCGATATCGCGATATsexolo or CGATC 
GATCGATservo. 1 is expected to be infrequent in mam 
malian genomes. One option is to use probe with tails pre 
hybridized with unlabeled tags that would be denatured and 
maybe washed away after ligation and before hybridization 
with labeled tags. Uracil may be used to generate degradable 
tails/tags and to remove them before running a new cycle 
instead of using temperature removal; 
0266. In one aspect high-plex multiplex ligation assays of 
probes are used which are not labeled with fluorescent dyes, 
thus reducing background and assay costs. For example for 8 
colors 4x8–32 different encoding tails may be prepared and 
32 probes as a pool may be used in hybridization/ligation. In 
the decoding process, four cycles each with 8 tags are used. 
Thus, each color is used for 4 tags used in 4 decoding cycles. 
After each cycle, tags may be removed or dyes photo 
bleached. The process requires that the last set of probes to be 
decoded has to stay hybridized through 4 decoding cycles. 
0267 In one aspect additional properties are included to 
provide the ability to distinguish different probes using the 
same color, for example Tm/stability, degradability by incor 
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porated uracil bases and UDG enzyme, and chemically or 
photochemically cleavable bonds. A combination of two 
properties, such as temperature stability directly or after cut 
ting or removing a stabilizer to provide 8 distinct tags for the 
same color; more than one cut type may be used to create 3 or 
more groups; to execute this 4-8 or 6-12 exposures of the 
same color may be required, demanding low photo-bleaching 
conditions such as low intensity light illumination that may be 
detected by intensified CCDs (ICCDs). For example if one 
property is melting temperature (Tm) and there are 4 tag 
oligos or anchors or primers with distinct Tm, another set of 
4 oligos can be prepared that has the first 4 probes connected 
to or intractable with a stabilizer that shifts the Tm of these 4 
oligos above the most stable oligo in the first group without 
stabilizer. After resolving 4 oligos from the first group by 
consecutive melting off, the temperature may be reduced to 
the initial low level, the stabilizer may be cut or removed, and 
4 tagged-oligos or anchors or primers can then be differen 
tially melted using the same temperature points as for the first 
group. 
0268. In one aspect, probe-probe hybrids are stabilized 
through ligation to another unlabeled oligonucleotide. Such 
as an anchor probe. 
0269. As mentioned above, random arrays of biomol 
ecules, such as genomic DNA fragments or cDNA fragments, 
provides a platform for large Scale sequence determination 
and for genome-wide measurements based on counting 
sequence tags, in a manner similar to measurements made by 
serial analysis of gene expression (SAGE) or massively par 
allel signature sequencing, e.g., Velculescu, et al. (1995), 
Science 270,484-487; and Brenner etal (2000), Nature Bio 
technology, 18: 630-634. Such genome-wide measurements 
include, but are not limited to, determination of polymor 
phisms, including nucleotide Substitutions, deletions, and 
insertions, inversions, and the like, determination of methy 
lation patterns, copy number patterns, and the like. Such as 
could be carried out by a wide range of assays known to those 
with ordinary skill in the art, e.g., Syvanen (2005), Nature 
Genetics Supplement, 37: S5-S10: Gunderson et al (2005), 
Nature Genetics, 37: 549-554; Fanetal (2003), Cold Spring 
Harbor Symposia on Quantitative Biology, LXVIII: 69-78; 
and U.S. Pat. Nos. 4,883,750; 6,858,412; 5,871,921; 6,355, 
431; and the like, which are incorporated herein by reference. 

