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1. Introduction 

DNA methylation is an important epigenetic modification that plays a key role in 

cell differentiation (1,2), development (3,4), disease (5,6) and so on. Bisulfite 

sequencing (BS-Seq) is a method for converting nonmethylated cytosines into thymines 

for DNA methylation detection at single-base resolution on the genome scale and has 

substantially improved the study of DNA methylation (7). 

It is known that allele-specific DNA methylation (ASM) is the main cause of 

imprinting, different methylation patterns in alleles can lead to different phenotypes 

even different therapeutic and drug responses to diseases. Moreover, it has been 

reported that ASM is increased in partial cancers, such as, lymphoma, Myeloma (8) and 

ASM can serve as a kind of effective tumor marker and plays important roles in the 

development of seeds and seedlings (9-12). 

Therefore, we collected 5,998 Gene Expression Omnibus (GEO) (13) samples 

(including 4,400 BS-Seq data and 1,598 RNA-Seq data) from 47 species, such as Homo 

sapiens, Mus musculus, and performed DNA methylation, ASM and allele-specific 

expressed gene (ASEG) analyses of the corresponding samples. Using the results from 

these analyses, we constructed a well-resourced, comprehensive and powerful database 

(ASMdb) that not only contains DNA methylation and ASM results from multiple 

species but also provides ASEG results from the corresponding RNA-Seq datasets. 

The database was organized using MySQL (version 5.7.26), and the web interface 

was developed using HTML with JavaScript. The ‘Meth Browser’ module was 

constructed with JBrowse (release 1.16.6) (14), which shows single base DNA 

methylation, ASM and allows exploration of methylation patterns. The database has a 

user-friendly web interface to facilitate searching, browsing and downloading the DNA 

methylation data. 



2 

 

 
Procedure used for construction of ASMdb. We used BatMeth2 to map BS-Seq 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 RNA-Seq data mapping, and genes showing allele-

specific 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. 
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2.1 Module introduction 

 

In this database, there are mainly 16 modules, and the links of each module are 

provided in the home page. Here, we briefly introduce the main content of each 

module, and how to use it in more detail in the following chapters. 

Module 1 (Allele-specific DNA methylation): This module displays the allele-

specific DNA methylation regions of specific stages or tissues in the species of 

interest. 

Module 2 (Meth Browser): This module is mainly showing the tracks of the 

data that users are interested in, which is convenient for users to browse the details 

of each data. 

Module 3 (Sample DNA methylation profile): The DNA methylation profile 

of the species of interest is shown in the form of pictures (histogram and line chart) 

and tables. 

Module 4 (Gene meth profile across samples): This module displays the DNA 

methylation level of a specific gene in a species in the form of pictures (histogram 

and line chart) and tables. 
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Module 5 (Allele-specific expressed gene): This module reveals the allele-

specific expressed genes of a specific stage or tissue in the species of interest. 

Module 6 (Gene meth profile in cancer): In humans, we compared the 

methylation levels of interesting gene between cancer and normal tissues. 

Module 7 (Differentially methylated genes in cancer): We obtained the 

differentially methylated genes in various cancer, and showed the gene list in the 

page. What’s more, you can observe the methylation level with boxplot and the 

expression level with histogram according to corresponding gene links. 

Module 8 (High frequency allele genes in cancer): We showed the high 

frequency ASM related genes (ASMG) /ASEG in various cancer. 

Module 9 (High frequency allele genes in species): We showed the high 

frequency ASMG /ASEG in human, mouse, arabidopsis etc. 

Module 10 (Multiple gene meth in cancer): We show the methylation 

differences of different genes in cancer. 

Module 11 (CpG islands detection): Detection of CpG islands on DNA 

sequence. 

Module 12 (ASMdb API): You can embed the methylation level of a gene in 

other web pages or quickly check the methylation level of a gene. And we also 

show the boxplot of DNA methylation level of gene and promoter in a specific 

cancer and normal tissue. 

