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Abstract

DNA is under constant stress from both endogenous and
exogenous sources. DNA base modifications resulting from
various types of DNA damage are wide-spread and play
Important roles in affecting physiological states and disease
phenotypes. Examples include oxidative damage (8-
oxoguanine, 8-oxoadenine; aging, Alzheimer’s,
Parkinson’s), alkylation (1-methyladenine, 6-O-
methylguanine; cancer), adduct formation (benzola]pyrene
diol epoxide (BPDE), pyrimidine dimers; smoking, industrial
chemical exposure, chemical UV light exposure, cancer),
and ionizing radiation damage (5-hydroxycytosine, 5-
hydroxyuracil, 5-hydroxymethyluracil, cancer). Currently,
these and other products of DNA damage cannot be
sequenced with existing sequencing methods. In contrast,
single molecule, real-time (SMRT®) DNA sequencing can
report on modified DNA bases through an analysis of the
DNA polymerase kinetics that is affected by a modified base
In the template. We demonstrate the DNA strand-resolved
sequencing of over 8 different DNA-damage associated
base modifications, with base pair resolution and single
DNA molecule sensitivity. We also report on the application
of this sequencing capabillity to biological samples and the
development of a generic, open-source algorithm to analyze
kinetic information from SMRT sequencing.

Detection of Base Modifications
by SMRT® Sequencing

Pulse width Interpulse duration

PW) (IPD)  Pulse width (PW) = duration of
}‘_" fluorescence pulse

* Interpulse duration (IPD) = time
between successive pulses

Fluorescence

intensity (a.u.)
N [8%)
(=] (=]
o Q

iy

(=]

o
1

o
1

A
710 715 72.0 725 73.0 735 74.0 745
Time (s)

G T € G A TC AAT A C A

A

-

3]
[=)]
Q

Fluorescence
intensity (a.u.)

N

o
A N

V,
® 2 R g

o 1045 1050

y
Q
(=}

" 1055 1060 1065 1070 1075 1080 1085
Time (s)

IPD is increased before T incorporation across N6-methyladenine (MA)
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Polymerase has contacts with the DNA
modification before and after incorporation of
the base opposite the modification
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Kinetic Effects of Damaged DNA Bases

Oxidative Damage
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A GTTCCGAGCCCGACGCATgATCTGTACTTGATCgACCGTGCAACGCATGATCTGTACTTGATCGACCGTGCACTTCTCTCTCTC

CAAGGCTCGGGCTGCGTACTAGACATGAACTAGCTGGCACGTTGCGTACTAGACATGAACTAGCTGGCACGTGAAGAGAGAGAG,
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CCAGCTAGTTCATGTCTAGTACGCAACGTGCCAGC TAGTTCATGTCTAGTACGCAGCCOGAGOC TTGAAAGCAAGGC TCORACTROGTAC TAGACATGA

5. CCAGCTAGTTCATGTCTAGTACGCAACGTGOCAGCTAGT TCATGTCTAGTACGCAGCCOGAGCC TTGAAAGCAAGEC TOGGEC TGOGTACTAGACATGA
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5 CCAGCTAGTTCATGTCTAGTACGCAACGTGOCAGC TAGTTCATGTCTAGTACGCAGCCOGAGOC TTGAAAGCAAGOC TCBBGCTGOGTACTAGACATGA
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0 AACGTGCCAGCTAGTTCATGTC TAGTAGGCAG
DNA template sequence

GOCAGCTAGTTCATGTCTAGTACGCAACGTGCCAGCTAGT TCATGTCTAGTACGCAGCCOGAGCCT TGAAAGCAAGGCTCGGGCTGOGTACTAGACATGA
DNA template sequence

Sequence Context Dependence

Synthetic SMRTbell™ Template with Degenerative Sequence
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A GTTC CGAGCCCG’I‘AGAACGTGTACNNQNNCGACCGTGCAAGCTAGTCMCGCATGATCTGTACTTGATCGACCGTGCACTTCTCTCTC‘I‘C

a CAAGGCTCGGGCATCTTGCACATGAACTAGCTGGCACGTTCGATCAGTTGC GTACTAGACATGAACTAGCTGGCACGTGAAGAGAGAGAGT
G

80x0G Average Kinetic Signhature
12

Polymerase
B

—
o
1

Co
1

Average IPD Ratio

-4 } } } } } } } } } >
8 6 -4 -2 0 +2 +4 +6 +8

Template Position

80x0A Average Kinetic Signhature

18

Polymerase

16+ -

144

12-

Average IPD Ratio

-4 } } } } i } } $ } >
8 6 -4 -2 0 +2 +4 +6 +8

Template Position

80ox0A IPD Ratio Heatmap

Template Position

BT i sssi s e bt Bee i e e v Sr st e e R T U CU Be st e e T Ui Baa e Rt i DU Br i e e et S U GU Be s a e e STl Ss o g T U B sa e
Downstream Sequence

Conclusions and Future Directions

Various types of DNA damage result in base
modifications that can be detected during SMRT
seqguencing

Each modification has a distinct kinetic signature

Kinetic signhatures vary based on surrounding sequence
context

Algorithms are being developed to distinguish the
modification types and better understand the nature of
the sequence-context dependence on IPD

Detection of DNA damage Is being extended to the
genome scale looking at 8-o0xoG In yeast cells treated
with methylene blue and light to induce oxidative damage
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