WO 2011/ 043857PCT/ US2010/ 043866 METHODS OF CHARACTERI ZI NG SMALL NUCLEI C
ACI D MOLECULES Rel at ed Application' The present application clains

t he benefw0 20f1/@sgb7priority to U S. nonprovisional pateRrCTASpI1I0OIISHON
serial nunmber 12/575,703, filed Cctober 8, 2009, the content of which is

i ncorporated by reference herein inits entirety. Field of the Invention
The invention generally relates to nethods of characterizing small nucleic
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restriction endonucl eases to develop restriction maps, can provi de accurate
information about the nucleic acid sequences of various organi sns.
Restriction maps of, e.g., deox}elisddipplisatioraci d (DNA), can be generated by
optical mapp g%sen%h*)ﬁcaaho%ﬁ%?&e%%Hefﬂro?gﬂ& n&li&% £ It h{)ov?s% Of pifBRs by
usi ng fluorescence Crosco 0 visualize est 1”0 eRdonucl ease cutting
event Splﬂn:andstdseﬂadmhbéraueiBWO@Me&@Wk 852009, the cofienesfathivh isdptdrparatedaps
are produced fromdigestion of |arge genom c DNA nolecules (e.g., from
about by sefersner bsasia %&F FRUTER- about 2.5 nillion base pairs). Digestion of

| arge genom ¢ DNA nol ecules with restriction endonucl eases typically used
for optical mapping produces restriction fragnments ranging froma few base
pairs to several hundred thousé%ﬂdbﬁﬁmlgaﬁmbn with an average fragment size

typically ound 10, 000 hase alrs ch l.ar ge chronosomal .DNA fragnents
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di geshioules, such as ﬁl%ﬁﬁlidfs'o?ﬁﬁél@l@ a@ifd RN Giftath&b b LRkiscal mappi ng
general |y requires that nol ecul es contain at least 5 internal

restriction fragnents, usually | arger than 1000 base-pairs. Therefore snal
DNA nol ecul es such as |inear plasgédg %nd!viruses, and circul ar plasmds
and viruses, that are less than 1 e-pairs in size do not normally

yield a suPhyMae apPiage gefdmdsNE. 8, Dsihg késatiRA et déruchlabVio ideRNGp feseREbAN
based on their internal restrictron fragnent patterns. There is an unnet

need FBPS:Pak REYsdeqiccunate intarmation shpus themucleircacid sequences abyaiaus @gganisms.
Restriction maps of, e.g., deoxyribonucleic acid (DNA), can be generated by optical mapping.

Optical mapping can produce ordered restriction maps by using fluorescence microscopy to
visualize restriction endonuclease cutting events on individual labeled DNA molecules.
Generally, optical maps are produced from digestion of large genomic DNA molecules
(e.g., from about 250,000 base pairs to about 2.5 million base pairs). Digestion of large genomic
DNA molecules with restriction endonucleases typically used for optical mapping produces
restriction fragments ranging from a few base pairs to several hundred thousand base pairs, with
an average fragment size typically around 10,000 base pairs. Such large chromosomal DNA
fragments typically yield more than 25 internal restriction fragments after digestion.
Identification of DNA molecules by optical mapping generally requires that DNA
molecules contain at least 5 internal restriction fragments, usually larger than 1000 base-pairs.
Therefore small DNA molecules such as linear plasmids and viruses, and circular plasmids and
viruses, that are less than 10,000 base-pairs in size do not normally yield a sufficient number of
internal fragments to allow identification based on their internal restriction fragment patterns.

There is an unmet need for methods of characterizing small nucleic acid molecules.



WD 2011/ 043857PCT/ US2010/ 043866 Sunmmary The invention takes advant age
of rolling circle anplification to increase the size of small nucleic acid
nol ecul eswecaotiasssthese nol ecul es wi Il behave sim | arl yPCo/uSango4IBHA

nol ecul es, and thus an optical map of the small nucleic acid nol ecul e can
be obtained. Generally, rolling circle anplification is used to generate

| ong, l|inear concatanmers fromsmall single-stranded, or doubl e-stranded,
nucl eic acid nol ecul es such as plasm ds and viruses. The concataners may
reach sizes greater than a hundredSuimouasand base pairs, e. g., nor e t han 20
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nucl eic acid nolecule including performng rolling circle anplification on
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However, methods of the invention can be carried out with fewer internal restriction sites. The
small circular nucleic acid molecule can be a plasmid. The small nucleic acid molecule can be
obtained from a virus. The small nucleic acid molecule can be single-stranded or double-
stranded.

