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MeDIP-gPCR or MeDIP-Seq?

MeDIP-qPCR

single-locus data

requires design of loci-specific primers

MeDIP-Seq

genome-wide data

suitable for discovery analysis

low-cost

fast

high sequencing cost

longer workflow
(library prep, sequencing, data analysis)
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Workflow: Methylated-DNA ImmunoPrecipitation (MeDIP)
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DNA METHYLAT'ON WORKSHOP - MEDIP DNA extraction Shearing prep.) isolation analysis prep.) ( 1]
Cell lysis & gDNA extraction
S’
High
*  Cultured cells integrity gDNA

Recommended kit: XL GenDNA Extraction Module (Diagenode)
For large amounts of cultured cells (~1-1.5 million)

= Other template (e.g. tissue, blood) ‘
Flexibility to use other kits I

Ensure good gDNA quality and purity

Whole Blood Fresh Tissue

= Starting amount for MeDIP: 10ng - 1 ug of sheared gDNA

Cell FFPE Tissue 10


https://www.diagenode.com/en/p/xl-gendna-extraction-module-6-rxns

Cell lysis & DNA (Library

DNA METHYLATION WORKSHOP - MEDIP | P extraction  shearing ~ _prep)

gDNA shearing

= Shear gDNA to consistent fragment mean size
300-400 bp for gPCR
200 bp for NGS

= Use a good sonicator
Recommended: Bioruptor® Pico (Diagenode)

» Shearing TE buffer

= Sample concentration at 2-100 ng/ul

DNA-
isolation

qPCR-
analysis

(Library

prep.) (NGS) Analysis

Precise
fragmentation
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https://www.diagenode.com/en/p/bioruptorpico2

Cell lysis & DNA (Library DNA- gPCR- (Library (NGS) Analysis .3

DNA METHYLAT'ON WORKSHOP - MEDIP DNA extraction Shearing prep.) P isolation analysis prep.)

gDNA shearing: Parameters for Bioruptor® Pico

Guide for successful gDNA shearing using the Bioruptor® Pico

Sample type Tube holder Tube Volume of sample Shearing protocol
H ®
L:‘:;Zir:ge for 0.2ml tubes O'ZSiIC?;iLUbTSor 50l 13 cycles [30sec ON
(from 10 ng) B01201144 30010020 / 30sec OFF]
H ®
Standard sample for 0.65ml tubes 0'65@ Bioruptor 13 cycles [30sec ON
amounts B01201143 Microtubes 100wl / 30sec OFF]
C30010011

https://www.diagenode.com/files/protocols/protocol-dna-shearing-bioruptor-pico.pdf

Features & Benefits

= Best suited for NGS sample preparation
= Superior sample yields

=  Consistent fragment size

=  High reproducibility
12


https://www.diagenode.com/files/protocols/protocol-dna-shearing-bioruptor-pico.pdf
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gDNA shearing: Examples of DNA profiles
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DNA METHYLAT'ON WORKSHOP - MED|P DNA extraction Shearing prep.) isolation analysis prep.) ..
Performing IP -
@_ Keep on ice to

—/ maintain ssDNA

4. Set aside INPUT samples

Prepare Beads (washing and resuspension) U < /\ \' T‘ﬂ

5. Add 5mC specific antibody
Overnight incubation on rotating wheel

Prepare IP reaction tube
Sheared gDNA

Spike-in controls >\ - y

Buffers

heat-denaturation to ssDNA : /e/‘\(

6. Remove unmethylated DNA

W — @% 4 Wash bead/antibody/DNA complexes
%

/ m

1’«
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DNA METHYLAT'ON WORKSHOP - MED'P DNA extraction Shearing prep.) isolation analysis prep.)

