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Allele-Specific DNA Methylation Database

Welcome to Allele-Specific DNA Methylation Database

DNA methylation plays a crucial role in most organisms. Besides, parental alleles in haploids might exhibit different methylation patters, which can lead to different phenotypes and even different therapeutic and
drug responses to diseases. Moreover, related studies have revealed that allele-specific DNA methylation (ASM) can be used as an effective tumor marker and plays important roles in the development of seeds and
seediings. A database of high BS-Seq data and ASM results from multiple species was not available prior to this study.

Here, we the Allele-Specific DNA Databases (ASMdb), aiming to provide a comprehensive resource and a web tool for showing the DNA methylation level and differential DNA methylation

in diverse organisms, including 47 species, such as Homo sapiens, Mus musculus, Arabidopsis thaliana, and Oryza Sativa, with high quality 5998 GEO samples (4400 BS-Seq data and 1598 RNA-Seq data) filted by
bisulfite conversion.

The functionalities of Allele-Specific DNA Methylation Database (ASMdb) include the following:
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Examples of differential methylation between normal lung tissue and tumor (HOXS gene)

Methylation of HOXS gene may result in the loss of its expression, and since the encoded protein upregulates the tumor suppressor p53, this protein may play an important role in tumorigenesis
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1. Introduction
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Procedur ecoans edc f b o n We fisedBStMeath2 to map BSq data, calculate the
DNA methylation level and visualize the methylation patterns. MethHaplo was used for the detection of
allele-specific DNA methylation. Hisat2 was used for Ri$&q data mapping, and genes showing allele
speeific differential expression were detected by ASEQ. We then collated all the data and completed
construction of the ASMdb database using MySQL and Django tools.

2. Home page

The home page of ASMdb.

@ Version 1.0
AIIeIe-Sec hylation Database <y

<
{2 Home - Meth Browser  Analy, /Fimctionv D taSet§"v Tools' Download ~Help~ About Us~

% ASMdb | Home navigation bar

Allele-Specific DNA Methylation Database

Welcome to Allele-Specific DNA Methylation Database

DNA methylation plays a crucial role in most organisms. Besides, parental alleles in haploids might exhibit different methylation patterns,
which can lead to different phenotypes and even different therapeutic and drug responses to diseases. Moreover, related studies have
revealed that allele-specific DNA methylation (ASM) can be used as an effective tumor marker and plays important roles in the development of
seeds and seedlings. A comprehensive database of high-throughput BS-Seq data and ASM results from multiple species was not available
prior to this study.
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The functionalities of Allele-Specific DNA Methylation Database (ASMdb) include the following:
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Statistics of ASMdb Datasets

Homo Sapiens Mus Musculus Arabidopsis thaliana
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The information of allele-specific
DNA methylation (ASM) region
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Genome Track View Help
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By analyzing DNA methylation
of eaphesamn this modul e, y ou

speci es

di

of interest, and you

fferent tissues or stages wi
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# Home  MethBrowser  Analysis/ Function -  DataSets + Tools » Download Help~  AboutUs« | | onamethylationteve Download thlS ﬁgure /
F ASMdb | Analysis/ Function = DNA methylation profile Dlsp]ay in the form this[()gram )
* DNA Methylation Level Profile o 1 P
" Display in the form
] i of line chart 2
DNA methylation profile in species: f Select Organisms jo
Organisms: Select Organisms
Species: . I | o | @ Il | | e
Select Species e i s
@) \ (1 Methylation type
 — |
DNA Methylation Level Details
Source GEO fac mce mCHG mCHH
& 0.700445 0.00456139 0.00456007
Average DNA methylation level of each sample
0.722264 0.0216157 0.0243458
L 7 0.0604282 0.819326 0.0135092 0.0150818
0.103054 0.430449 0.00516797 0.00415877
0.0766791 0.332831 0.00568677 0.00352345
0.122431 0.524319 0.00615393 0.00498893
0.103603 0.441158 0.00538942 0.0042678
0.107987 0.514833 0.00722971 0.00435835
GSM 0.0805595 0.339523 0.00669647 0.00409409
0.0790343 0.33604 0.0061905 0.00398977
First Previous Next Last The 1 Page/Total 110 Page

After sel soitsi aasgpe"toiregesasmpiecti vely, the page
average DNA methylation | evel of each sampl
of histogram and table. The di $ppiayt droe m ¢
can also be downl oaded.

w: Select DNA methylation types (mC, mC G

types wil |l be hidden in the histogram or |

Y: You can sl ide ort hderneeg steh ee cet xetde rssaingpn es Iy
accordingly.