Detection Instrumentation 

0270. As mentioned above, signals from single molecules 
on random arrays made in accordance with the invention are 
generated and detected by a number of detection systems, 
including, but not limited to, Scanning electron microscopy, 
near field scanning optical microscopy (NSOM), total inter 
nal reflection fluorescence microscopy (TIRFM), and the 
like. Abundant guidance is found in the literature for applying 
Such techniques for analyzing and detecting nanoscale struc 
tures on Surfaces, as evidenced by the following references 
that are incorporated by reference: Reimeretal, editors, Scan 
ning Electron Microscopy: Physics of Image Formation and 
Microanalysis, 2" Edition (Springer, 1998); Nie et al. Anal. 
Chem., 78: 1528-1534 (2006); Hecht etal, Journal Chemical 
Physics, 112: 7761-7774 (2000); Zhu et al, editors, Near 
Field Optics: Principles and Applications (World Scientific 
Publishing, Singapore, 1999); Drmanac, International patent 
publication WO 2004/076683; Lehr et al. Anal. Chem., 75: 
2414-2420 (2003); Neuschafer et al. Biosensors & Bioelec 
tronics, 18: 489-497 (2003); Neuschafer et al., U.S. Pat. No. 
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6.289,144; and the like. Of particular interest is TIRFM, for 
example, as disclosed by Neuschafer et al., U.S. Pat. No. 
6.289,144; Lehr et al (cited above); and Drmanac, Interna 
tional patent publication WO 2004/076683. 
0271 In one aspect, instruments for use with arrays of the 
invention comprise three basic components: (i) a fluidics 
system for storing and transferring detection and processing 
reagents, e.g., probes, wash Solutions, and the like, to an 
array; (ii) a reaction chamber, or flow cell, holding or com 
prising an array and having flow-through and temperature 
control capability; and (iii) an illumination and detection 
system. In one aspect, a flow cell has a temperature control 
Subsystem with ability to maintain temperature in the range 
from about 5-95°C., or more specifically 10-85°C., and can 
change temperature with a rate of about 0.5-2°C. per second. 
0272. In an exemplary aspect of specific embodiments, a 
20x objective is used, and a 6 mmx6 mm array may require 
roughly 30 images for full coverage by using a 10 megapixel 
camera. Each of 1 micrometer array areas is read by about 8 
pixels. Each image is acquired in 250ms, 150 ms for exposure 
and 100 ms to move the stage. Using this fast acquisition it 
will take ~7.5 seconds to image each array, or 12 minutes to 
image the complete set of 96 arrays on each Substrate. In one 
aspect of an imaging system, this high image acquisition rate 
is achieved by using four ten-megapixel cameras, each imag 
ing the emission spectra of a different fluorophore. The cam 
eras are coupled to the microscope through a series of dich 
roic beam splitters. The autofocus routine, which takes extra 
time, runs only if an acquired image is out of focus. It will then 
store the Z axis position information to be used upon return to 
that section of that array during the next imaging cycle. By 
mapping the autofocus position for each location on the Sub 
strate, it is possible to reduce the time required for image 
acquisition. Imaging speed may be improved by decreasing 
the objective magnification power, using grid patterned 
arrays and increasing the number of pixels of data collected in 
each image. 
0273 For example, up to four or more cameras may be 
used, preferably in the 10-16 megapixel range. Multiple band 
pass filters and dichroic mirrors may also be used to collect 
pixel data across up to four or more emission spectra. To 
compensate for the lower light collecting power of the 
decreased magnification objective, the power of the excita 
tion light source can be increased. Throughput can be 
increased by using one or more flow chambers with each 
camera, so that the imaging system is not idle while the 
samples are being hybridized/reacted. Because the probing of 
arrays can be non-sequential, more than one imaging system 
can be used to collect data from a set of arrays, further 
decreasing assay time. 
0274 During the imaging process, the Substrate must 
remain in focus. Some key factors in maintaining focus are 
the flatness of the substrate, orthogonality of the substrate to 
the focus plane, and mechanical forces on the Substrate that 
may deform it. Substrate flatness can be well controlled, glass 
plates which have better than /4 wave flatness are readily 
obtained. Uneven mechanical forces on the substrate can be 
minimized through proper design of the hybridization cham 
ber. Orthogonality to the focus plane can be achieved by a 
well adjusted, high precision stage. Auto focus routines gen 
erally take additional time to run, so it is desirable to run them 
only if necessary. After each image is acquired, it will be 
analyzed using a fast algorithm to determine if the image is in 
focus. If the image is out of focus, the auto focus routine will 
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run. It will then store the objectives Z position information to 
be used upon return to that section of that array during the next 
imaging cycle. By mapping the objectives Z position at vari 
ous locations on the substrate, we will reduce the time 
required for Substrate image acquisition. 
0275 A suitable illumination and detection system for 
fluorescence-based signal is a Zeiss AXiovert 200 equipped 
with a TIRF slider coupled to a 80 milliwatt 532 nm solid state 
laser. The slider illuminates the substrate through the objec 
tive at the correct TIRF illumination angle. TIRF can also be 
accomplished without the use of the objective by illuminating 
the Substrate though a prism optically coupled to the Sub 
strate. Planar wave guides can also be used to implement 
TIRF on the substrate. Epi illumination can also be employed. 
The light Source can be rastered, spread beam, coherent, 
incoherent, and originate from a single or multi-spectrum 
SOUC. 

0276 One aspect for the imaging system contains a 20x 
lens with a 1.25 mm field of view, with detection being 
accomplished with a 10 megapixel camera. Such a system 
images approx 1.5 million concatemers attached to the pat 
terned array at 1 micron pitch. Under this configuration there 
are approximately 6.4 pixels per concatemer. The number of 
pixels per concatemer can be adjusted by increasing or 
decreasing the field of view of the objective. For example a 1 
mm field of view would yield a value of 10 pixels per con 
catemer and a 2 mm field of view would yield a value of 2.5 
pixels per concatemer. The field of view may be adjusted 
relative to the magnification and NA of the objective to yield 
the lowest pixel count per concatemer that is still capable of 
being resolved by the optics, and image analysis software. 
(0277 Both TIRF and EPI illumination allow for almost 
any light Source to be used. One illumination schema is to 
share a common set of monochromatic illumination sources 
(about 4 lasers for 6-8 colors) amongst imagers. Each imager 
collects data at a different wavelength at any given time and 
the light sources would be Switched to the imagers via an 
optical Switching system. In such an aspect, the illumination 
source preferably produces at least 6, but more preferably 8 
different wavelengths. Such sources include gas lasers, mul 
tiple diode pumped solid state lasers combined through a fiber 
coupler, filtered Xenon Arc lamps, tunable lasers, or the more 
novel Spectralum Light Engine, soon to be offered by Tidal 
Photonics. The Spectralum Light Engine uses prism to spec 
trally separate light. The spectrum is projected onto a Texas 
Instruments Digital Light Processor, which can selectively 
reflect any portion of the spectrum into a fiber or optical 
connector. This system is capable of monitoring and calibrat 
ing the power output across individual wavelengths to keep 
them constant so as to automatically compensate for intensity 
differences as bulbs age or between bulb changes. 
0278. Successfully scoring 6 billion concatemers through 
-350 (-60 per color) images per region over 24 hours may 
require a combination of parallel image acquisition, 
increased image acquisition speed, and increased field of 
view for each imager. Additionally, the imager may support 
between six to eight colors. Commercially available micro 
Scopes commonly image a ~1 mm field of view at 20x mag 
nification with an NA of 0.8. At the proposed concatemer 
pitch of 0.5 micron, this translates into roughly 4 million 
concatemers per image. This yields approximately 1,500 
images for 6 billion spots per hybridization cycle, or 0.5 
million images for 350 imaging cycles. In a large scale 
sequencing operation, each imager preferably acquires ~200, 
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000 images per day, based on a 300 millisecond exposure time 
to a 16 megapixel CCD. Thus, a preferred instrument design 
is 4 imager modules each serving 4 flow cells (16 flow cells 
total). The above described imaging schema assumes that 
each imager has a CCD detector with 10 million pixels and be 
used with an exposure time of roughly 300 milliseconds. This 
should be an acceptable method for collecting data for 6 
fluorophore labels. One possible drawback to this imaging 
technique is that certain fluorophores may be unintentionally 
photo bleached by the light source while other fluorophores 
are being imaged. Keeping the illumination power low and 
exposure times to a minimum would greatly reduce photo 
bleaching. By using intensified CCDs (ICCDs) data could be 
collected of roughly the same quality with illumination inten 
sities and exposure times that are orders of magnitude lower 
than standard CCDs. ICCDs are generally available in the 
1-1.4 megapixel range. Because they require much shorter 
exposure times, a one megapixel ICCD can acquire ten or 
more images in the time a standard CCD acquires a single 
image. Used in conjunction with fast filter wheels, and a high 
speed flow cell stage, a one megapixel ICCD should be able 
to collect the same amount of data as a 10 megapixel standard 
CCD. 

