Bisulfite Sequencing for Site-Specific DNA Methylation Analysis
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Principles of Bisulfite Conversion
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Principles of Bisulfite Conversion

l Bisulfite conversion

Me M
clclAlTIuTAlCICIT U
l Seguencing

CGATTACGT T Bisulfite-treated
sequence

CGATOCACGT C Referencegenome
(untreated)
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Methodology of Bisulfite Sequencing

Cloning &

Genomic DNA Bisulfite Target == Sequencing

selection

extraction treatment amplification
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Methodology of Bisulfite Sequencing

Genomic DNA |
extraction

* Plant genomic DNA extraction kit (recommended)

e Standard CTAB DNA extraction
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Methodology of Bisulfite Sequencing

Bisulfite

treatment

Commercial kits available for plant DNA bisulfite conversion
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Methodology of Bisulfite Sequencing

Bisulfite
treatment DNA integrity Conversion rate
~ Conversion rate DNA integrity @)
Option 1 , \ Option 2 />
1. Mix prepa ration Step Time (min) | Temperature | |Step Time (min) | Temperature
Denaturation 5 95°C Denaturation 2 95°C
2. DNA conversion — |Incubation 25 60°C Incubation 120 75°C ‘8
Denaturation 5 95°C Denaturation 1 95°C
3. DNAcleanup Incubation 85 60°C Hold 60 75°C
Denaturation 5 95°C Hold oo 10°C
Incubation 175 60°C Duration: ~ 18 hrs
Hold oo 20°C

Duration: ~ 5 hrs
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Methodology of Bisulfite Sequencing

Target

amplification

PCR amplification using the bisulfite-treated DNA
General considerations for primers design:

* Use a designated software (freely available on the web)
* Target a methylated region < 500bp

* Design nested primers

* As few Cs as possible
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Methodology of Bisulfite Sequencing

Target

amplification

Freely available tools for primer design:

e Kismeth http://katahdin.mssm.edu/kismeth/primer design.pl

* Methyl primer express
https://www.thermofisher.com/order/catalog/product/4376041?SID=srch-srp-4376041

e Bisulfite Primer Seeker https://www.zymoresearch.com/pages/bisulfite-primer-seeker

e And more....
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http://katahdin.mssm.edu/kismeth/primer_design.pl
https://www.thermofisher.com/order/catalog/product/4376041?SID=srch-srp-4376041
https://www.zymoresearch.com/pages/bisulfite-primer-seeker

*

1 AB

Bisulfite Primer Design

Use the form below to select the file containing your sequence in fasta format: ?

Display name (optional):

Sequence file:] Choose File | SITAB2 txt |Examp|e |T

Mln primer length Max primer Iength Min. ru:uductlength Max product Iength Mln Tm

Primers for other
Number of pri 10
umber o pnmers sirand 7

| Upload file and generate primers |

http://katahdin.mssm.edu/kismeth/primer_design.pl



'Kismeth

Kismeth:Bisulfite

Home:

Bisulfite primers

Input sequence (676 bp)
AAAAAAATAAAARA

CAACGAACTTGCCATCAAACCTGTTCCTAGCARACG

Fiz SITABZ tut, size 68T byt=s has vploaded

sucoessully.

TAAAAAARAATTAGTCTCCCTTATCTTTTAAATAAAAAAATAAAAAATAAAAATAAATAATTTGGE
TTTGATGGCTTGTCTAAGCTGCAGTCTCCCTTTACTTCAAACTCATAAAGCGATTTCCAATTTCAGTGTATTCCCCTTTA
AATCAGTTGCAATATGTTTACCAAAATGTAAGGTBAAGTCTGTTCATATTCCATCAGTTTCTGAAGCTTCTTCTATTTCA
TCTACTAATTTGGAAGAACGAGGAGGACGACGATCCCACTGCTGAACTTGTTTATCTTGACCCTGAAATTGATCCTGAGAG
CTTATCTGAGTGGGAATTGGATTTTTGTTCAAGACCAATTCTTGATATTAGAGGGAAAAAATTATGEGAGCTTCTTGTTT
GTGATGATTCCCTCTCTCTTCAGTATACCAAATA CCTAATAATCTTATCAATAGTATCACTTTGARAGATGCTTTA
CTATCTATATCTAATGACTTAGGTATCCCATTACCCGATARAATCAGATTCTTCAGGTACTCTTAACTTACATCCTCTCA
ACTGTTTTACATTTTCAATTCTCTCATCAATTGTTTTCCATTTTTAGGTCACAAATGCAAACTATTATTACAAGAGCTTG

