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i Transcription possible l

T Transcription impeded

Major roles in fundamental cellular activities.
-control of gene expression
-maintenance of genome integrity
-control of genomic imprinting

70-80% of all CpG di-nucleotides are methylated.
-most of this occurs in repetitive elements or

-regions of low CpG density Context:
CpG, CHG, CHH
CpG rich regions (CpG Islands): H - stands for A, Tor C

-often found in gene promoters
- ‘generally’ unmethylated
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Bisulfite Modification of DNA

Unmodified sequence:
GTC"GAACCGTTCATGTTGC"GAGCTG

1 Bisulfite Modification

GTC"GAAUUGTTUATGTTGC"GAGUTG

| S

GT CG AATTGTTTATGTTG CG AGTTG
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Sample: gDNA (1 ug)

~cmc

l Adaptor ligation

DNA spike-in C2>U=>T
-Conversion efficiency / \ Bisulfite reaction mCS>C-SC

UGG U 3

l PCR amplification

TII
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Methylation Data Analysis .IGI
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Software Features
EBISMARK Supports both single end and pair-end reads. i
S Uses bowtie aligner. _________________ ]
PASH 3.0 Methylation & SNP’s.
R Uses low memory & Slow speed alignment :
i BSMAP Maps both single/pair-end reads. i
e Uses SOAP aligner. ._____________
Methylcoder Maps both single/pair-end reads.
Handles also color space reads (SOLID).
BS-Seq Uses Gaussian Mixture model (GMM) to identify the

probability of Avs Gvs Cvs T.
GMM available only to Arabidopsis genome

BRAT Maps both single/pair-end reads.
Trims low quality bases.
Improves unique mapping for pair-end reads.

Kismeth Web-based tool.

Designed for plant methylation data.
e



BISMARK algorithm
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A genomic fragment ..ccggcatgtttaaacgct..
sequence after bisulfite
treatment ?GCATGTTTAAAC?
C-to-T G-to-A read conversion
TTGGTATGTTTAAATGTT TTAACATATTTAAACATT
align to bisulfite
converted genomes
..ttggtatgtttaaatgtt.. ..Cccaacatatttaaacact..
..aaccatacaaatttacaa.. ..ggttgtataaatttgtga..
forward strand C-to-T converted genome forward strand G-to-A converted genome
M @ @) @ read all four alignment
T iy outputs simultaneously
\ to determine if the
e sequence can be
determine unique best alignment mapped uniquely
Bismark output
B BS-read corresponds to

converted original top strand

™ Te z unmethylated C in CpG context

5 '—TTGGéATGTTTAAACGTT—B ’ pisulfite read Z  methylated C in CpG context
5’..ceggcatgtttaaacget..3’ genomicsequence x unmethylated C in CHG context
X methylated C in CHG context

v ' Vo h unmethylated C in CHH context
XxzZ..H.ooooo.o.. Z.h. methylation call H  methylated C in CHH context

Felix Krueger & Simon R. Andrews Bioinformatics 2011
00000000
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* Simple to use and widely used in the DNA
methylation community.

* Bismark uses Bowtie2 mapper for
alignment.

* Post-processing scripts to parse aligned
reads to identify methylated and
unmethylated C’s.

°* Handles both single and pair-end libraries.
° Output both C’s context and % methylation.
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Methyl-se :
yl-seq Contamlr]ants Adaptor trimming/
(DNA seq) screening Quality filtering

S 2
Bisulfite conversion
(spike-ins)

x g

NV
Genome mapping

« Coverage @

* Methylation calls &
% methylation \-

Remove duplicate reads
— (PCR amplification)

— CpG, CHG, CHH
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Plant secondary cell walls (SCWSs) contains
important polymers for the production of

biofuels.

|dentification of Tissue specific TF’s through
gene expression and methylations that regulate

SCW’s.

5359959

Genome Information: Root
Genome size: ~ 700 Mbp Shoot
# of Cytosines: 306.4 millions Vascular

Nonvascular

‘ Bisulfite-seq RNA-Seq

Siobhan M Brady (In prep)
10
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90 “ Unique mapping - WPNZzZ WPOA WPOB
W Multiple mapping O
% No Mapping 8 8 - T
0 — £ 8 1 z 2 i Z § 7]
g 2 I g
60 R 1 %] g -
oo 02 ox ' os om0 om0 om0 o o 01 02 0s 0x 0s
40 ‘ % methylation % methylation % methylation
30 - WPOC WPOG WPOH
20 - 8 2
] § %] 5 ¥ 571
0 - 8 8 : 8 § | 8 g :
-OTO 0.I2 074 O.IS 0?8 1.IO _O.IO 071 O.IZ 073 0?4 075 -OTO O.IZ 074 0?6 078 1?0
~ 75 % of the reads are mapped to genomes
(unique and multiple hits)
Bisulfite conversion efficiency is very high (> 99 %)
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Example: Global DNA methylation JGI\
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e mmmw.

L ci — CG
RE # - CHH
601 — CHG

‘Gene.l h/. //Q/

% methylation
AN
o

e Q
3
o 8 o0
P, U r—n
) Upstream 2K a Gene body" Downstream 2K :

CGs are hypermethylated in gene bodies and
hypomethylated near TSS as expected.

CG and CHG methylation marks correlate with

repetitive elements (RE) and reversely

correlate with gene density. Siobhan M Brady (In prep)
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Differential methylation JGI _
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overlap between DMR and DE

Selected differentially methylated regions in vascular and nonvascular tissues

Gene Name DMR Annotation DE
Sb06g026480  VAS  expansin precursor, putative, expressed NON
D E D M R Sb01g027880 VAS  CSLDL1 - cellulose synthase-like family D, expressed NON
4 8 8 6 Sb03g005570  VAS  gibberellin receptor GID1L2, putative, expressed NON
483 Sb06g019290 VAS  GASR4 - Gibberellin-regulated GASA/GAST/Snakin family protein precursor, expressed VAS
Sb10g024830 VAS  STRUBBELIG-RECEPTOR FAMILY 7 precursor, putative, expressed VAS
Sb04g012910  VAS  nodulin MtN3 family protein, putative, expressed VAS
Sb10g021750 VAS  BES1/BZR1 homolog protein, putative, expressed VAS
Sb03g037510 VAS  OsFBX27 - F-box domain containing protein, expressed VAS
Sb10g009640 NON GASR7 - Gibberellin-regulated GASA/GAST/Snakin family protein precursor, expressed VAS
Sb10g028580 NON glycosyl hydrolases family 16, putative, expressed VAS
DMR = Differentially methylated regions Sb07g020920  NON linker histone H1 and H5 family protein, expressed VAS
DE = Differentially expressed genes Sb01g004210 NON CESA2 - cellulose synthase, expressed VAS
9,852 bp
.tl'mnp ; :,:-s,tlmhp | sm.\imobp : s,uw?oobp I :tsu.tlmw : s,m,?oow : saoo.tlm bp l 3.39!47005;: ! :,m?oo bp : J.Sﬂ?ﬂow I 3,
[0-1.00)
DMR
Nonvascular
DNA Methylation
y il "
[0-1.00)
Vascular
DNA Methylation h dh

Sb01g004210 1Kb
Siobhan M Brady (In prep)
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At JGI, we have the capability to carry out DNA
methylation projects/studies.

Sorghum bicolor Bisulfite-seq data shows high genome
mapping and Bisulfite conversion efficiency.

|dentification of Tissue specific TF’'s through gene
expression and methylation that regulate SCW's, we
can develop stronger and thicker walls resulting in
higher biomass.
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