Kits of the Invention 

0279. In the commercialization of the methods and com 
positions described herein, certain kits for construction of 
deletion mate pairs, of deletion mate pair constructs, and of 
random arrays of deletion mate pair constructs or deletion 
mate pair construct amplicons are provided as kits of the 
invention. Kits for using deletion mate pair constructs, for 
creating deletion mate pair construct amplicons, and for using 
the same for various applications are particularly useful. In 
general, kits of the invention can include any deletion mate 
pair, deletion mate pair construct, amplicon of deletion mate 
pair construct, and random arrays as described herein, as well 
as reagents and molecules for creating Such constructs and 
arrays. 
0280. In one aspect, kits of the invention include elements 
for selecting for desired orientations of multiple adaptors in 
library constructs. Such kits can include without limitation 
the following elements: (a) a first adaptor, which includes a 
recognition site for a first Type IIs restriction endonuclease; a 
second adaptor, which includes a restriction site for a second 
Type IIs restriction endonuclease; and (c) primers comple 
mentary to both ends of each of the first and second adaptors. 
In one embodiment, the adaptors included in Such kits are 
single stranded. In another embodiment, the adaptors are 
double stranded. Such kits may also include combinations of 
single and double stranded adaptors. 
0281. In another aspect, the invention provides kits for the 
construction of deletion mate pair constructs. Such kits can 
include without limitation: (i) a plurality of circularization 
adaptors; (ii) a plurality of deletion adaptors, wherein the 
deletion adaptors comprise at least one recognition site for a 
restriction endonuclease; (iii) a plurality of restriction endo 
nucleases which correspond to the recognition sites of the 
deletion adaptors; and (iv) ligases and buffers and reagents for 
utilizing the ligases. The circularization and deletion adaptors 
may be double- or single-stranded. In a preferred embodi 
ment, the deletion adaptors comprise recognition sites for 
exact cutters, and the restriction endonucleases included 
include Such exact cutters. In another embodiment, the plu 
rality of deletion adaptors comprise recognition sites for both 
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exact and non-exact cutters, and the plurality restriction endo 
nucleases include a combination of exact and non-exact cut 
ters. 

0282. In a further embodiment, the kit described above 
also includes reagents for creating amplicons of the deletion 
mate pairs created using the methods described herein and/or 
the kit described above. In one embodiment, the kit includes 
reagents for conducting a rolling circle replication reaction, 
and the resultant amplicons are concatemers. 
0283 Kits for applications of random arrays of the inven 
tion include, but are not limited to, kits for determining the 
nucleotide sequence of a target polynucleotide, kits for large 
scale identification of differences between reference DNA 
sequences and test DNA sequences, kits for profiling exons, 
and the like. A kit typically comprises at least one Support 
having a surface and one or more reagents necessary or useful 
for constructing a random array of the invention or for carry 
ing out an application therewith. Such reagents include, with 
out limitation, nucleic acid primers, probes, adaptors, 
enzymes, and the like, and are each packaged in a container, 
Such as, without limitation, a vial, tube or bottle, in a package 
suitable for commercial distribution, such as, without limita 
tion, a box, a sealed pouch, a blister pack and a carton. The 
package typically contains a label or packaging insert indi 
cating the uses of the packaged materials. As used herein, 
"packaging materials” includes any article used in the pack 
aging for distribution of reagents in a kit, including without 
limitation containers, vials, tubes, bottles, pouches, blister 
packaging, labels, tags, instruction sheets and package 
inserts. 