6. Gene methylation profile across samples

By analyzing the DNA methylation data, we
of the gene body and promoter in each sampl
met hyl ation | evels of ges@ebodyg. alvd dr e mbt

information in the form of tables or pictu

13



6.1l nput gene id

A Home Meth Browser ~ Analysis/ Function ~ DataSets v  Tools ~ Download Help~  About Us~

3 ASMdb | Analysis/ Function | DNA methylation profile
3£ DNA Methylation Level Profile

DNA methylation profile in Gene/Promoter of different samples: f Select Organisms

Organisms: - Select Organisms --

Select Species ~ Species: T - Select species v

Gene: <\v
e.g., ENSG000002400869, foxc1b, Os01g60000,
ENSBTAG00000015831 Input gene id

Submit

Submit

6.2Selaemrd remove tracks

= ASMdb  Analysis/ Function = MethyGeneProfile

3£ DNA Methylation Level Profile in Homo sapiens

Gene Information

Chrom Start End Strand Gene

chri16 67562407 67639183 + CTCF/ ENSG00000102974 JEETT

Lo | | v | e |

Transcript information

NS To000056607508 I of this gene

The DNA methylation level of gene ENSG00000102974 at different stages of a species

DNA methylation level profile across different stage Down]oad thls ﬁgure

Display in the form of histogram | .

DNA methylation level [0-1)

E mC

14

.

Choose different transcripts Gene information

* Display in the form of line chart

(@ C in Gene Body
B CG in Gene Body
@ mCHG In Gene Body
MCHH in Gene Body
mC in Promoter
@ CG in Promoter
mENG in Promoter

in Promoter

@Methylation type



| Methylation level in gene body
Source GEO mC mCG mCHG mCHH
Brain_BA24_NeuN_neg GSM2536541 0.0702792 0.866318 0.00753669 0.00609337
Brain_BA24_NeuN_neg GSM2536541 0.0694211 0.859573 0.00801946 0.00624794
Brain_BA24_NeuN_pos GSM2536542 0.080357 0.877901 0.0181861 0.0186966
Brain_BA24_NeuN_pos GSM2536542 0.0793567 0.874289 0.0181829 0.0188281
Brain_BA9_NeuN_pos GSM2536544 0.0797983 0.867167 0.0179184 0.0195508
Methylation level in gene promoter
Show 10 ~  entries Search®
Source 1£ GEO mC mCG mCHG mCHH
103y_CD4+T_cells GSM774849 0.0176426 0.0862832 0.00454545 0.00322165
293T GSM2805258 0.0182615 0.0304487 0 0.00986842
2937 GSM2805259 0.0134731 0.0372041 0.00205761 0.00153965
293T_dCas9-cat3a GSM2805260 0.0660475 0.178082 0 0.0106796

7. Allele-specificexpressedyenes

Al l el eegspegefmied can cause different phen
are assodiistteadcewi tamd ot her i n{plo%r,t 2a0ikt bi ol
identified SNP information through the cori

identifiedeapt geeedpbcoligb SNP -$ed odantad .i on

7.1Sel ec$SeBNAampl e

& Allele-Specific Expressed Genes (P =" Hide details
GEO information
Allele-Specific Expressed Genes in species: G5M GSM1276509
Select Organisms
Title CvixCol_endosperm_2_mRNASeq
Organisms: Arabidopsis_thaliana ¥ Tissue Endosperm
endosperm genotype: Cvi female X Col-0 male
Source: endosperm_6d v<«— Select Source Source developmental stage: 6 days after pollination tissue:
endosperm
GEO: GSM1276509 vl Select RNA-Seq data Bases 676
A - Instrument lllumina HiSeq 2000
SNP from BS-Seq” ™ GSM1276492 VT o Layout SINGLE
Select SNP source e.g., Homo_sapiens/ HEK293T Author Gehring M, Pignatta D, Bell GW, Scheer E, Erdmann RM
from BS-Seq — Organization Whitehead Institute for Biomedical Research
Pubmed 24994762

When displapgeaigf iacl | expgr essRNMeqf dabar es|
species and tissues need to be selected. I
when users s®dédecdatea,c ht RNAdet aSdg dddt & owirlels
be displayed on the right