Forward strand primers visualize

Count forward primer reverse primer plre?]%lﬁ? fnpr;)r:v T1,T2(forward)| T1,T2{reverse)
1 ABATAAAAATAARTAATTTGGGTTTGATGG||CTCCCATAATTTTTITCCCTC TAATATCAN|2T3 58,361 (508,508 544544
2 TAATTTGGAAGAAGAGGAGGA TACCTRAARAATCTRATTTTATC 250 245516 (485485 427481
3 AATATGTTTAYYAAAATGTAAGGTGAAGT ||TAAARCATCTTTCAAARTRATACTATT  |[254 170,453 (50.1,53 46.0,50.6
4 AAAATGTAAGGTGAAGTYTGTTYATATT ||ATATARATARTAAARCATCTTTCAAA 254 182 464 (498528 437485
T1 is the Tm calculated by replacing all C's with T's in the forward primer (and G's with A's in the reverse primer),
T2 is the Tm for the unmodified primer
Reverse strand primers visualize
Count forward primer reverse primer '}g‘é‘éﬁt fnpr:]r:v T1,T2(forward) | T1,T2({reverse)
1 AGTTGAGAGGATGTAAGTTAAGAGTA TCTCCCTTTACTTCAAACTCATAAA 403 537,104{53.253 2 51.1.511
2 TATTGATAAGATTATTAGGAAAATATTTGG CTCCCTTATCTTTTAAATAAAAAAATAAAA |(368 427 29 (506,506 493493
3 AATTGATGAGAGAATTGAAAAT GTAAAA AARCTTCTTCTATTTCATCTACTAATTT 313 564 223496496 496511
4 GGAAAATATTTGGTATAY TGAAGAGAGAGG |AAAAATTARTCTCCCTTATCTTTTAAATAA |361 410,19 (|56.1,57.5 49.3 506
5 GAAAAT GTAAAAYAGTTGAGAGGATGTAAG|TCCAATTTCARTRTATTCCCCTTTAAATCA |[381 54i,135(54.7 58.1 534561
5] TGGTATAYTGAAGAGAGAGGGAAT AAAAATAAAAARAAATTARTCTCCCTTATC (367 4069 (522539 493 50.6
7 AARAAATGGAAAAYAATTGATGAGAGAATTG CTTCAAACTCATAAMARCRATTTCCAATTTC|[431 575114(52.053 4 534561
8 AAAGTGATAYTATTGATAAGATTATTAGGA |[CTRCARTCTCCCTTTACTTCA 318 43798 (50.6,52 435524
9 TGATTTTATYGGGTAATGGGATA TATTCCCCTTTAAATCARTTRCAATAT 328 503145481499 491521
10 TAAGTYATTAGATATAGATAGTAAAG TCTRTTCATATTCCATCARTTTCT 253 475 195(46.9 485 471,505

T1 iz the Tm calculated by replacing all C's with T's in the forward primer (and G's with A's in the reverse primer),
T2 is the Tm for the unmodified primer

Flease contac: Ravi Sachidanandam (ravi.cshlwork/at'amail.com’ with any questons.

C->Y(CorT) in Forward primer

G -> R (G or A) in Reverse primer



Visualization

Forward strand primers

pr imerd
pr imerz
pr imer3
pr imerd

4

201

highlighted regions correspond to features in track:

AAARARAT AS
TTGATGGCT
BATCAGTTGC
TCTACTAATT
CTTATCTGAG
GTGATGATTC

.
ACTGTTTTAC
CAACGRACTT

AALATARAAN
TGTCTAAGCT

TOEAARALGE
TOEEAATTEE
CCTCTETCTT
CTAATGACTT
ATTTTCAATT
QCCATCARAC

ARAATTAGTE
GCAGTCTCCC

FEAGEACGAL
ATTTTTGTTC
CAGTATACCA
AGGTATCCCA
CTCTCATCAA
CTaTTCCTAG

TCCCTTATCT
TTTACTTCAA

GATCCCACTG
AAGACCAATT
AATATTTTCL
TTACCORATA
TTGTTTTCCA
CARACG

TTTAARTAAA
ACTCATARAG

T
CTGRACTTGT
CTTGATATTA
TAATAATCTT
AARTCAGATT

TTTTTAGGTC

2

No nesting option

B0

y_primer3, primer2, primeril

AALATARAAN
COATTTCCAA
CCATCAGTTT
TTATCTTGAC

GAGGGAAAAA
ATCAATAGTA
CTTCAGGTAC
ACAAATGCAA

ATAAAAATAA
TTTCAGTGTA
CTGAAGCTTC
CCTGARATTG
ATTATGGGAG
TCTTAACTTA
ACTATTATTA

ATAATTTGGG
TTCCCCTTTA
TTCTATTTCA
ATCCTGAGAG

CTTCTTaTTT

CATCCTCTCA
CAAGAGCTTG

Visualization

Reverse strand primers

pr imer1
pr imer2
pr ime3
par imet4
far imer
par imer6
pir imer7
pr- imetf
par imer9
par imer10