0284. In one aspect, the invention provides a kit for mak 
ing a random array of concatemers of DNA fragments from a 
Source nucleic acid comprising the following components: (i) 
a Support having a surface; and (ii) at least one adaptor for 
ligating to each DNA fragment and forming a DNA circle 
therewith, each DNA circle capable of being replicated by a 
rolling circle replication reaction to form a concatemer that is 
capable of being randomly disposed on the Surface. In Such 
kits, the Surface may be a planar Surface having an array of 
discrete regions, wherein each discrete region has a size 
equivalent to that of said concatemers. The discrete regions 
may form a regular array with a nearest neighbor distance in 
the range of from 0.1 to 20 lum. The concatemers on the 
discrete regions may have a nearest neighbor distance Such 
that they are optically resolvable. The discrete regions may 
have capture probes attached and the adaptors may each have 
a region complementary to the capture oligonucleotides Such 
that the concatemers are capable of being attached to the 
discrete regions by formation of complexes between the cap 
ture oligonucleotides and the complementary regions of the 
adaptor oligonucleotides. In some aspects, the concatemers 
are randomly distributed on said discrete regions and the 
nearest neighbor distance is in the range of from 0.3 to 3 um. 
0285 Such kits may further comprise (a) a terminal trans 
ferase for attaching a homopolymer tail to said DNA frag 
ments to provide a binding site for a first end of said adaptors, 
(b) a ligase for ligating a strand of said adaptor oligonucle 
otide to ends of said DNA fragment to form said DNA circle, 
(c) a primer for annealing to a region of the strand of said 
adaptors, and (d) a DNA polymerase for extending the primer 
annealed to the strand in a rolling circle replication reaction. 
The above adaptor oligonucleotide may have a second end 
having a number of degenerate bases in the range of from 4 to 
12. 
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0286 Instill another aspect, the invention provides kits for 
constructing a single molecule array comprising the follow 
ing components: (i) a Support having a surface having reactive 
functionalities; and (ii) a plurality of macromolecular struc 
tures each having a unique functionality and multiple 
complementary functionalities, the macromolecular struc 
tures being capable of being attached randomly on the Surface 
wherein the attachment is formed by one or more linkages 
formed by reaction of one or more reactive functionalities 
with one or more complementary functionalities; and 
wherein the unique functionality is capable of selectively 
reacting with a functionality on an analyte molecule to form 
the single molecule array. In a preferred aspect, the macro 
molecular structures comprise deletion mate pairs, deletion 
mate pair constructs, and/or amplicons of deletion mate pair 
constructs. In some aspects of such kits, the Surface is a planar 
Surface having an array of discrete regions containing said 
reactive functionalities and wherein each discrete region has 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS : 11 

<210 SEQ ID NO 1 
<211 LENGTH: 14 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<22 Oc FEATURE; 
<223> OTHER INFORMATION: adaptor 

<4 OO SEQUENCE: 1 

aaaaaaattt ttitt 

<210 SEQ ID NO 2 
<211 LENGTH: 14 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: adaptor 

<4 OO SEQUENCE: 2 

tttittittaala aaaa. 

<210 SEQ ID NO 3 
&2 11s LENGTH: 57 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (5) . . . (12) 
<223> OTHER INFORMATION: n is a, c, g, or t 

represented by B" in specification 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (24) . . . (26) 
<223> OTHER INFORMATION: n is a, c, g, or t 

represented by B" in specification 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (27) . . . (29) 

Jul. 17, 2008 

an area less than 1 Lum. In further aspects, the discrete regions 
form a regular array with a nearest neighbor distance in the 
range of from 0.1 to 20 Lum. In further aspects, the concate 
mers on the discrete regions have a nearest neighbor distance 
such that they are optically resolvable. In still further aspects, 
the macromolecular structures may be concatemers of one or 
more DNA fragments and wherein the unique functionalities 
are at a 3' end or a 5' end of the concatemers. 
0287 While this invention has been disclosed with refer 
ence to specific aspects and embodiments, it is apparent that 
other embodiments and variations of this invention may be 
devised by others skilled in the art without departing from the 
true spirit and scope of the invention. Furthermore, method 
ologies and examples provided in U.S. patent application Ser. 
Nos. 1 1/451,691, filed Jun. 13, 2006; 11/451,692, filed Jun. 
13, 2006 and 11/679,124, filed Feb. 26, 2007 are hereby 
incorporated by reference in their entirety for use with meth 
ods and compositions herein disclosed. 

14 

14 

<223> OTHER INFORMATION: n is a deletion of known length 
represented by . . . 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (30) ... (39) 
<223> OTHER INFORMATION: n is a, c, g, or t 

..' in specification 
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- Continued 

represented by B" in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (40) . . . (42) 
OTHER INFORMATION: n is a deletion of known length 
represented by . . . " in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (43) . . . (45) 
OTHER INFORMATION: n is a, c, g, or t 
represented by B" in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (50) . . . (54) 
OTHER INFORMATION: n is a, c, g, or t 
represented by B" in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (55) . . . (57) 
OTHER INFORMATION: n is a deletion of known length 
represented by . . . " in specification 
FEATURE: 

OTHER INFORMATION: Target fragment 

<4 OO SEQUENCE: 3 

catginnnnnn laaaaaaaa aaa nnnn.ncatgn 

SEQ I 
LENGT 
TYPE : 
ORGAN 
FEATU 

NAME/ 
LOCAT 
OTHER 

D NO 4 
H: 24 
DNA 

ISM: Artificial Sequence 
RE: 