Another aspect of the invention provides a method of characterizing a small linear
nucleic acid molecule including circularizing a small linear nucleic acid molecule to produce a
circular nucleic acid molecule, performing rolling circle amplification on the circular nucleic
acid molecule, thereby producing a concatamer, and generating an optical map of the
concatamer, thereby characterizing the small linear nucleic acid molecule.

Another aspect of the invention provides a method of characterizing a small circular
nucleic acid molecule including performing rolling circle amplification on a small circular

nucleic acid molecule, thereby producing a concatamer, depositing the concatamer onto a surface



such that the concataner is elongated and fixed on the surface so that the
concat aner renmi ns accessible for enzymatic reactions, digesting the
concat amewoenryisgs7cal |y t o produce one or nore restri cPCONUSAIINDII8EG
imaging the restriction digests, and constructing an optical map fromthe
restriction digests. Prior to the performng step, the nmethod can further
include circularizing a small linear nucleic acid nolecule. In certain
enbodi ments, the surface is derivatized glass. Detail ed Description
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WO 2011/ 043857PCT/ US2010/ 043866 5, 001, 050; Doublie etal. (1998) Nature,
391: 251-58; O0llis et al. (1985) Nature, 313: 762-66; Beese et al., (1993)
Sci ence 280:208%@33%%; Korolev et al.(1995) Proc. Natl. Aeau/USStio/04386A, 92:
9264-68; Keifer et al. (1997) Structure, 5:95-108; and Kimet al. (1995)
Nat ure, 376:612-16. The contents of these patents and articles are

i ncorporated by reference herein in their entirety. Primers for
rolling circle anplification may be synthetically made using conventi onal
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i ncor pieclebmglifigatioaneayeecesed ar the medctio,for examiple, (pht 22BDNA polymerase, Taq
polymerase, T7 mutant DNA polymerase, TS DNA polymerase, Klenow, Sequenase, other
known DNA polymerases, RNA polymerases, thermostable polymerases, thermodegradable

polymerases, and reverse transcriptases. See e.g., Blanco et al., U.S. Pat. Nos. 5,198,543 and



Optical Maps are constructed as described in Reslewmc et al., Appl Environ
M crobiol. 2005 Sep; 71 (9):5511-22, incorporated by reference herein.
Briefly, wodouidses? chronosonmal fragnments fromtest org&oirarsgo1anesses

i mmobi i zed on derivatized glass by virtue of electrostatic interactions
bet ween the negativel y-charged DNA and the positively-charged surface,
digested with one or nore restriction endonucl ease, stained with an
intercalating dye such as YOYO-1 (lInvitrogen) and positioned onto an
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of a portion of a gepo (e.g., .a chronpsone) an tire none.
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ident]irr]LF'dij B‘ﬁ hélf‘ﬁl)ds can be used in diagnosing a disease or disorder.
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e.g., in a US Patent Application erlal 12/ 120,586, filed on My
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illustrative rather than limting on the invention described herein. Scope

of theaternsention is thus indicated by the appended cl ai ms rather than by
and range BnAeagros BRI iAoV o B0 R Phie arBR e Lpo R gae Y "
enbr ageficé HEhE tbncatamer form, which behaves similarly to large genomic DNA fragments prior

to digestion, and thus allows one to obtain an optical map of a small nucleic acid molecule.

Optical mapping is a single-molecule technique for production of ordered restriction maps from

a single DNA molecule (Samad et al., Genome Res. 5:1-4, 1995).

Various methods can be used for controllable elongation of single nucleic acid molecules
in optical mapping and/or sequencing. The methods can be gel-based, solid surface-based, and

flow-based (see, e.g., U.S. Pat. No. 6,509,158). During some applications, individual



WD 2011/ 043857 What is clainmed is: PCT/US2010/ 043866 1. A nethod of
characterizing a small circular nucleic acid nol ecule, the nethod

conpri si NyO 2011/043857 performing rolling circle anpli Pctaszan/esse@ smal |
circular nucleic acid nol ecule, thereby producing a concataner; and
generating an optical map of the concataner, thereby characterizing the
smal |l circular nucleic acid nolecule. 2. The method according to claim1,
wherein prior to said performng step, the nmethod further conprises

ci r cufleorescently abelad [DINA imvderules acd dougatesd id arfiive ofidgarose between a coverslip and

a microscope slide (in a first-generation method) or fixed onto polylysine-treated glass surfaces
(in a second-generation method). Samad et al. supra. The added endonuclease cuts the DNA at
specific points, and the fragments are imaged. Id. Restriction maps can be constructed based on
the number of fragments resulting from the digest. Id. Generally, the final map is an average of
fragment sizes derived from similar molecules. /d.