Module 13 (Datasets): Information of the data used in this database. 

Module 14 (Tools): The toolkits for DNA methylation developed by our 

laboratory which used in ASMdb. BatMeth2: A one-step toolkit for analysis BS-Seq 

data. MethHaplo：a new method which can identify DNA methylation haplotype 

regions with allele-specific DNA methylation and single nucleotide polymorphisms 

(SNPs) from whole-genome bisulfite sequencing (WGBS) data. 

Module 15 (Download): Download the results of DNA methylation data and 

corresponding RNA-Seq data. 

Module 16 (Help): This module mainly includes the overall introduction of the 
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database and frequently asked questions. 

Module 17 (About Us): The information of Guoliang Li’s lab. 

2.2 An example of using genome browser 

 

In this part, we showed the HOXA5 gene of differentially methylated between normal 

and tumor lung tissues as an example (15). The DNA methylation of HOXA5 gene may 

result in the loss of its expression, and since the encoded protein up regulates the tumor 

suppressor p53, this protein may play an important role in tumor genesis. 

2.3 Statistics of ASMdb Datasets 

2.3.1 Statistics of methylation data 

In recent years, a large amount of DNA methylation data has been released. To 

look directly at the number of DNA methylation data generated each year. We have 

counted the number of DNA methylation data in each year, and classified them by 

species. 
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①: When the mouse hovers at ‘the year’, the pie chart will automatically display 

the number of DNA methylation data released in this year, and classify them according 

to species. 

②: When you click button in front of the species name, the color of the button will 

change to grey, and the selected species will be hidden in the pie chart. 
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2.3.2 The number of methylation data in different species 

 

①: Select the name of any species in the red box, you can get a pie chart to show 

the number of methylation data in different tissues of the species, such as Homo sapiens, 

Mus musculus and Arabidopsis thaliana. 

②: Click the button in front of tissues, the color of the button will change to grey, 

and the selected tissues will be hidden in the pie chart. 

③: Click the "data view" button to view the original data of the pie chart, that is, 

the specific number of methylation data contained in each tissue. 

④: When you click "close" or "refresh", you can go back to the image interface 

from "data view". 

⑤: Download the picture. 

3. Allele-specific DNA methylation 

Parental alleles in haploids might exhibit different methylation patterns, which can 

lead different phenotypes and even different therapeutic and drug responses to 

disease(12,16-18). The number of allele-specific DNA methylation regions detected in 
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cancers is increased, such as, lymphoma, Myeloma (8). Moreover, related studies have 

revealed that ASM can be used as an effective tumor marker (10). Therefore, we used 

MethHaplo to identify allele-specific DNA methylation region and perform some 

important ASM analysis in cancer. 

3.1 Select BS-Seq data 

 

3.2 Show the allele-specific DNA methylation 

We show the distribution of allele specific DNA methylation regions on each 

chromosome, and list the allele specific DNA methylation regions in the form of table. 

We believe that CpG island is an important functional element for DNA methylation, 

so we also show the frequency distribution of CpG island and the region of ASM and 

CpG island overlap. 
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4. Methylation Browser 

In Methylation Browser module, we provide JBrowse to better visualize the DNA 

methylation level, gene expression level, single nucleotide polymorphism (SNP), ASM, 

DNA methylation state and so on. You can choose the information you are interested in 

to display. 

4.1 Select the species and tissue or stage 

On this page, we exhibit the 47 species according to different categories. 
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4.2 Select and remove tracks 

After selecting the species and tissue, you can get the interface to select the track 

of the sample of interest. 
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In the upper left corner of the page, when you click the "select tracks" button, you 

can get an interface to select tracks. The specific usage is as follows: 

①: We classify all data according to different characteristics, such as library 

strategy, organization and so on, where you can choose the categories that you are 

interested in. 

②: You can input keywords to search the data you are interested in. 