KEY: misc feature 
ION: (1) . . . (6) 
INFORMATION: n is a, c, g, or t 

represented by B" in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (7) ... (9) 
OTHER INFORMATION: n is a deletion of known length 
represented by . . . " in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (10) . . . (12) 
OTHER INFORMATION: n is a, c, g, or t 
represented by B" in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (17) . . . (21) 
OTHER INFORMATION: n is a, c, g, or t 
represented by B" in specification 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (22) . . . (24) 
OTHER INFORMATION: n is a deletion of known length 
represented by . . . " in specification 
FEATURE: 

OTHER INFORMATION: adaptor 

<4 OO SEQUENCE: 4 

nncatginnnn 

SEO ID NO 5 
LENGTH: 16 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (1) . . . (8) 
OTHER INFORMATION: universal oligonucleotide 
FEATURE: 

NAME/ KEY: misc feature 

f 

24 
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- Continued 

LOCATION: 9 

OTHER INFORMATION: n is a, c, t or g 
represented by B" in specification 
is associated with specific dye or tag at the end 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (10) . . . (16) 
<223> OTHER INFORMATION: n is a, c, t, or g 
&220s FEATURE: 

<223> OTHER INFORMATION: adaptor 

<4 OO SEQUENCE: 5 

16 

<210 SEQ ID NO 6 
<211 LENGTH: 16 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) . . . (8) 
<223> OTHER INFORMATION: universal oligonucleotide 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: 9 

<223> OTHER INFORMATION: n is a, c, t or g 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: 10 

<223> OTHER INFORMATION: n is a, c, t or g 
represented as B" in specification 
associated with a specific dye or tag 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (11) . . . (16) 
<223> OTHER INFORMATION: n is a, c, t or g 
&220s FEATURE: 

<223> OTHER INFORMATION: adaptor 

<4 OO SEQUENCE: 6 

16 

<210 SEQ ID NO 7 
<211 LENGTH: 16 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) . . . (8) 
<223> OTHER INFORMATION: universal oligonucleotide 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (9) . . . (10) 
<223> OTHER INFORMATION: n is a, c, t or g 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: 11 

<223> OTHER INFORMATION: n is a, c, t or g 
represented as 'B' in specification 
associated with a specific dye or tag 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (12) . . . (16) 
<223> OTHER INFORMATION: n is a, c, t or g 
&220s FEATURE: 

<223> OTHER INFORMATION: adaptor 

<4 OO SEQUENCE: 7 

16 
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SEQ ID NO 8 
LENGTH: 16 
TYPE: DNA 

FEATURE: 

OTHER INFORMAT 
FEATURE: 

OTHER INFORMAT 
FEATURE: 

LOCATION: 12 
OTHER INFORMAT 
represented as 
associated Wit 
FEATURE: 

OTHER INFORMAT 
FEATURE: 
OTHER INFORMAT 

SEQUENCE: 8 

SEO ID NO 9 
LENGTH: 16 
TYPE: DNA 

FEATURE: 

OTHER INFORMAT 
FEATURE: 

OTHER INFORMAT 
FEATURE: 

LOCATION: 13 
OTHER INFORMAT 
represented as 
associated Wit 
FEATURE: 

OTHER INFORMAT 
FEATURE: 
OTHER INFORMAT 

SEQUENCE: 9 

SEQ ID NO 10 
LENGTH: 16 
TYPE: DNA 

NAMEAKEY: misc 
LOCATION: (9) . . 

NAMEAKEY: misc 

NAMEAKEY: misc 
LOCATION: (13). 

NAMEAKEY: misc 
LOCATION: (9) . . 

NAMEAKEY: misc 

NAMEAKEY: misc 
LOCATION: (14) . 

34 

- Continued 

ORGANISM: Artificial Sequence 

NAMEAKEY: misc feature 
LOCATION: (1) . . . (8) 

ON: universal oligonucleotide 

feature 
. (11) 
ON: n is a, c, t or g 

feature 

ON: n is a, c, t or g 
"B" in specification 

h a specific dye or tag 

feature 
... (16) 
ON: n is a, c, t or g 

ON: adaptor 

ORGANISM: Artificial Sequence 

NAMEAKEY: misc feature 
LOCATION: (1) . . . (8) 

ON: universal oligonucleotide 

feature 
. (12) 
ON: n = a, c, t or g 

feature 

ON: n is a, c, t or g 
"B" in specification 

h a specific dye or tag 

feature 
... (16) 
ON: n= a, c, t or g 

ON: adaptor 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: target sequence 

SEQUENCE: 1.O 

cgcgatatic catat 

SEQ ID NO 11 
LENGTH: 12 
TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

16 

16 

16 
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- Continued 

&220s FEATURE: 

<223> OTHER INFORMATION: target seqeunce 

<4 OO SEQUENCE: 11 

cgat.cgat.cg at 

What is claimed is: 
1. A method for forming a polynucleotide comprising a 

deletion mate pair, the method comprising: 
(a) providing a first linear construct, wherein the linear 

construct comprises a first adaptor interposed between a 
first target polynucleotide fragment and a second target 
polynucleotide fragment, and wherein the first target 
polynucleotide fragment and the second target poly 
nucleotide fragment are contiguous nucleic acids within 
a target polynucleotide; 

(b) ligating a deletion adaptor to the first linear construct to 
form a second linear construct, wherein the deletion 
adaptor comprises a recognition site for a restriction 
endonuclease, and wherein the restriction endonuclease 
cleaves at a known distance from said recognition site; 

(c) cleaving the second linear construct with the restriction 
endonuclease to form a third linear construct, 

thereby forming the polynucleotide comprising a deletion 
mate pair. 