Performing IP: INPUT sample

i o
Analysis P4

=  Fraction of sheared DNA is kept aside as INPUT (~10%) —
Processed in parallel with IP-samples (without antibody) me-DNA |IP

Recommended: 1 input for each DNA sample samples +

INPUT controls

= Key reference for MeDIP-qPCR and MeDIP-seq analysis

=  MeDIP-qPCR: used to calculate the IP recovery (% of input)

=  MeDIP-seq: mandatory for bio-informatics analysis
Normalization for mappability of a region, to avoid duplication bias etc.

15



Cell lysis & DNA (L|brary

DNA METHYLATION WORKSHOP - MEDIP | DNAextraction ~ Shearing prep.)

Performing IP: 5-mC antibody

IP

Recommended antibody:
5-methylcytosine (5-mC) Antibody - clone 33D3 (Diagenode)

N

DNA-
isolation

A
\ 4
O)
Highly specific
antibody
[
GAPDH unDNA TSH2B meDNA
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https://www.diagenode.com/en/p/5-mc-monoclonal-antibody-33d3-premium-100-ug-50-ul
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Performing IP: Spike-in controls
8 - U4
= External DNA spike-in controls & primer pairs -@-

— Synthetic sequence without homology to any model species )
External spike-

— No interference with DNA sample of interest )
in controls

— Add directly to each sheared gDNA sample before IP

— Not sequenced but use as control during gPCR analysis

= Methylated (positive) spike-in: confirm overall efficiency of IP workflow
* Unmethylated (negative) spike-in: measure non-specific IP background

Recommended kit: DNA methylation control package V2 (Diagenode)

17


https://www.diagenode.com/en/p/dna-methylation-control-package-V2-48-rxns
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DNA isolation

[ | want to Purify DNA ]

|
| SE— |

[ DNA Isolation ] [ IPure Kit V2 ]

Buffer
gPCR analysis NGS analysis
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gPCR analysis: QC check

IP QC check using gPCR on the spike-in controls

1. %recovery
= 2lct UNPUT) =332 ~Ct(P)] 4 100

= log 10/log 2 =, where 10 is dilution factor IP/INPUT

2. Enrichment
% recovery meDNA

% recovery unDNA

3. Specificity
1

Enrichment

Success criteria

=  Methylated spike-in recovery > 20%

=  Unmethylated spike-in recovery < 1%

= Spike-in IP specificity > 99%

>99%
100%

75%
50%
35%

25%

<1%
0% —

1pg

B % recovery unDNA

>99% >99%

71%
65%

<1% || <1% [

100ng 10ng

2 % recovery meDNA M Specificity
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gPCR analysis: QC check & analysis |

gPCR quality

= Primer pairs for Positive/Negative control regions within the DNA sample of
controls

interest
QC check during gPCR & NGS analyses

25 7

= Available primer pairs for human/mouse/rat

— Positive TSH2B locus: methylated region ‘g_ m Blood cells
— Negative GAPDH locus: unmethylated region = mGm12878
E m Hela
g = U20S
=

= Ordesign your own gPCR primers

TSH2B GAPDH |
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https://www.diagenode.com/en/categories/primer-pairs
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Summary — Tips for Good MeDIP-qPCR Assay

1. High
/ integrity gDNA\
6. QC check 2. Precise
by gPCR gDNA
’e shearing
LN
o
5. External 3. Highly
spike-in specific 5-mC
controls antibody

samples
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Workflow: Methylated DNA ImmunoPrecipitation (MeDIP)
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DNA METHYLAT'ON WORKSHOP — MEDIP DNA extraction Shearing prep. isolation analysis prep.