Optical mapping and related methods are described in U.S. Pat. No. 5,405,519, U.S. Pat.
No. 5,599,664, U.S. Pat. No. 6,150,089, U.S. Pat. No. 6,147,198, U.S. Pat. No. 5,720,928, U.S.
Pat. No. 6,174,671, U.S. Pat. No. 6,294,136, U.S. Pat. No. 6,340,567, U.S. Pat. No. 6,448,012,
U.S. Pat. No. 6,509,158, U.S. Pat. No. 6,610,256, and U.S. Pat. No. 6,713,263. All the cited
patents are incorporated by reference herein in their entireties.

Optical Maps are constructed as described in Reslewic et al., Appl Environ Microbiol.
2005 Sep; 71 (9):5511-22, incorporated by reference herein. Briefly, individual chromosomal
fragments from test organisms are immobilized on derivatized glass by virtue of electrostatic
interactions between the negatively-charged DNA and the positively-charged surface, digested
with one or more restriction endonuclease, stained with an intercalating dye such as YOYO-1
(Invitrogen) and positioned onto an automated fluorescent microscope for image analysis. Since
the chromosomal fragments are immobilized, the restriction fragments produced by digestion
with the restriction endonuclease remain attached to the glass and can be visualized by
fluorescence microscopy, after staining with the intercalating dye. The size of each restriction
fragment in a chromosomal DNA molecule is measured using image analysis software and
identical restriction fragment patterns in different molecules are used to assemble ordered
restriction maps covering the entire chromosome.

Restriction mapping, e.g., optical mapping, can be used in a variety of applications. For
example, the methods featured herein can be used to determine a property, e.g., physical and/or
chemical property, e.g., size, length, restriction map, weight, mass, sequence, conformational or
structural change, pKa change, distribution, viscosity, rates of relaxation of a labeled and/or non-
labeled molecule, e.g., an amplicon (e.g., PCR product), of a portion of a genome (e.g., a
chromosome), or of an entire genome.

The methods can also be used to identify various organisms, e.g., viruses and prions, and

various microorganisms, €.g., bacteria, protists, and fungi, whose genetic information is stored as



3. The method according to claim 1, wherein the concataner conprises at

| east about five internal restriction sites. 4. The nmethod according to
claim 11, wbenavoa3gshe nucleic acid nolecule is DNA or RNRCT/US2010/0¢38ret hod
according to claim1l1, wherein the small circular nucleic acid nolecule is a
plasmd. 6. The nmethod according to claim2, wherein the small |inear

nucl eic acid nolecule is obtained froma virus. 7. The nmethod according to
claim1l, wherein the small circular nucleic acid nolecule is
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acid nol ecule to produce circul ar "'nucl ei c aci'd nol ecul

Patent Application Serial Number 12/120,586, filed on May 14, 2008, 1nc0rporated herein by

reference.

The methods featured herein can also be used in other diagnostic applications, for
example, imaging specific loci or genetic regions for individuals or populations to help identify
specific diseases or disorders. Other uses of the methods will be apparent to those skilled in the

art.

Incorporation by Reference

References and citations to other documents, such as patents, patent applications, patent
publications, journals, books, papers, web contents, have been made throughout this disclosure.

All such documents are hereby incorporated herein by reference in their entirety for all purposes.

Equivalents
The invention may be embodied in other specific forms without departing from the spirit

or essential characteristics thereof. The foregoing embodiments are therefore to be considered in
all respects illustrative rather than limiting on the invention described herein. Scope of the
invention is thus indicated by the appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced therein.