4
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highlighted regions correspond to features in track: primeri@,

primeré, primers,

AAAAAAATAA
TTTGATGGCT

CTTATCTGAG
GTGATGATTC
CTATCTATAT
ACTGTTTTAL

CAACGEARACTT

AALATARAA
TaTCTAAG
GTTTA
TORALGALGA
TGEEAATTEA

CTAATGACTT

o —

GQCCATCARALC

» primer3, primerz, primeri

TCTCCC
CCAAAATGTA
GGAGGACGAC
ATTTTTGTTC

cca

AGa

S

CTaTTCCTAG

Nested PCR primers:
primer7 + primer5
Primer9 + primer 10

TCOCTTATCT

TTTACTTCAA A

AGETGAAGTL
GATCCCACTG
AAGACCAATT
AATATTT

S ——

CARACG

oA AT B
ARAATAAALN

1 LA L

CCATCAGTTT
TTATCTTGAC
QAGGEAAAAL

CTTCAGGTALC
ACARATGCAL

ATARRANTAA
TTTCAGTG
CTGAAGCTTC
CCTGAAATTG
ATTATGGGAG
GRA
TCTTAACTTA

ACTATTATTA

s_primery,

ATRATTTGAE
ATCCTRAGAG
CTTCTTGTTT
AGATGLTTTA

T —————

CATCCTCTCA

CARGAGCTTG



Nested PCR for increased specificity and yield:
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Methodology of Bisulfite Sequencing

Cloning &

selection

Standard cloning procedure
* ligation into cloning vector
* Transformation into bacteria (E.Coli), colony selection (6-10 positive)

* Plasmid purification -> sequencing
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Methodology of Bisulfite Sequencing

Genomic DNA Bisulfite

ﬁ . .
extraction treatment Sequencing

Sequence analysis

1) Clean vector sequences
2) Blast to validate identity
3) KISMETH analysis
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'Kismeth

J’J}LL AB Kismeth

Home

Bisulfite Analysis

Display name: | test 1?

Select the files containing your sequences: ?

Formats YES: FASTA NO: WORD,PDFEXCEL

Reference sequence file: Comparison sequences file:

Choose File | Athu1_plus_wt_leaf fa Choose File | AtMui_plus_ddmi_leaf fa

Parameters(rtfm before changing them)

Remave por duplicates: [

Min. fraction of positive maiches: Min. fraction of length:
Start of reateh: l:l End of match: l:l

Lipload selected files and run analysis |

Example data files from pilot studies

http://katahdin.mssm.edu/kismeth/revpage.pl



Kismeth

/a}(/LAB Kismeth

Home

Bisulfite Analysis
Overall statistic Total methylation (%)
CG 1.29%
CHG 1.29%
CHH 2.74%
all 2.3126% — ~97.7 % conversion

Unmethylated chloroplastic region
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DNA bisulfite sequencing results — Example 1
} H

Wt2 PPO

9000888

Wtl PPO

CQHHOHOHOHOHD OH HOHOHOHOHO
CQHOHOROHOHCROHY OH DHOHOHOHOH)
CHHOHOHOHROHD OH DHOHOHOHOHO
CQHOHOHOHOCHOHDY O OO0
000008 S0P 000 9 —
CHOHOHCHOCHOHY CHORCHOHHOOH OO
S0 08000 S5 8800
CHHOHOHOHCROHDY CHORCHOH MO HOHOH)
CHHOHOHOHROHD CHOHCMOHHOHOHOHOHO
CHHOHOHOHCROHDY CHORCHOH MO H OO
CHHOHOHOHOHD CHOHCHOHDHOHOHOHOHO
CHHOHOHOHCROHDY CHORCHOH MO HOHOH)
CHHOHOHOHROHD CHOHCMOHHOHOHOHOHO
CHHOHOHOHCROHDY CHOHCHOHHOHHOHOH)
CHHOHOHOHROHD CHOHCMOHHOHOHOHOHO
CHHOHOHORCROHDY CHOCHOHHOHHOHOH)
CHHOHOHOHOHD CHOHOHOHDHOHOHOHOHO
CHOHOHCHOCHOHY CHOCOHHOHOH OO
29088004

CHHOHOHOCROHDY CHORCROHHORHOHOH)
CHHOHOHOHOHD CHOHOHOHDHOHOHOHOHO
CHHOHOHOHCHOHDY CHOHCROH MO HOHOH)
CHHOHOHOHROHD CHOHCROH MR RO
COHDHOAHOACH O CHOACHOHDH OO

CG ® mCG
CHG ® mCHG
CHH ® mCHH

O OO
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DNA bisulfite sequencing results — Example 2
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Lieberman-Lazarovich M, Melamed-Bessudo C, de Pater S, Levy AA (2013) Epigenetic Alterations at Genomic Loci Modified by
Gene Targeting in Arabidopsis thaliana. PLoS ONE 8(12): e85383. https://doi.org/10.1371/journal.pone.0085383



Summary

Bisulfite sequencing:
* Provides information on DNA methylation at a nucleotide level

resolution, allowing the detection of the position of methylated

cytosines and the level of methylation.

» Key factors for a successful assay: primer design, non-methylated control
* Can be used to detect methylation status o
e of a particular locus

e genome wide
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