Introduction to DNA
methylation and WGBS

Jie (Jessie) L1, PhD
UC Davis Bioinformatics Core
Dec 3, 2020

0
O
O
N
i
5
=
e
=
0
(a8
=
2
o
O
-



Outline

" Introduction to epigenome and DNA methylation
®* [ntroduction to bisulfite sequencing

» [ntroduction to whole genome bisulfite sequencing (WGBS) data

analysis
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Ovarian cancer is the 5th leading cause of cancer death among US women; 62% of cases are
diagnosed at advanced stages in which only 27% survive past 5 years. Yet, when ovarian cancer is Principal Investigator
detected at the localized stage (15% of cases), the 5 year survival rate is 94%. As survival is Jeanine M. Genkinger
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ovarian cancer, but only have modest discriminatory power. Currently, no effective screening Fiscal Year
modality exists for ovarian cancer. Previous approaches for screening using single markers such as 2020

CA-125 in average risk populations have been unsuccessful, and led to many false positive results. Project End Date
Identifying novel panels of markers important to early carcinogenesis is key; epigenetic events 02/28/2021

(DNA methylation) are noted to occur early in carcinogenesis and reflect environmental insults
and genetic vulnerability. Measurement of DNA methylation in cell free DNA has shown promise
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DNA methylation
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Jones, P. Functions of DNA methylation: islands, start sites, gene bodies and beyond. Nat Rev Genet 13, 484—492 (2012). https://doi.org/10.1038/nrg3230
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Bisulfite sequencing
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Bisulfite sequencing
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Bisulfite sequencing

* Whole genome bisulfite * Reduced representation bisulfite
sequencing (WGBS) sequencing (RRBS)
* Methylation levels genome wide * Use restriction enzymes (Mspl, to

enrich for CpG rich regions of the
genome (~1%)
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Bisulfite sequencing

* Whole genome bisulfite
sequencing (WGBS)

* Methylation levels genome wide
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WGBS library prep: Switt Biosciences

b HHK

*% *

a

Q0
o
(2]

100.0

x
¥
¥
¥
¥
*
¥
¥
¥
¥
¥
¥

=]
*
¥
¥

o
=]

&)
®
S

97.5

~

=
n
=

30
W Swift

B TruSeq
M alAseq

95.0
20

92.5 0.5

percentage of reads (%)

low quality bases (%)
5
align rate (%)
w B (o2 (o2}
o (=} o o
mean depth (x)
o 5
mean depth per billion raw read (x)
) >

O
—
O
O
N
=
©
&
—
O
G
=
.9
o0

90.0 0.0 Swift TruSeq QlAseq Swift TruSeq QlAseq Swift TruSeq QlAseq
Swift TruSeq QlAseq d
*xk 5

c _ : d — - o Swift TruSeq _

250 o ' ‘ H ) 85 8 ®/ 8 3 s s 8 § 3§ FIgsRIN i i i
= 2
8 =75
= 200 o)
[0] (8]
N S
7] {
- =] |
£ 150 g 50 { | [ e ‘
7] 7]
£ =

100 S
S a
g § 25

50 e e e e

S S T S S S S U i 1S : S I o A iy
0 0.0 i = st o9
Swift TruSeq QlAseq Swift TruSeq QlAseq
e . , f = ns :
T o i T e e ' QlAseq e
40 H i0% 3 % % v o§ %3 §33333533%8%8
3 | q 050
230 9 2
2 < 30 g
°
8 3 2 o025
8 = g — Swift
- 20 Q o —TruSeq
8_ a 20 é — QlAseq
g S ~ 0.00
£ s 3
210 3 3
] o 10 2 025
3
0 0 -0.50.

Swift TruSeq QlAseq Swift TruSeq QlAseq

CC GC CA GA AC TC A AT TA

Zhou, L., Ng, H K., Drautz-Moses, D.I. et al. Systematic evaluation of library preparation methods and sequencing platforms for high-throughput whole genome bisulfite sequencing. Sci Rep 9, 10383 (2019).
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WGBS study design

* Sequencing depth
* In general, 1t depends on the magnitude of differences that one would like to
detect: the larger the difference, the lower the coverage depth necessary.
* ENCODE recommendation: 30X/replicate

* Lower coverage can be used with the help of bioinformatics procedures

* Biological replicate
* ENCODE recommends 2 biological replicates at mimmimum

* DSS R package has developed an approach to detect differential methylation
without biological replicates
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Bioinformatics Core

WGBS data analysis workflow




Bioinformatics Core

WGBS data analysis workflow
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[
A genomic fragment ...ccggcatgtttaaac‘:gct...
sequence after bisulfite
. k treatment ?GCATGTTTAAAC%
1 S ar C-to-T G-to-A read conversion
TTGGTATGTTTAAATGTT TTAACATATTTAAACATT
(1)....‘...-~~..4.,“”(2)
align to bisulfite
converted genomes
.ttggtatgtttaaatgtt.. ..Cccaacatatttaaacact..
.aaccatacaaatttacaa.. ..ggttgtataaatttgtga..
forward strand C-to-T converted genome forward strand G-to-A converted genome
M (2) (3) @4 read all four alignment

outputs simultaneously
to determine if the
sequence can be
mapped uniquely
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B BS-read corresponds to
converted original top strand

me me
| | ) ) z unmethylated C in CpG context
5" -TTGGCATGTTTAAACGTT-3"  bisulfiteread Z  methylated C in CpG context
5’..ccggcatgtttaaacget..3’ genomicsequence x unmethylated C in CHG context
Krueger F, Andrews SR. Bismark: a flexible aligner and i Il TR X methylated C mn CHG context
methylation caller for Bisulfite-Seq applications. Bioinformatics . h unmethylated C in CHH context
: : Xxz..BH.o....0.0... Z.h. methylation call H  methylated C in CHH context

2011;27(11):1571-1572. doi:10.1093/bioinformatics/btr1 67



Data used 1n the hands-on session
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