③: Remove the “①” and “②” of your choice. 

④: Return to the browser interface. 

⑤: Remove the selected tracks. 

4.3 Show your tracks 

 

4.4 Show the track of local file 

If you want to compare the data in ASMdb with your local data, or you want to 

display the local data in browser, you can upload the local data and display it in browser. 
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5. Sample DNA methylation profile 

By analyzing DNA methylation data, we have gotten the average methylation level 

of each sample. In this module, you can view the average methylation level of the 

species of interest, and you can also compare the DNA methylation levels among 

different tissues or stages within the same species. 



13 

 

 

After selecting "organisms" and "species" respectively, the page will jump to the 

average DNA methylation level of each sample in the species, and display it in the form 

of histogram and table. The display form can be modified in the page, and this picture 

can also be downloaded. 

①: Select DNA methylation types (mC, mCG, mCHG, mCHH), and the selected 

types will be hidden in the histogram or line chart. 

②: You can slide or drag the extension slider, then the selected sample will change 

accordingly. 

6. Gene methylation profile across samples 

By analyzing the DNA methylation data, we obtained the DNA methylation levels 

of the gene body and promoter in each sample. In this module, you can view the average 

methylation levels of gene body and promoter in different species. We display this 

information in the form of tables or pictures. 



14 

 

6.1 Input gene id 

 

6.2 Select and remove tracks 
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7. Allele-specific expressed genes 

Allele specific expressed genes can cause different phenotypes of individuals and 

are associated with diseases and other important biological functions (19,20). We 

identified SNP information through the corresponding DNA methylation data, and then 

identified allele specific expressed gene through SNP information and RNA-Seq data. 

7.1 Select RNA-Seq sample 

 

When displaying allele-specific expression of corresponding RNA-Seq data, 

species and tissues need to be selected. In order to better help users select accurate data, 

when users select each RNA-Seq data, the details of corresponding RNA-Seq data will 

be displayed on the right. 
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7.2 Show the allele-specific expressed genes 

We show the density distribution of allele-specific expressed genes (ASEGs) on 

chromosomes in the form of heat map. In addition, we show the ASM sites with overlap 

with ASEG in the form of table, and provide the download buttons of table and heat 

map to facilitate users to do their own interested analysis. 

 

8. Gene methylation profile in cancer 

Nowadays, curing cancer and other diseases is of great significance to humans. 

And DNA methylation, an important epigenetic modification, has great potential as a 

tumor marker (21). Therefore, this database is dedicated to the comparison of human 

DNA methylation data (including cancer and normal tissues). 

Here, we will compare DNA methylation levels between various diseases 

(including cancer, Alzheimer, etc.) samples and corresponding normal tissues. 
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8.1 Select the cancer of interest and input the gene id 

 

8.2 Show the gene methylation level in tumor and normal 

 

8.3 Show the gene methylation level in different stages 
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9. Differentially methylated genes in cancer 

As far as we know, compared with normal tissues, cancer tissues generally have 

abnormal methylation levels. Therefore, in this database, we compared the methylation 

levels of genes in normal and cancer tissues, and obtained differentially methylated 

genes in different types of cancers. 

9.1 Select condition and parameter 

 

If you want to observe that the differential methylation level of genes in cancer or 

disease, this module will be very helpful to you. Firstly, you should select the type of 

cancer or disease, then you should select the P-value that obtained by rank sum test (22). 

What’s more, you need to set the threshold of differential DNA methylation level. 

9.2 Show differentially methylated genes 

Here is the result page of differentially methylated genes in brain cancer. 
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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 causes of imprinted genes, altered 

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

At the same time, the allele-specific expression is essential for the occurrence of 

diseases and the treatment of cancer. Therefore, we counted the high frequency ASMG 

/ASEG in cancer. 

