DNA Methylation QC and
Analyses—A Story of Invariance

April 11, 2023
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DNA Methylation
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HEALTH ENDPOINTS
« Cancer
Normal cytosine 5-Methyl-cytosine
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EPIGENETIC MECHANISMS

are affected by these factors and processes:

* D 1t (in utero, -
* Environmental chemicals

« Drugs/Pharmaceuticals /

* Aging
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« Diabetes
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DNA methylation
| Methyl group (an epigenetic factor found
Wil in some dietary sources) can tag DNA

and activate or repress genes.
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CELLS

DNA accessible, gene active

Histone modification
The binding of epigenetic factors to histone “tails™
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.

Histones are proteins around which | HISTONE

DNA can wind for compaction and
gene regulation.

DNA inaccessible, gene inactive
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Methylation of Changes with
Exposure/Time

—
n=20

3-year-old twins 50-year-old twins

Yellow=same, Green & Red
=hyper or hypomethylated

Morgan et al 1999 Nat Genet 23: 314-318; Fraga et al 2005 PNAS 102 (30): 10604-10609
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http://www.illumina.com/content/dam/illumina-marketing/documents/products/product_information_sheets/product_info_hm450.pdf
http://www.illumina.com/content/dam/illumina-marketing/documents/products/datasheets/humanmethylationepic-data-sheet-1070-2015-008.pdf

Genome coverage, EPIC
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Moran S, Arribas C, Esteller M. 2016. Validation of a DNA methylation microarray for 850,000 CpG sites of the human geno
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enriched in enhancer sequences. Epigenomics

Infinium design

Infinium I (83.8%)

ENCODE
Transcription

Outside transcription
binding site (84.4%)
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Gene region @ CpG context

1stExon 3'UTR
(1.9%)

Shore
(16.9%)

Intergenic ™
(26.9%)
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Probe density

DNAm 0%->100%

pigenetic Methods

DNA methylation (DNAm) analyses: lllumina EPIC array

1. DNAm age 2. Global DNAmM
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DNAmM age
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| Effect estirhate

Chronological age

DNAm 0%->100%

3. Poly-DNAmM 4. Site-specific
Scores DNAmM
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Hypothesis-based

Genome-wide discovery
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Distribution of probe variation

Decile frequency Y9
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Reliability by probe mean

1.00 -

0.75-

O 0.50-

0.25 -

0.00 -

1 2 3 2 5 6 7

Methylation Bin
Invariant probes 10-30% of probes
are highW variant and low
consistent reliability

9 10

Low reliability
probes rarely
overlap
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Methylation of Changes with
Exposure/Time

Future of Families and Child Wellbeing
2,020 children between at ages 9 and 15

450K and EPIC
Plated together—no longitudinal batch effect
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Density
100
|

50
|

Change over time

! !
-.05 0
Change over 6 years

Probe changes
2/3 <0.006
78.2% <0.01

21.8% >0.01
4.9%>0.03
0.2%>0.05




How is change distributed?

All

0.000 to 0.005

0.005 to 0.010

0.010 to 0.030

0.030 to 0.060

0.060 to 1.000




Epigenome Wide Longitudinal
Change

5 g
250 — »
Traits-matching . . ° .
probes 200 — s *
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Preterm birth- 176
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Discussion

Most lllumnia DNAm probes (450K, EPIC, EPIC 2) are invariant in human

immune cells

Studies need to include many duplicates to determine reliability of variant

probes

Include in a QC step

These need to be reported more consistently
Likely may not overlap with other studies
Most probes are likely invariant over time

Many probes may not change more than measurement error

Less than 5% of probes change more than 3%
Longitudinal Change probes may be a good avenue for future focus

Dealing with longitudinal batch effects is a major focus this year
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iabilities of Scores

Reliabilities of Clocks (age regressed out)

[

0.8

-
oy

-

-
Ctataty!

