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Abstract Results

Nanopore sequencing has enormous potential In epigenetic applications; unlike traditional @

sequencing-by-synthesis technologies, it can distinguish covalently modified nucleotides directly through their MTase

modulation of the electrolytic current. We can take advantage of the long read lengths (>10kb) generated by dam BISULFITE

nanopore seguencing to precisely call methylation patterns, and to obtain phased methylation information hinfl 1.00 oo -

across the genome. We have already demonstrated the accuracy and some of the promise of nanopore _ ~_
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sequencing in calling 5-methylcytosine in a CG context using a hidden Markov model(Simpson et. al Nature . 0.75 \ ¢

Methods 2017). We have now trained our model on other modified (non-canonical) nucleotides, and in other
contexts, including N6-methyladenosine (N6-mA), 4-methylcytosine, and 5-methylcytosine in a non-CG context.
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Modifications have applications in bacterial and mammalian epigenetics, but we may be able to leverage
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unnatural modifications to label different aspects of the epigenome. A good example of this is the NOMe-seq %
(Kelly, Genome Res. 2012) method, which uses GpC methylation to label accessible, open chromatin. We have > 500
demonstrated this application, simultaneously detecting GpC and CpG methylation on the same molecule, =
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providing two distinct epigenetic signatures along ~10kb single DNA molecules. = 1.00 — .
-
)
“%) © 0.75 A . r
O
al >
Methods . . . .
60 80 100 120 0 e L
Tralnlng AmC and 6mA - native methylatlon Current Level (pA) 000 R | | 1
Base modifications can shift the current signals from the unmethylated signal depending on both context and modification 63815000 63816000 63817000 63818000
type. Pictured above are current distributions trained for several different k-mers using methyltransferases M.Hinfl Coordinates (Chr9)
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‘O, d O O ‘b (G6MANTC), dam (G6mMATC), or Sin3950RF667 (GAT5mC). Though the dam and sin395 enzymes methylate the same
,) VS. p motif (GATC), we can often distinguish the dam (6mA) methylation from the sin395 methylation (5mC). Sample MCF10A —— MDAMB231
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N6-methyladenosine. These methyltransferases are transformed into a methylation transferase Coordinates (Chr9)
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plasmid DNA. The gDNA and plasmids are then extracted and we subsequently generated nanopore
libraries via shearing, end-polishing and sequencing adapter ligation prep. These libraries were then
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Adapting the NOMe-seq protocol(Kelly, Genome Res. 2012) , we applied it to MDA-MB-231 cells to explore chromatin and methylation state
simultaneously using long-read nanopore sequencing. Specifically, we subjected cell nuclei to M. CviPl GpC methyltransferase treatment,
which methylates GpC dinucleotides in accessible chromatin, while leaving inaccessible chromatin unmodified. The genomic frequency of
GpC dinucleotides is high, providing sufficient resolution to resolve individual nucleosome positioning - but coupling it to nanopore
sequencing provides this data along a single long (~10kb) molecule. We are already exploring using some of the other methyltransferases
to multiplex this type of exogenous DNA labeling.
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