performng rolling circle anplification on the circular nucleic acid

nol ecul e, thereby produci ng a concataner; and generating an
optical map 20f1/4Bss7concat aner, thereby characterizi ng tireTarsadio/ohisaear
nucl eic acid nol ecule. 10. The nethod according to claim9, wherein the
concat amer conprises at |east about five internal restriction sites. 11.
The nmetWigd iadgmedisng to claim 9, wherein the nucleic acid nolecule is DNA
or RNA. 12. The nethod according to claim9, wherein the small I|inear
nucl eic acid nolecule is obtained froma virus. 13. The met hod accordi ng

to claim9, wherein.the small |inear nuclejc acid l.ecule |s

i ngl e-lst r afdaeinod FehaaeErine o sl Cusilan %R BelCYS Grmel®d (he smal
IinearCQM?ﬁﬁhg acid nmol ecul e i s doubl e-stranded. 15. A nethod of
characterfzing a small circular nucleic acid nolecule, the nethod

conpri si ng: performingrelingreircie@nipbifitation omiarsedadl caeplai fiucted acid moiecalesmal |
circular nucleic acid nolecule, thereby producing a concataner;

deposi therpytmieduebcroasrmmehtsl a surface such that the concatamer is

el ongated and fixed on the surface.sqo that the concataner. rengins

2ccessi bl e for eRgyune et Puded mBRSr B chuBlanley o AN OhELRAE B Ihc i car 1y
to prodpeRadiele®’ aciPilet@st ri ction

2. The method according to claim 1, wherein prior to said performing step, the method

further comprises circularizing a small linear nucleic acid molecule.

3. The method according to claim 1, wherein the concatamer comprises at least about five

internal restriction sites,

4. The method according to claim 1, wherein the nucleic acid molecule is DNA or RNA.
S. The method according to claim 1, wherein the small circular nucleic acid molecule is a
plasmid.

6. The method according to claim 2, wherein the small linear nucleic acid molecule is

obtained from a virus.

7. The method according to claim 1, wherein the small circular nucleic acid molecule is

single-stranded.

8. The method according to claim 1, wherein the small circular nucleic acid molecule is

double-stranded.

9. A method of characterizing a small linear nucleic acid molecule, the method comprising:

8
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digests; imaging the restriction digests; and constructing an optical map
fromthe restriction digests. 9 RECTIFIED SHEET (RULE 91) ISA/US WO

2011/ 043850RCT/0482010/ 043866 16. The met hod accordi ng taoTaisawiodisee wher ei n
prior to said performng step, the nmethod further conprises circularizing a
small linear nucleic acid nolecule. 17. The nethod according to claim 15,
wher ei n t he conceétaieizingargidllségaducletasid mbRuile fid pi@dudetadiralar hedéici ction
sites. 18. The method according to claim15, wherein the nucleic acid

nol eculeldinol@n&;or RNA.  19. The nethod according to claim15, wherein the

surface is derivatjized gl ass. . e . o
per%ormmggroﬁmg circle amplification on the circular nucleic acid molecule,

thereby producing a concatamer; and
generating an optical map of the concatamer, thereby characterizing the small

linear nucleic acid molecule.

10.  The method according to claim 9, wherein the concatamer comprises at least about five

internal restriction sites.
11. The method according to claim 9, wherein the nucleic acid molecule is DNA or RNA.

12. The method according to claim 9, wherein the small linear nucleic acid molecule is

obtained from a virus.

13. The method according to claim 9, wherein the small linear nucleic acid molecule is

single-stranded.

14.  The method according to claim 9, wherein the small linear nucleic acid molecule is

double-stranded.

15. A method of characterizing a small circular nucleic acid molecule, the method
comprising:

performing rolling circle amplification on a small circular nucleic acid molecule,
thereby producing a concatamer;

depositing the concatamer onto a surface such that the concatamer is elongated
and fixed on the surface so that the concatamer remains accessible for enzymatic reactions;

digesting the concatamer enzymatically to produce one or more restriction
digests;

imaging the restriction digests; and

constructing an optical map from the restriction digests.

9
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20. The nethod according to claim15, wherein the small circular nucleic
acid nolecule is a plasmd. 21. The method according to claim 16, wherein
t he smal Iwoizntwl43857nucl ei ¢ aci d nol ecul e i s obtai ned frecTasze10083864.0
RECTI FI ED SHEET (RULE 91) | SA/US

16.  The method according to claim 13, wherein prior to said performing step, the method

further comprises circularizing a small linear nucleic acid molecule.

17.  The method according to claim 15, wherein the concatamer comprises at least about five

internal restriction sites,

18.  The method according to claim 15, wherein the nucleic acid molecule is DNA or RNA.

19.  The method according to claim 15, wherein the surface is derivatized glass.

20.  The method according to claim 15, wherein the small circular nucleic acid molecule is a

plasmid.

21.  The method according to claim 16, wherein the small circular nucleic acid molecule is

obtained from a virus.
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