2. The method of claim 1, further comprising: 
(d) providing a second adaptor to the cleaved second linear 

construct; and 
(e) ligating the adaptor to one end of the cleaved second 

linear construct to form a fourth linear construct. 
3. The method of claim 2, further comprising: 
(f) providing a third adaptor to the end of the fourth linear 

construct opposite the end with the ligated second adap 
tor, and 

(g) ligating the third adaptor to the fourth linear construct. 
4. The method of claim 3, further comprising: 
(h) circularizing the fourth linear construct. 
5. The method of claim 1, wherein the cleaving step (c) 

comprises deleting a known number of bases from the second 
target polynucleotide fragment. 

6. The method of claim 1, wherein at least one adaptor 
comprises two recognition sites for the restriction endonu 
clease on each end. 

7. A method for forming a polynucleotide comprising a 
deletion mate pair, the method comprising: 

(a) providing a first circular construct, wherein the con 
struct comprises a first adaptor and a target polynucle 
otide, wherein the first adaptor comprises a recognition 
site for a first restriction endonuclease that cleaves at a 
known distance from the recognition site and a recogni 
tion site for a second restriction endonuclease that 
cleaves within the first adaptor; 

(b) cleaving the first circular construct with the first restric 
tion endonuclease to form a first linear construct, 

(c) cleaving the first linear construct with the second 
restriction endonuclease to form a second linear con 
struct; and 

(d) circularizing the second linear construct to create a 
second circular construct; 

12 

thereby forming the polynucleotide comprising a deletion 
mate pair. 

8. The method of claim 7, further comprising repeating 
steps (b) through (d) on the second circular construct, thereby 
forming a third circular construct comprising a deletion mate 
pair. 

9. The method of claim8, wherein steps (b) through (d) are 
repeated at least three times to create a series of constructs. 

10. The method of claim 8, wherein different second 
restriction endonucleases are used in cleaving step (c). 

11. The method of claim 8, wherein the same second 
restriction endonuclease is used to cleave in step (c). 

12. A method for forming a polynucleotide comprising a 
deletion mate pair, the method comprising: 

(a) providing a first linear construct comprising a target 
polynucleotide and an adaptor, wherein a first adaptor is 
attached to one end of the target polynucleotide; 

(b) ligating a deletion adaptor to the end of the first linear 
construct opposite the first adaptor, wherein the deletion 
adaptor comprises a recognition site for a restriction 
endonuclease that cleaves at a known distance from the 
recognition site; and 

(c) cleaving the first linear construct with the restriction 
endonuclease to form a second linear construct, 

thereby forming the polynucleotide comprising a deletion 
mate pair. 

13. The method of claim 12, further comprising: 
(d) providing a second adaptor to the cleaved second linear 

construct; and 
(e) ligating the second adaptor to the end of the second 

linear construct that is opposite of the first adaptor. 
14. The method of claim 12, further comprising: 
(f) circularizing the second linear construct. 
15. The method of claim 13, wherein steps (b) and (c) are 

repeated on the second linear construct. 
16. The method of claim 15, wherein steps (b) and (c) are 

repeated three or more times to create a series of constructs. 
17. A method for forming a polynucleotide comprising a 

deletion mate pair, the method comprising: 
(a) providing a first linear construct comprising a target 

polynucleotide; 
(b) ligating a deletion adaptor to one end of the linear 

construct, wherein the deletion adaptor comprises a rec 
ognition site for a restriction endonuclease that cleaves 
at a known distance from the recognition site; and 

(c) cleaving the first linear construct with the restriction 
endonuclease to form a second linear construct, 

thereby forming the polynucleotide comprising a deletion 
mate pair. 

18. The method of claim 17, further comprising 
(d) providing a first adaptor, and 
(e) ligating the first adaptor to the second linear construct to 

create a third linear construct. 
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19. The method of claim 18, further comprising circular 
izing the third linear construct. 

20. The method of claim 18, further comprising: 
(d) providing a second adaptor, and 
(e) ligating the second adaptor to the second linear con 

struct on the end opposite of the first adaptor. 
21. The method of claim 17, further comprising repeating 

steps (b) and (c) on the second linear construct, thereby form 
ing a third linear construct with a deletion mate pair. 

22. The method of claim 21, wherein steps (b) and (c) are 
repeated at least three times to create a series of constructs. 

23. A method for forming a polynucleotide comprising a 
deletion mate pair, the method comprising: 

(a) providing a first circular construct, wherein the con 
struct comprises a first adaptor and a target polynucle 
otide, wherein the first adaptor comprises a recognition 
site for a first restriction endonuclease that cleaves at a 
known distance from the recognition site; 

(b) cleaving the first circular construct with the first restric 
tion endonuclease to form a first linear construct, 

(c) providing a second adaptor, wherein the second adaptor 
comprises a recognition site for a second restriction 
endonuclease that cleaves at a known distance from the 
recognition site; 

(d) ligating the second adaptor to one end of the first linear 
construct to create a second linear construct; and 

(e) circularizing the second linear construct to form a sec 
ond circular construct; 

thereby forming the polynucleotide comprising a deletion 
mate pair. 

24. The method of claim 23, further comprising repeating 
steps (b) through (e) on the second circular construct, thereby 
forming a third circular construct with a deletion mate pair. 

25. The method of claim 24, wherein steps (b) through (e) 
are repeated at least three times to create a series of constructs. 

