90

CLAIMS
WHAT IS CLAIMED IS:

+ 1. A method, comprising:

(a) generating a double-stranded polynucleotide comprising: (i) a first base that is a substrate

for a deaminase that is unprotected, and (ii) a second base that is a substrate for a deaminase

that is protected,

(b) contacting the double-stranded polynucleotide with a helicase and said deaminase to yield
a nucleic acid molecule comprising a nucleic acid sequence comprising a deaminated base

and said second base, wherein a base of said double-stranded polynucleotide is deaminated to
yield said deaminated base, wherein said deaminated base is different from said second base;

(c) sequencing nucleotides of said nucleic acid sequence or a complement thereof to obtain
sequencing data; and

(d) processing said sequencing data to identify and distinguish said first base and said second
base.
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2. The method of claim 1, wherein said nucleic acid molecule comprises sequences of both
strands of said double-stranded polynucleotide, and said sequencing comprises sequencing
said sequences of both strands.

3. The method of claim 1, wherein strands of said double-stranded polynucleotide are linked
covalently via a hairpin.

4. The method of claim 1, further comprising, prior to (a), providing a polynucleotide and
generating said double-stranded polynucleotide from said polynucleotide.

F——35. The method of claim +;—furthercomprising-contacting-an RNA-nueleotide-with-a
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25 lhe—methed—ef—aw—ene—ef—elmm—l—zﬂ further comprising, prior to (a), generatingthe
+conducting one or more chemical
reactions or one or more enzymatlc reactions on the-eriginalsaid polynucleotide erderivative
thereofto generate said double-stranded polynucleotide.

26- 6. The method of claim 255, further comprising,prierte-{a)-generating-theforward
polynucleotide-and-cognatepolynuclestide-by conducting a deaminationnucleic acid extension

reaction using said polynucleotide.
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27— 7. The method of claim 26—wherein-the deamination reactionis-conducted-witha

33.  Themethodefekim-303, further comprising contacting the-forward-pelynucleotideand
the-cognatesaid polynucleotide with an entity having DNA methyltransferase activity.
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60  Themethodofchim59 -whereinthe8. The method of claim 7, wherein said entity
having DNA methyltransferase activity is selected from DNA (cytosine-5)-methyltransferase
1 (DNMT1) or DNA (cytosine-5)-methyltransferase 5 (DNMTS).

6+——9. The method of claim 59-er-elaim-60—-wherein-the-contactinethe forward

ceotide h n-an h no PDNA-m
W 2 Rav
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62.  Themethod-ofanyoneofclaims48-615, further comprising contacting the-forward
pelynuclectide-and-optionally-thecognatesaid polynucleotide with a-deaminationan oxidizing
agent.
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92.  Themethodofchim 9, whereinthesaid oxidizing agent is a methylcytosine
dioxygenase.

93-  11. The method of claim 9410, wherein the-said methylcytosine dioxygenase is a ten-
eleven translocation (TET) enzyme,era-derivative-thereef.

12. The method of claim 5. further contacting said polynucleotide with an glycosylation

agent.
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97 13. The method of claim 96, whereintheagent thatspecifically glycesylates ShmCis -

glucosyltransferaseS, wherein said polynucleotide comprises a methylated base.

98——14. The method of claim 97—wherein-the-contactingthe forward-pelynucleotide-and

oL Ihe—me%hed—ef—any—ene—ef—elwns—se-gsl3 further comprising eentacting-theforward

ith-conducting an ox1dat10n reaction
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——{e}processing said sequencing data to identify said eytesinemethylated base_as
methylated.

16. The method of claim 15, wherein (c) comprises processing said sequencing data to
identify said methylated base as methylated with an accuracy of at least about 8895%.

441 17. The method of claim 1405, whereln said sequeﬂemg-p_olynucleotlde comprlses
sequencing-atleasta pe
st-Faﬂded-eleFNa%we—t-heFeefmethvl cytosine base ora hvdroxvmethvl cytosine base.

+42.  18. The method of claim 24117, further comprising precessingsaid-sequencing
dataconducting a methyltransferase reaction, an oxidation reaction and a glycosylation

reaction to identify-said-eytosine-base-with-an-aceuracy-ofatleastabeut 90%-generate said

double-stranded polynucleotide.

+43-  19. The method of claim 442, furtherecomprisingl 8, wherein (c) comprises processing
said sequencing data to identify said eytesine-base-with-an-aceuracy-ofatleastabeut95%methyl

cytosine base as methyl cytosine or said hydroxymethyl cytosine base as hydroxymethyl
cytosine.

444 20. The method of claim 143, furtherecomprisingl 8, wherein (c) comprises processing
said sequencing data to identify said methyl cytosine base as methyl cytosine or said

hydroxymethyl cytosine base as hydroxymethyl cytosine with an accuracy of at least about
9995%.

+45.  21. The method of claim 4401, wherein said deaminatingbase is performed-with-a
deaminasecytosine base, a methyl cytosine base or a hydroxymethyl cytosine base, and
wherein (¢) comprises identifying said cytosine base, said methyl cytosine, or said
hydroxymethyl cytosine as comprising cytosine.

22. The method of claim 24521, wherein (c¢) comprises processing said sequencing data to
identify said cytosine base, said methyl cytosine, or said hydroxymethyl cytosine as
comprising cytosine with an accuracy of at least about 95%.
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+46.  23. The method of claim 1, wherein said deaminase is an apolipoprotein B mRNA
editing enzyme;-catalytic polypeptide-like (APOBEC) enzyme; or-a fragment thereof.

147 24. The method of claim 2461, wherein said helicase comprises an amino acid
sequence that is at least 90% homologous to UvrD helicase,- Geobacillus
sterothermophilus- Bad protein, a PcrA helicase; or-a-fragment-thereof-era fragment thereof.

148.  25. The method of claim 14724, wherein said helicase is a UvrD
helicase,- Geobacillus sterothermophilus- Bad protein, a PcrA helicase; or a-fragment thereof.
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26. The method of claim 1, further comprising using the sequencing data to diagnose a
condition in a subject.

27. The method of claim 26, wherein the condition is a cancer or a neurodegenerative
condition.