’.
>
by
Sttt etetdese

o
b

o
*,

i

s

S

&

o,

&

o

ettt

NARXS
S

0.6

&

7

bttty tytyty

o

S

o,

o

5

&

o

&

0.4

o,

0

0

*

0

02

XA -
£ X0

XX &
O

o

B

0

0

o

&

o

o

..
&
55

2
-
b
el

..
2
58

5

-

%0

o

o

!
!
Cetatets

o

Catetets

0.2

XK

o
-

*

&

_—
25258

-
hy
258585

o

o

o

i,
xe
50

*

o+

&
o

IR
KRR RHAAKAHK KK ALK KK KKK KKK KA LR KKK RR KKK KK A A

+

o,
o

&

55

o
*

&
>

o
-+

K0
.

o
*

o

o
o

Horvath Horvath Hannum Pediatric Pheno POAM Maternal BMI
2013 2018 Age Smoking

wFFCW-450K #FFCW-EPIC #HRS




Duplicate Study DNA Methylation

Fragile Families and Child Wellbeing

Current n=2,020 at age 9 and 15 using
lllumina 450K (n=780) and EPIC (n=1,240)

Age 9 and age 15 plated together
Duplicates n=54 (450K) and n=164 (EPIC)

HRS

Current n=4,018 all EPIC
Duplicates n=39




Trait enrichment

thyroid lesion 4

oral squamous cell carcinoma (OSCC) 4
primary Sjégren's Syndrome (pSS) 4
ancestry

maternal smoking

atopy o

obesity

type 2 diabetes (T2D)

alcohol consumption 4

systemic lupus erythematosus (SLE) A
down syndrome -

puberty 4

asthma

vitamin B12 supplement 4

preterm birth 4

follicular thyroid carcinoma -

smoking 4

psoriasis A

papillary thyroid carcinoma

aging 1

—logio(p)
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Decile frequency Y9

Non-Hispanic White
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Non-Hispanic White Non-Hispanic Black Hispanic
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0.0-

-0.1-

Decile frequency Y9
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Duplicate Analyses

54 duplicates (same person at same age)-split by age
29 Black, 13 White, 12 Hispanic
29 Female, 25 male
27 >INR of 1.5

Reliability is higher for extremes-0.992 for all groups

Reliability of middle is lower (average is 0.96):

0.98 for Hispanic
0.97 for white & female i
0.96 for black and male

25% of all probes change more than
measurement error

Overall frequency of probe count
-
W
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NHW

B 0.030 to 0.060

& 0.060 to 1.000
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Probe Absolute CV (using
M-values)
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Coefficient of Variation




Frequency

Reliability by CV

0.000 < cv < 0.050

FFCW
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Reliability by CV
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Reliability by CV

0.250 < cv < 0.300 0.500 < cv < 0.750
FFCW FFCW
2500 -
2000 -
4000 -
1500~
5 9
(O] (0]
8_ =
® o
LT 1000 - L
2000 -
500 -
0- 0-

05 00 0.5 1.0 05 0.0 05




1.00

0.75 3

Reliability CV

Only Probes with ICC > 0




FFCW Methylation Datz:
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Cumulative density

How is DNA Methylation
change distributed?
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Change in DNA methylation beta from age 9 to age 15

I Non-Hispanic Black .
1m Hispanic
-0.4 -0.2 0.0 0.2 0.4

Percent of Probes

100

80
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40

20

<-0.01 -0.01-0.01 >0.01
DNA methylation change 9-15



Filtered to only probes with ICC > 0, nprobe=319724, abs(cv) > 0.00
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Frequency

250000 -

200000 -

Filtered to only probes with ICC > 0, nprobe=319724, abs(cv) > 0.00
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100000 -
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1
\ Filtered to only probes with ICC > 0.7, nprobe=76332, abs(cv) > 0.30
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Distribution of probe mean
methylation

Decile frequency Y9
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Longitudinal Change
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Longitudinal Change in Probes by Race/Ethnicity
Filtered to only probes with ICC > 0.7, nprobe=76332, abs(cv) > 0.30
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