26. A method for analyzing a polynucleotide sequence, the 
method comprising: 

(a) providing a deletion mate pair construct, wherein the 
deletion mate pair construct comprises: 
i) a first adaptor, 
ii) a second adaptor, 
iii) a first target sequence, and 
iv) a second target sequence, 

wherein the first target sequence and the second target 
sequence span a portion of the polynucleotide sequence; 

(b) identifying at least one nucleotide of the first target 
sequence and at least one nucleotide of the second target 
Sequence, 

thereby analyzing the polynucleotide sequence. 
27. The method of claim 26, wherein the at least one 

nucleotide of the first target sequence and the at least one 
nucleotide of the second target sequence are separated by a 
known distance in the polynucleotide sequence. 

28. The method of claim 26, wherein one or more of the 
first adaptor and the second adaptor comprises an anchor 
probe hybridization site, and the identifying step (b) com 
prises: 

i) hybridizing an anchor probe to the anchor probe hybrid 
ization site; 

ii) hybridizing sequencing probes to the first target 
sequence and the second target sequence; 

iii) ligating adjacent hybridized sequencing and anchor 
probes to form ligated probes; and 
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iv) detecting the ligated probes to identify nucleotides of 
one or more of the first target sequence and the second 
target Sequence. 

29. The method of claim 26, wherein one or more of the 
first adaptor and the second adaptor comprises an anchor 
probe hybridization site, and the identifying step (b) com 
prises: 

i) hybridizing an anchor probe to the anchor probe hybrid 
ization site; 

ii) adding a polymerase and at least one dNTP comprising 
a label under conditions wherein if the dNTP is perfectly 
complementary to a detection position, the dNTP is 
added to the anchor probe to form an extended probe, 
thereby creating an interrogation position of the 
extended probe; and 

iii) determining the nucleotide at the interrogation position 
of the extended probe. 

30. The method of claim 26, wherein the identifying step 
(b) comprises: 

(a) contacting the deletion mate pair construct with a set of 
sequencing probes, wherein each of the sequencing 
probes comprises: 
i) a first domain complementary to the first adaptor or to 

the second adaptor; 
ii) a unique nucleotide at a first interrogation position; 
and 

iii) a label; 
under conditions wherein if the unique nucleotide is 

complementary to a first nucleotide in the first target 
sequence or the Second target sequence, a sequencing 
probe hybridizes to the deletion mate pair construct; and 

(b) detecting the label of the hybridized sequencing probe, 
thereby identifying a nucleotide in the first target 
sequence or the second target sequence. 

31. A method for forming a library of a plurality of circu 
larized deletion mate pair constructs, the method comprising: 

(a) ligating a deletion adaptor to each of a plurality of first 
linear constructs, wherein the deletion adaptor com 
prises a recognition site for a restriction endonuclease, 
and wherein the restriction endonuclease cleaves at a 
known distance from the recognition site; 

(b) cleaving at least a portion of the plurality of first linear 
constructs with the restriction endonuclease to provide a 
plurality of second linear constructs; and 

(c) circularizing a plurality of the second linear constructs, 
thereby forming the library of circularized deletion mate 
pair constructs. 

32. The method of claim 31, wherein each of the plurality 
of first linear constructs comprises a circularization adaptor, 
wherein the circularization adaptor comprises a recognition 
site for a restriction endonuclease. 

33. The method of claim 32, wherein the plurality of first 
linear constructs is formed by a method comprising: 

(a) providing a plurality of circularized polynucleotides, 
wherein each of the circularized polynucleotides com 
prises a circularization adaptor, and wherein the circu 
larization adaptor comprises a recognition site for a 
restriction endonuclease; 

(b) cleaving the plurality of circularized polynucleotides 
with the restriction endonuclease, 

thereby forming the plurality of first linear constructs. 
34. The method of claim 32 or 33, wherein the recognition 

site in the circularization adaptor is identical to the recogni 
tion site in the deletion adaptor. 
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35. The method of claim 32 or 33, wherein the recognition 
site in the circularization adaptor is different from the recog 
nition site in the deletion adaptor. 

36. The method of claim31, wherein the known distance in 
step (a) is at least 20 bases. 

37. The method of claim 31, wherein step (b) is performed 
without purifying the product of step (a), and step (c) is 
performed without purifying the second linear constructs 
formed in step (b). 

38. A method for forming a random array, the method 
compr1S1ng: 

(a) providing a Support comprising a surface; 
(b) providing a plurality of deletion mate pair constructs; 
(c) immobilizing the plurality of deletion mate pair con 

structs, thereby forming the random array. 
39. The method of claim 38, wherein: 
(i) the Surface comprises capture probes; 
(ii) each of the plurality of deletion mate pair constructs 

comprises at least one adaptor, wherein the at least one 
adaptor comprises a sequence complementary to at least 
one capture probe; 

(iii) the immobilizing step comprises forming a duplex 
between the adaptor and the complementary capture 
probe, 

40. The method of claim 38, wherein: 
(i) the Surface comprises reactive functionalities; 
(ii) each of the plurality of deletion mate pair constructs 

comprises at least one functionality complementary to at 
least one reactive functionality; and 

(iii) the immobilizing step comprises forming one or more 
linkages between at least one reactive functionality and 
a functionality complementary to that reactive function 
ality. 

41. The method of claim38, wherein the immobilizing step 
occurs through non-covalent interactions between the plural 
ity of deletion mate pair constructs and the Surface. 

