NanoporeSequencing and Its
application for Epigenetic

modification Analysis

>Nanoporesequencinglevelopment
Manraoet al. 2012, Naturdiotechnology

>use iInmethylationmapping
Laszlo et al. 2013, PNAS



Nanoporesequencing

MspA constriction

o LR P,

B
A Aim: Sequencingf single DNAnolecule
throughdetectionof ioniccurrent

modulations

A Principle
>Lipidbilayerwith 1 nanopore
>Voltageappliedon thetranssideby a ¢
Patch clamp amplifier —
>ssDN-Aenter the pore
>Nucleotidesmodulatethe ioncurrent
>Eventselection

>Alignement




Existingnethods

a) Strandsequencingioniccurrentblockage
>h -hemolysin(3nmelectricalfield)
>Record thélockageof 10-15nt
>translocation rate of 1nt/us

>> ow resolution too fasttranslocation

b) Exonucleassequencingdf dANMPby modulation ofionic
current

>h -hemolysinaminocyclodextriradaptator Exonuclease
>release and translocation dNMPseparetely

>Record of thdlockageof the current

>>ossof sequentialsequencing




Existingnethods

c) SyntheticDNA andbpticalread-out NS
>Conversion DNito a pair of 12oligomers 5\ .
Ex: A=ab, Tsa, Caaa Gb |
>Hybridizationwith 2 fluorescenteacons \ |
>Sequentiatemovalat the pore entry O
>Detection of photon flashesecordedby CCD camera j
>>Errorsduringconversion, longrocedure

d) Strandssequencingisingquantum tunneling
>Artificial nanopore

>Emitterand collectorprobes (tunneling)
>Amplitude of tunnelingurrentrecorded

>>0ptimisatiomeeded

*Currentfluctuation (water and ions)
*Reproducibleorientation of the base (Nanotubes)
*Translocation rate




Reading DNAt singlenucleotide
resolutionwith a mutantMspA
nanoporeand phi29 DNMAolymerase

Elizabeth A Manrao!, Ian M Derrington', Andrew H Laszlo!, Kyle W Langford!, Matthew K Hopper!,
Nathaniel Gillgren', Mikhail Pavlenok?, Michael Niederweis? & Jens H Gundlach!

AIm: to developa systenthat canreadnucleotide specific
current levels

Rational:to reducethe costof genomesequencing



Nanoporesequencing

A Principle Sequencespecificcurrent modificationupon ssDNA
translocationthroughatransmembrangyore

A Advantages-Rapidsequencingf a long DNAnolecule
-Amplification freesamplepreparation
-Directdetectionof epigeneticmodification

A Propertiesof nanopores -Physicatiimension

-Biophysicapropertiesof different
regions(entrance, vestibule, constrictiaregion)

A Main issues:Sizeof constrictionregion(narrow)
-Interactionpore and DNA
-Controlon thesequencingate




Nanopore MspA

*Mycobacteriassmegmatigporin A

*Constrictionregior 1.2nm Wide
0.6nmlong

— A
1.2nm

*Improvements -Replacement ofegativeby neutralresiduesin
the constrictionregion

>enableDNA to gahrough

-Addition of positivaesiduesat the entrance
and vestibule

>Increaseahe entry rate of DNA Iin the pore

*Free translocation of DN&f 1nt/us: Modification of
physicalconditionR 2 yin@réasethe Signal/Noise ratio



Molecularmotor:
Phi29 DNAvolymerase

A Derivedfrom: Bacillussubtilisphage

A Characteristics

PO Q LItANIetRdsion

-0 @ Rroofreadingactivity
-Nointrinsichelicaseactivity

-Preferenceor ssDNA

-Highlyprocessive

-Cansynthetizea verylong stretch of DNA*70Kb

A Allow a control of the DNAnovement



Principleof sequencing

>SsDNZAnter the pore
>InteractionLJ2 N@nitfadce
and phi29DNAP

Bbp Qo f digoindrunzp
until the primer
>DNAsynthesis

>|b: blockingcurrent
>|0: open porecurrent
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Sequencin@f aknownsequence

>Temporabrderingof the

3Q 2 currentlevels
5Q  3Q >loniccurrent nucleotide
specific

*lowestfor thymine
*Moderatefor cytosine/guanine
*High foradenine

>Toggling

>Alignemenbf the currentlevels
with the known DNAsequence