15



7.2Show t hsep eackixfrinrog® € 8 d

We show the densitspedidgtri extpiressefd glhe
chromosomes in the form of heat map. | n adc

with ASEG in the form of table, and provid

mamwm ttacilitate users to do their own inter
Allele-specific expression genes of Arabidopsis_thaliana / endosperm_6d
/ Download aseg heatmap results
The distribution of allele-specific
expression gene on each chromosome Download the heat map
— =
= P —
= = =
= — =N —
——| — |—] =
= = |
= —| = =
——| —| = =
i i = i i . . Download aseg in xlIsx file
The information of allele-species expression gene ASM site with gi i \
Show | 10 v | entries ASEG overlap
Download the table
Chrom Start I End GenelD ASMsite Brows
1 30405432 30409710 AT1G80930 na
1 30403644 30404690 AT1G80920 na
1 30400734 30403676 AT1G80910 na
1 30392133 30394383 AT1G80870 na
1 30365287 30368898 AT1G80810 1:30364049-30364064
1 30359723 30363307 AT1G80790 1:30364049-30364064

8. Gene methylation profile in cancer

Nowadays¢gagcer and other diseases is of
And DNA met hyl ati on, an I mpor pahtenephfjenst
t umor (m&X kTehrer ef or e, this database is dedic
DNA methylation data (including cancer and

Heyr eve wi | | compare DNA methylation | eve

(including cancer, Al zlhaidmearg, netrana)l sdmplue:

16



8.1Skct t he

% ASMdb ' Analysis/ Function ' Gene methylation profile

cancer

of

5% DNA methylation Level profile around gene in Homo sapiens

DNA methylation profile in Gene/Promoter of per

Tissue: -- Select tissue --
Select condition, "
on: --- Select condition ---

cancer or other disease

Gene:

(Blood tumor),

Submit O\

Submit

82Show the gene

t Select tissue, such as Blood

v

VS normal

v

T —

Input gene id,

Such as CTCF or ENSG00000106004

met hyl ati on

lidnt er est

Here can be linked to the GEPIA database

The DNA methylation level of HIST1H4F betwaen cancer (30) and normal (59) in Lung

gene body gene promoter

Chrom Start End Strand  Gene
chrlé 67562407 67639183 + CTCF ENSGO0000102974 mnmm
Different transcripts of the gene -
~ T
RN
35 \' W Tumor
X < I W normal

Gene expression level in normal and
n- tumor tissues of different cancers

08 s l
04 04
02 02
-
- -
& $ &
§

(=2

etween cancer and normal

& e WP FF 4 oS FE
s £ 2y g & A e g
#£4 Compare the gene methylation level ¢

83Show the gene

met hyl ati on

The DNA methylation level of ENSG00000102974 at different stages of a species

DDNA methylation level profile across different stage

DMNA methylation level [0-1

& 4§

@ /7 @ Methylation type 7 of line chart

§ g

Download this
figure

Display in the form of
histogram

| @ G in Promoter

Display in the form

4 7

17
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DNA Methylation Level in Gene Body: - -
e p— DNA methylation level in gene body comen
Source I GEO mC mCG mCHG mCHH
AT2_cells_normal GSM2493802 0.0752586 0.910046 0.00332986 0.00190174
AT2_cells_norma GSM1592463 0.0741063 0.902627 0.00325799 000183472
show[10_~ | enties DNA methylation level in gene promoter Search
Source I1£ GEO mC mCG mCHG mCHH
AT2_cells_normal GSM2493802 0.028436 1 0.0243902 0
AT2_cells_normal GSM1592463 0028436 1 00243002 0

9. Differential ly methylated genes in cancer

Ass ar as we know, compared with normal ti
abnor mal met hyl ation | evels. Therefore, in

|l evel s of genes in nor mal and ycteatnheydlratt i s s L

g enedsi fifiey ppdzda nsc e r

915l eondi ti on and parameter

F ASMdb ' Analysis/ Function = Differential DNA methylation gene

3% Differentail DNA methylation gene

DNA methylation Gene/Promoter of different samples: Select tissue, such as Brain

Tissue: - Select tissue o

Select condition, t/\
ion: =

) Select condition - v VS normal
cancer or other disease

/ Select P-value, such as 0.01

Pval: — Select pval —

Select the differential DNA \v

Select dm v

methylation level, such as 0.3 .
Submit V/_\ Smelt

Il f you want to observe that the different
di sease, this modul eFiwn § th& kboes bvideehct hgppf of
canererdi sease, thenvyglowebthait ®dls ey Rt ¢ thte P
What 6s morteo tsheshur ensedeodf 8 er ent i al DNA met hyl a

9.2S hodw f f € ryeenttheyd leart e s

Her ¢ hiesresul t plamet heyd edtiefsf @ rne rbtriaaln cance
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Differentially methylated genes in Brain cancer and normal