42. The method of claim 38, wherein the plurality of dele 
tion mate pair constructs is formed by: 

(a) providing a plurality of circularized polynucleotides, 
wherein each of the circularized polynucleotides com 
prises a first adaptor, and wherein the first adaptor com 
prises a first recognition site for a first restriction endo 
nuclease, 

(b) cleaving the plurality of circularized polynucleotides 
with the first restriction endonuclease to provide a plu 
rality of first linear constructs: 

(c) ligating a second adaptor to the first linear constructs, 
wherein the second adaptor comprises a recognition site 
for a second restriction endonuclease, and wherein the 
second restriction endonuclease cleaves at a known dis 
tance from the recognition site; 

(d) cleaving the plurality of first linear constructs with the 
second restriction endonuclease to provide a plurality of 
second linear constructs, 

thereby forming the plurality of deletion mate pair con 
StructS. 

43. An array made according to the method of claim 38. 
44. A library comprising a plurality of deletion mate pair 

constructs, wherein the plurality of deletion mate pair con 
structs comprises target sequences, and wherein the target 
sequences together represent at least about 80% of a genome. 
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45. The library of claim 44, wherein each of the deletion 
mate pair constructs further comprises an adaptor, and the 
adaptor comprises a recognition site for a restriction endonu 
clease. 

46. The library of claim 45, wherein the adaptor further 
comprises a recognition site for a sequencing primer. 

47. The library of claim 45, wherein the adaptor is inter 
posed between a first target sequence and a second target 
Sequence. 

48. The library of claim 47, wherein the first target 
sequence and the second target sequence are of the same 
length. 

49. The library of claim 47, wherein the first target 
sequence and the second target sequence are of different 
lengths. 

50. The library of claim 47, wherein the first target 
sequence and the second target sequence each have a length of 
about 3 nucleotides to about 100 nucleotides. 

51. The library of claim 47, wherein the first target 
sequence and the second target sequence each have a length of 
about 8 nucleotides to about 24 nucleotides. 

52. A library comprising a plurality of circularized deletion 
mate pair constructs, wherein: 

(a) the plurality of deletion mate pair constructs comprises 
target sequences, and wherein the target sequences rep 
resent at least about 80% of a genome; 

(b) each of the plurality of circularized deletion mate pair 
constructs comprises a first adaptor, a first target 
sequence, and a second target sequence; and 

(c) the first target sequence and the second target sequence 
are separated by a known number of bases within the 
genome. 

53. A substrate comprising a plurality of immobilized con 
catemers, wherein: 

(a) each unit of the concatemer comprises a deletion mate 
pair construct, wherein the deletion mate pair construct 
comprises a first target sequence and a second target 
Sequence; 

(b) the first target sequence and the second target sequence 
are derived from a target polynucleotide; and 

(c) the first target sequence and the second target sequence 
are separated by a known distance within the target 
polynucleotide. 

54. The substrate of claim 37, wherein the plurality of 
immobilized concatemers represents at least about 80% of a 
genome. 

55. An amplicon made by amplification of a circular library 
construct comprising target nucleic acid interspersed with a 
plurality of adaptors, wherein at least two sets of the adaptors 
are positioned on either side of a target polynucleotide of 
known length. 

56. The amplicon of claim 55, wherein the target poly 
nucleotide between the two sets of adaptors are of the same 
known length. 

57. The amplicon of claim 55, wherein one or more of the 
adaptors comprises a restriction endonuclease recognition 
site. 

58. The amplicon of claim 57, wherein the restriction endo 
nuclease recognition site is a Type IIs restriction endonu 
clease recognition site. 

59. The amplicon of claim 55, wherein each adaptor of the 
plurality of adaptors further comprises a different anchor 
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primer binding site at a 5' and 3' end of each of the plurality of 
adaptors. 

60. A plurality of amplicons of circular library constructs, 
wherein each amplicon comprises target nucleic acid inter 
spersed with a plurality of adaptors, wherein at least two sets 
of the adaptors are positioned on either side of a target poly 
nucleotide of known length. 

61. The plurality of amplicons of claim 60, wherein each of 
the plurality of adaptors in each amplicon has been selected to 
have a desired orientation with respect to at least one other of 
the plurality of adaptors. 

62. The plurality of amplicons of claim 60, wherein the 
target nucleic acid is genomic DNA, cDNA or RNA, and 
wherein the plurality of amplicons comprises Substantially all 
of genomic DNA, cDNA or RNA of interest. 

63. The plurality of amplicons of claim 60, wherein one or 
more of the adaptors comprises a restriction endonuclease 
recognition site. 
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64. The plurality of amplicons of claim 63, wherein the 
restriction endonuclease recognition site is a Type IIs restric 
tion endonuclease recognition site. 

65. The plurality of amplicons of claim 63, wherein each 
adaptor of the plurality of adaptors further comprise a differ 
ent anchor primer binding site at a 5' and 3' end of each of the 
plurality of adaptors. 

66. A kit for selecting for desired orientations of multiple 
adaptors in library constructs, wherein said kit comprises: 

(a) a first double-stranded adaptor, wherein the first 
double-stranded adaptor comprises a recognition site for 
a first Type IIs restriction endonuclease; 

(b) a second double-stranded adaptor, wherein the second 
double-stranded adaptor comprises a restriction site for 
a second Type IIs restriction endonuclease; and 

(c) primers complementary to both ends of each of said first 
and second adaptors. 
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