Library preparation: Adaptor ligation before IP

i o
NGS Analysis P4

dsDNA
S s 3’
Critical step for successful sequencing 3 — 5’

Adaptor ligation on dsDNA before denaturation and IP _ —
Recommended kit: iDeal DNA IP Library Preparation Kit
_ . . ) 3’-adapter
Fully optimized & validated for MeDIP-seq m— 5 _adapter
— Low input (from 10ng DNA)

— High library yield
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https://www.diagenode.com/en/p/iDeal-DNA-IP-library-preparation-kit-x24

DNA METHYLATION WORKSHOP — MEDIP : | .3..
MeDIP-seq: Performing IP| -@-  "epenie®

4. Set aside INPUT samples

1. Prepare Beads (washing and resuspension) < L. A ’Trﬁ
U input'WU TT?

=1
q —1

) = &

5. Add 5mC specific antibody

2. Prepare|P rea.ctlon tube Overnight incubation on rotating wheel
Adaptor-ligated DNA

Spike-in controls >\ o >\

Buffers

3. Heat-denaturation to ssDNA } /o/\@/

6. Remove unmethylated DNA

W ‘ng Wash bead/antibody/DNA complexes
%«\T%/
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DNA METHYLAT'ON WORKSHOP - MEDIP DNA extraction Shearing prep. isolation analysis prep. (1

MeDIP-seq: DNA isolation

[ | want to Purify DNA ]

[ IPure Kit V2 ]

|

NGS analysis
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https://www.diagenode.com/en/p/ipure-kit-v2-x100
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DNA METHYLAT'ON WORKSHOP MEDIP DNA extraction Shearing prep. isolation analysis prep.

Library preparation: Optimal PCR cycles

i o
NGS Analysis P4

Minimization of PCR cycles =
= Limits the risk of introducing bias during PCR Minimize #
=  Minimizes # of PCR duplicates PCR cycles
Determine optimal # of PCR cycles for each sample and input on a small aliquot
=  Optimal cycle number = Ct (rounded up) + 1

e.g. Ct=6.82 -> 8amplification cycles

10 15 20 25 30
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DNA METHYLAT'ON WORKSHOP - MEDIP DNA extraction Shearing prep. isolation analysis prep. ( 1]
Library preparation: Amplification
- B Barcode 1
Ese— Barcode 2
|
|

= Recommended kit: iDeal Unique Dual Indexes for lllumina —-
— Library multiplexing
— Unique i5 and i7 barcodes l
— Filtering of index-hopping events (especially on NovaSeq)
H |
| IS b
H |
| I .
H |
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https://www.diagenode.com/en/p/iDeal-24-Unique-Dual-Indexes-Set-A
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Library preparation: Pooling & quality controls

= Determine library size

- Bioanalyzer or Fragment Analyzer o
= Quantify m
- Qubit |
- Convert ng/ul to nM by average library size 01

* Dilute and pool normalized libraries

- Same size for best clustering
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Cell lysis & DNA Library P DNA- qPCR

DNA METHYLAT'ON WORKSHOP - MEDIP DNA extraction Shearing prep. isolation analysis

MeDIP-seq: Sequencing Settings

Read length
— Paired-end 50 bp

Sequencing depth
— Mainly set by genome size, samples and flow cell type
— 50 M for genome-wide DNA methylation analysis (human & mouse)
— Use same depth for input

Replicates
— Biological duplicates are minimum for most bioinformatic analyses

— Increased replicate number will improve sensitivity of the downstream analysis

Input sequencing
— One input per sample is gold standard
— Pooling inputs from replicates can often be considered

Library ...
prep. NGS Analysis P4
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Cell lysis & DNA

DNA METHYLATION WORKSHOP - MEDIP | P4 extraction,” shearing

MeDIP-seq: Analysis

Bioinformatician

Wet-lab expert
with free time

No expertise
or no free time

free-ware and online tool kits

standard bioinformatic services

free-ware and online tool kits

advanced bioinformatic services

®
Library P DNA- qPCR Library g

; (]
prep. isolation analysis prep. NGS Glalls s @

https://bioconductor.org/packages/release/bioc/html/MEDIPS.html

www.bioinformatics.babraham.ac.uk/projects/segmonk/

biit.cs.ut.ee/gprofiler/gost

https://www.diagenode.com/en/categories/Services

Comprehensive DNA methylation and bioinfo services

www.bioinformatics.babraham.ac.uk/projects/segmonk/

Initial & advanced data analysis, genome browser, graphical
presentation of data

https://biit.cs.ut.ee/gprofiler/gost

Functional profiling tool

https://www.diagenode.com/en/categories/Services

Comprehensive DNA methylation and bioinfo services
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http://www.bioinformatics.babraham.ac.uk/projects/seqmonk/
https://biit.cs.ut.ee/gprofiler/gost
https://www.diagenode.com/en/categories/Services
http://www.bioinformatics.babraham.ac.uk/projects/seqmonk/
https://biit.cs.ut.ee/gprofiler/gost
https://www.diagenode.com/en/categories/Services
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MeDIP-seq: Analysis