Gene name can be linked

Show

The difference in DNA methylation
between normal and cancer tissues
of the gene

Search

tumor tissues of different cancers

Gene expression level in normal and

gene body

mn
2

0
&

=~ & & &
/¢ Compare the gene methylation level
between cancer and normal

gene promoter

-
o ¥

& & & #

Chro: to the GEPIA database qenaymhol Position Normal cancer \J‘l rawp: -
- : Download this table

chri 248601416 248601860 ENSC00000271701 m m 091 0.02 m 0.000139 processed_pseudogene

chrt 248590487 248597700 ENSGO0000184022 1 0.86 0.05 m 0.00000183  protein_coding

chrt 247524677 247536440  ENSG00000196242 088 003 1.058-7 protein_coding

chr2 236391074 236392388  ENSG00000232893 [ body | 0.88 0.08 m 0.0000342 antisense_RNA

Chrom Start End Geneid éenesyrnbol Position Normal cancer i . raw pval type
T
;‘ The DNA methylation level of IQCA1-AS1 between normal (158) and cancer (21) in Brain

10. High frequency allele genes in cancer

Recent studies have shown that ASM is increased in cancers, such as, lymphoma,

Myeloma. As we all know, ASM is one of the main causesgiinted genes, altered

DNA methylationlevel of imprinted genes has been implicated in a range of cancers.

At t he s head |deplaecei, f itc
di seases and
| ASEG c.ancer

expression i

S

essent

t hBEherefaveneddhenthi gahSM@qguency

10,1 Seleacndi

t

I on

and

F ASMdb

Analysis/ Function

High frequency allele genes in cancer

| S M/aMSEG mod e

High frequency allele genes of different samples:

Tissue:
Select condition,

. tion:
cancer or other disease "

l

— Select tissue —

5% High frequency allele genes in cancer

Select tissue, such as Brain

i l

v
, — Select Sample —

?‘ VS normal

Select asm/aseg —
Submit /\V Submit
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10SBomw gh f ASMGASEB cancer

High frequency (top100) ASM related gene bettwen cancer and normal in Lung
.

m onlyNormal
® overdap
4 onlyCancer

Gene expression level in normal and
° tumor tissues of different cancers

The distribution of high
- frequency ASM related gene in
all chromosome

High frequency (top100) ASM related gene overlap bettwen cancer and normal in Lung
-

Show 10~ ] entres High frequency AS_MT'élated genes in normal and cancer tissues
Chrom |2 Start End Geneid _ - - . Genename Frequency in cancer Frequency in normal

chr1 3066168 3438621 PRDM16 m ENSG00000142611 0.4828 0.7333

chr1 16687339 18723157 EsPNP | geards ENSG00000268869 0.4310 0.7333

High frequency (top100) ASM related gene only occurs in Lung_cancer

stow|1o -Jenries  High frequency ASM related genes only in cancer tissues arch:

Chrom |2 start End Geneid Genename Frequency

chri 245151985 245709431 m m ENSG00000162849 0.7000
chr10 274190 692668 m m ENSG00000151240 0.6667

High frequency (top100) ASM related gene only occurs in Lung_normal

showl10__ ~Jenvies  Hijgh frequency ASM related genes only in normal tissues arch

Chrom |2 start End Geneid Genename Frequency

chrl 586071 830796 m ENSG00000230021 0.5000
chri 775770 8100860 m ENSG00000237491 0.5000

Il n this part, we show ABMGABEEGri bhet wbal ef
genome with various camcASEGsTheshsbgbwedenqgrt
We di spl ay t hPeS Kl iASSHE @f rbeogtuhe nccayncer and nor ma
tabl e, and those genes aodel ypd aythpvcet her o

tabl es.

11. High frequency allele genes in species

AS we know, t heari@8Mo finalc el &e@eelmt var i ous
spesi Thwe edeandiimé hi ghAS@/eMgUEG cWari ous speci



111 Sel eondi ti on and ASM/ ASEG mode |

¥F ASMdb ' Analysis/ Function ' High frequency allele genes in species

%H  Select Organisms :cies

High frequency allele genes: /‘ Animals or Plants

Organisms: - Select Organisms — o

Eeleg SPGCIGS’ . ;S\ Select Species — =

sucin as riomo_sapiens Select as m/aseg
Mode: —- Select mode — \/

Submit qubmil

112 Showi gh freqcldASEYG ABMated gene

12. Multiple gene meth in cancer

When we want t o -ruenldaetresdt agnedn ea, cwaen cneary b e i
than one gene and hope to observe multiple
provides the function of mul ti gene analy

met hyl avebs of promoter and body region of

21




















































































