
Detecting epigenetic modifications by Single Molecule, Real-Time(SMRT) Sequencing

• Types of BaseModification

• Principle

• Applications

• Markers that influence geneexpression: 5-mC, 5-hmC, 5-fC, and 5-caC
• Bacterial markers thataffect host-pathogen interactions: 6-mA, 4-mC, and 5-
mC

• Bacterial markers for regulatingDNA replication and repair and
transcription regulation:6-mA

• DNA damageproducts : 8-oxoGand 8-oxoA

• Interpulseduration (IPD): the timedurationbetween
two successivebase additions,which can bealtered
by amodified base in theDNA template.

• IPD ratio: the ratioof themean IPDat a site in the
native sample to themean IPDat the samesite in the
amplified control.

The presence of amodified base (6-mA) in the template (top)
causes a delayed incorporation of the corresponding T
nucleotide (longer IPD) compared to a control DNA template
lacking modification (bottom).

• Experiment

1. Obtain theDNA template of interest and prepare a SMRTTM library forSMRTsequencing
2. Take a small aliquot ofDNA sample and perform awhole-genomeamplification reaction to get the control

DNA sample lackingany basemodifications. Then prepare a SMRTTM library for the control sample
3. Perform adequate SMRT sequencing forboth samples toget enough coverageneeded for themodifications

under study, and also sufficientoverall coverage to characterize the genomeof interest
4. Performkinetic analysis for basemodificationwithbioinformatics tools.

DNA	modifications	are	actively	involved	in	many	biological	functions	such	as	gene	expression,	host-pathogen	
interactions	DNA	damage,	and	DNA	repair.	Currently	most	high-throughput techniques	only	focus	on	cytosine	
methylation.	Furthermore,	these	techniques	usually	need	to	convert	unmethylated cytosine	to	uracil	nucleotides	
by	bisulfite	treatment	and	then	compare	sequence	reads	from	bisulfate-treated	and	untreated	samples*.	In	
contrast,	SMRT	sequencing	can	directly	detect	base	modifications	by	measuring	the	kinetics	of	base	addition	
during	the	normal	course	of	sequencing. Thesekinetic measurementspresent characteristicpatterns for awide
variety of basemodifications. SMRTsequencinghas thepotential torevolutionize the studyofDNA
modifications.

• Introduction

• Find themodification (5-mC, 4-mC, and 6-mA) sites inE. coli genomewhen studyingvirulence, gene
expression, or pathogen-host interactions

• Detectingmodification sites in somesmall genomes such as mitochondria, chloroplast
• Enrichingportionsof a larger genomecontainingmodification sitesand detect themodified bases

• References
Detecting DNA BaseModifications Using SingleMolecule, Real-Time Sequencing, Pacific biosciences	
(http://www.pacb.com/wp-content/uploads/2015/09/WP_Detecting_DNA_Base_Modifications_Using_SMRT_Sequencing.pdf)

* Clark	S.J.,	Statham	 A.,	Stirzaker C.,	Molloy	P.L.	&	Frommer,	M.	DNA	methylation:	bisulphitemodification	and	analysis.	Nat.	Protocols	
1,	2353–2364	(2006).