i o
NGS Analysis P4

Start from raw .FASTQ text-based raw sequence and quality scores

read files
R ﬂ'}%.}.} ng
[ Alignment } <----- .BAM aligned sequence
bl C ' LJ :a_l__'t_g,-'_ ::m t’c _

Data from
another analysis

I
!

l Peak calling }

|
|
| l l

k%

‘ Comparison ‘ Motif analysis ‘ Annotation/G0/Pathway ‘ ‘ Visualization ‘ ‘ Statistics ‘

31



Cell Iysis& > DN/-_\ > Library > P > ) DNA» > qPCR. > Library > NGS > Analysis > ‘...
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MeDIP-seq: Example of results

Sequencing Statistics
100%

75%
Uniquely mapped
50% = reads after mapping
280 78% 81% 77% + duplicates removal
25% s 50% 49% 6% + multi-mappers removal
33% = reads for methylation analysis
0%

input IP |input IP |input IP |input IP |input

lpg 100ng 50ng 25ng 10ng

B uniquely mapped M multimapped duplicates ®unmapped

Sample: Human whole blood genomic DNA
Starting amount: 1 pg; 100 ng; 50 ng; 25 ng; 10 ng
Sequencing: PE 50 bp on Illlumina Novaseq

Bioinformatics analysis: MeDIPS
32
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MeDIP-seq: Coverage profiles
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Library
prep.

DNA
Shearing

DNA-
isolation

gPCR
analysis

Library
prep.

Cell lysis & P
DNA extraction

MeDIP-seq: Peak calling

Fraction of reads in peaks over uniquely

100

0 II

7

un

5

o

2

W

mapped reads (%)

100 ng 50ng 10ng

B Replicate a
B Replicate b

25ng

SpeC|f|c me-DNA enrichment compared to reference genome

...
NGS Analysis P4
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Summary — Tips for Good MeDIP-seq Assay

1. High integrity

/////// o \\\\\\\

7. Library QC 2. Precise gDNA
for NGS shearing
—

-,

5. qPCR .
optimization: spzé:i;lilcggik C
minimal library Bntbody

amplification

\\\\\ 4. INPUT ///////

samples &
spike-in
controls
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Celllysis DNA NGS Library Bioinformatics
exgt(rapgipc;n Shearing MeDIP DNA Isolation gPCR Analysis o e

Hardware: Bioruptor

Reagents: - Sl sudbed] Primer Pairs
J Sl Extraction Module Sp in controls —

MagMeDIP qPCR Kit

Kits:
MagMeDIP-seq Package V2
Epigenomic Profiling Services
Services:

Data Analysis

Service

www.diagenode.com 37


https://www.diagenode.com/en/categories/bioruptor-shearing-device
https://www.diagenode.com/en/p/xl-gendna-extraction-module-6-rxns
https://www.diagenode.com/en/p/5-mc-monoclonal-antibody-33d3-premium-100-ug-50-ul
https://www.diagenode.com/en/p/dna-methylation-control-package-V2-48-rxns
https://www.diagenode.com/en/p/ipure-kit-v2-x24
https://www.diagenode.com/en/categories/primer-pairs
https://www.diagenode.com/en/p/magmedip-kit-x48-48-rxns
https://www.diagenode.com/en/p/magmedip-seq-package-V2-x10
https://www.diagenode.com/en/categories/Services
https://www.diagenode.com/en/categories/bioinformatics-service
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