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Epigenetics: Modern LG

®

* Modern Definition of epigenetics involves heritable changes other than genetic sequence, e.g., positive
feedback, high order structure, chromatin organization, histone modifications, DNA methylation.
* An analogy to a computer system:
*  DNA Sequence = Hardware
* User input = Environment
+ Systems Biology = Running programs
* Epigenetics = RAM
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Nanopore: Methylation LG

* Differences between methylated and
unmethylated cytosine have been
detected using nanopores.

* Methylation state can be called with 90%
accuracy.

*  We have writted a methylation detector
for Oxford Nanopore for 5-methylcytosine.
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Generation of methylated Samples
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* To generated methylated samples, we treat unmethylated DNA (lambda,
dam-/dcm- E. Coli, PCR product) with M. Sssl methyltransferase 50%
*  We confirm the CG specific methylation using lllumina bisulfite
sequencing of the sample — pictured right is methylation in different
contexts E. Coli dataset treated with M. Sssl (red) versus untreated
(green) 25% =
0% =
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Emission Probabilities

*  We measured distributions of current
for k-mers from E. Coli M.Sssl treated
(methylated; green) and untreated
(unmethylated; red) samples on both
R7.3 and R9 flowcells.

* Boxplots of AGGTCG and TCGAGT k-
mers which both contain CGs show
significant differences in current in
some cases (AGGTCG R7.3) and little to
none in others (TCGAGT R7.3)

* R9 current distribution seem wider in
both cases, but gives better
discrimination in TCGAGT.

Simpson, Workman, Nature Methods (2017)
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Distance of methylation effect o A LG
T=5Re

* We looked at the difference in current levels
dependent on the position of the methylated
base — plotted are the current differences for
R7.3(blue) and R9 pores(orange).

* Signal seems again stronger but more
variable for RS pores than R7.3

* Methylation can either reduce current or
increase it.

* Some positions are more sensitive to
methylation than others.
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Nanopore: nanopolish methyltrain

]
Multiple bases influence the *1 .. ; :
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methylated for a given observable D o) 59pA 56 pA 64 pA
and S, the probability unmethylated
We then take the log of this _
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NA12878 Methylation
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Simpson, Workman, Nature Methods (2017)

NA12878 (lymphoblast) gDNA: Illumina WGBS on X-axis (24X coverage) (SRA: GSM1002650) vs. R7.3 (0.02X) or

R9 (0.13X) nanopore sequencing.

Gorrelation.of.0:83 (R7.3) and 0.84 (R9) — most gene promoters UNMEEYIAte .. uw o me o oo, ONANORORE




Binned Methylation vs. Transcription Start Sites
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Binned distance to TSS

On human genomic samples:

Binning methylation levels vs. distance to TSS sites,
compared to bisulfite data (NA12878).

We also generated completely methylated (M.Sssl treated;
~95% meth) and unmethylated — used to generate the ROC
curve (right)

R7.3 91% accurate at 68% of sites

R9 94% accurate at 77% of sites
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Cancer-Normal Comparison
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Sample MCF10A === MDAMB231
* Reduced representation method:12.5Mb of the
genome (3.5-6kb size selection)
* We sequenced this fraction on nanopore and
bisulfite lllumina seq
[ ]

Long reads measure phased methylation

NanoporeConf #-NanoporeConf ..
impson, Workman, in revision (2016)
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MCF10A.MERGED.NANOPORE Is Methylated

MCF10A.MERGED.NANOPORE;5461
MCF10A.MERGED.NANOPORE;5460
MCF10A.MERGED.NANOPORE;5459
MCF10A.MERGED.NANOPORE;5458 =
MCF10A.MERGED.NANOPORE;5457 =
MCF10A.MERGED.NANOPORE;5456 =
MCF10A.MERGED.NANOPORE ;5455 =
MCF10A.MERGED.NANOPORE;5454 =
MCF10A.MERGED.NANOPORE;5453
MCF10A.MERGED.NANOPORE;5452
MCF10A.MERGED.NANOPORE;5451 =
MCF10A.MERGED.NANOPORE;5450
MCF10A.MERGED.NANOPORE ;5449
MCF10A.MERGED.NANOPORE;5448 =
MCF10A.MERGED.NANOPORE;5447 =
MCF10A.MERGED.NANOPORE;5446 =
MCF10A.MERGED.NANOPORE;5445
MCF10A.MERGED.NANOPORE;5444 =
MCF10A.MERGED.NANOPORE;5443 =
MCF10A.MERGED.NANOPORE;5442 =

FALSE
TRUE
® ®wow
L 2 LR o womes ©
. - . e
- e ®
. ®e oo® L
. ® oo e
®e oo
S0 e &
DS ® 9 cow S e ®» eowe
e G o s @ @ o
® ®0® 0 o Waw LX X TR
v e ® eem ® #e eosc O
® &eseo e L L
. o @ ©® ®ow °
o 4 00 O © ©oa® © »eee e

MDAMB231 MERGED.NANOPORE;4533 %
MDAMB231. MERGED.NANOPORE;4532+
MDAMB231.MERGED.NANOPORE;4531+
MDAMB231.MERGED.NANOPORE;4530
MDAMB231.MERGED.NANOPORE;4529 4
MDAMB231.MERGED.NANOPORE;4528 =
MDAMB231. MERGED.NANOPORE;4527 =
MDAMB231 MERGED.NANOPORE;4526 4
MDAMB231.MERGED.NANOPORE;4525+
MDAMB231.MERGED.NANOPORE;4524 =
MDAMB231.MERGED.NANOPORE;4523
MDAMB231.MERGED.NANOPORE;4522 4
MDAMB231.MERGED.NANOPORE;4521+
MDAMB231.MERGED.NANOPORE;4520 %
MDAMB231.MERGED.NANOPORE;45194

L - > e > L 4
- . . e o o o0
o ®e o eme

© 2017 Oxford Nanopore Technologies. All rights reserved. The MinlON is for research use only.

. e L X 2 3 o* e ® e - o0 . & - o .
- - o L 2 . L - e L R B = ] -
- - oo -e 000 L 2 e _ X - o e
@ 4080 D - - * K X5 ®>ee o *
200® @ ow o @ L J - - - -e o
-0 ¢ 9 @ o e e - - a0 ® @ L J
- - - - «*e e
® o . L - o L - -e
*0 0 000 W - . - L L ] o e -e e e .
“w e @ - o0 - ee s 0O e L X B 2 .
® ® ;e coOEe 00 ® e -8 e - e X X' ® -.e o=
- - e * - * - e - -e *
63815000 63816000 63817000 63818000
Coordinates (Chr9)




Haplotype-Phased Methylation

nanopolish has experimental support for phasing methylation patterns
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58,841,600 bp 58,841,700 bp 58,841,800 bp
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Haplotype-Phased Methylation

Nanopolish has experimental support for phasing methylation patterns. (From NA12878 data)
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58,841,600 bp 58,841,700 bp 58,841,800 bp
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Highly methylated Allele



Haplotype-Phased Methylation

Nanopolish has experimental support for phasing methylation patterns. (From NA12878 data)

298 bp

58,841,600 bp 58,841,700 bp 58,841,800 bp
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Less methylated Allele



Methylation

Mitochondrial methylation/clustering
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Preliminary data clustering mitochondrial CG methylation from MCF10A
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Future Work

* Expand to non-CpG methylation
* Expand to non 5-methylcytosine
methylation
e Strong signal for N6-
methyladenine
* Apply to clinical samples
* Exogenous labeling of DNA and
readout
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