10.1 Select condition and ASM/ASEG mode in cancer 
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10.2 Show high frequency ASMG/ASEG in cancer 

 

In this part, we show the distribution of high frequency ASMG/ASEG in the whole 

genome with various cancers. The high frequency ASMG/ASEG list is showed in table. 

We display the high frequency ASMG/ASEG in both cancer and normal tissues in one 

table, and those genes only in cancer or only in normal are displayed in the other two 

tables. 

11.  High frequency allele genes in species 

AS we know, the ASM and ASEG are important functional elements in various 

species. Therefore, we counted the high frequency ASMG/ASEG in various species. 
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11.1 Select condition and ASM/ASEG mode in species 

 

11.2 Show high frequency ASMG/ASEG related gene in species 

 

12.  Multiple gene meth in cancer 

When we want to understand a cancer-related gene, we may be interested in more 

than one gene and hope to observe multiple genes at the same time. Therefore, ASMdb 

provides the function of multi gene analysis. Multiple genes can be input and the 

methylation levels of promoter and body region of these genes can be displayed. 
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12.1 Select tissue and input gene list 

 

Firstly, the user needs to select tissue and condition, and then input or upload the 

gene list file of interest to the user. After clicking submit button, the user can obtain the 

DNA methylation level of these genes. The number of uploaded genes shall not exceed 

30.  

12.2 Show the methylation level of multiple genes 

 

The DNA methylation level of each gene is shown in the form of heat map. Gray 

indicates the methylation level of the gene is not detected, or the methylation level of 

the gene is 0. T in x-axis represents tumor sample, N represents normal sample. 
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In this part, we show echo gene of interest to users in the form of boxplot. 

13. CpG islands detection 

CpG islands is an important functional element, and DNA methylation in CpG 

islands usually has a critical impact on gene expression, so we provide the function of 

CpG islands detection. 
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Follow the setp1 to setp3, the region of CpG islands were identified. 

14.  ASMdb API 

In many cases, researchers eager to check the DNA methylation level of a specific 

gene. We provide this function in this module. You only need to provide the species 

name and gene id to quickly display the methylation level of the gene (part1). What’s 

more, if you just want the figure which can nest into other website, we also provide this 

function (part2). 

If you want to quickly compare the methylation levels of genes in normal and 

cancer tissues, you only need to provide the tissue (such as Blood, Brain and so on), 

cancer or disease (such as ALL, cancer and so on), gene id (such as HOXA5 and CTCF 

and so on). The list of tissue and disease that you can select are showed (part 3). 

 

 

Here is the usage of these three API: 

Part1 

The API needs two parameters: 

Species: Homo sapiens or others. 

Gene name: CTCF, TP53 or others. 

Example: 
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https://www.dna-asmdb.com/MethAelle/genemrAPI/?myorg=Homo_sapiens&geneid=CTCF 

https://www.dna-asmdb.com/MethAelle/genemrAPI/?myorg=Homo_sapiens&geneid=TP53 

Part2 

The parameters required for this part are the same as those in Part1. 

Example: 

https://www.dna-asmdb.com/MethAelle/genemrplotAPI/?myorg=Homo_sapiens&geneid=CTCF 

https://www.dna-asmdb.com/MethAelle/genemrplotAPI/?myorg=Homo_sapiens&geneid=TP53 

Part3 

The API needs two parameters: 

Tissue: Lung, Brain or others 

Disease type: Cancer, ALL or others 

Gene id: HOX5A, TP53 or others 

Example: 

https://www.dna-asmdb.com/MethAelle/dmgenemrboxplot/?mytissue=Lung&mysample

1=cancer&geneid=HOXA5 

https://www.dna-asmdb.com/MethAelle/dmgenemrboxplot/?mytissue=Brain&m

ysample1=cancer&geneid=TP53 

15.  All datasets in this database 

We have provided all the data information collected in this database, and presented 

them in the form of table for more users to refer to. 

https://www.dna-asmdb.com/MethAelle/genemrAPI/?myorg=Homo_sapiens&geneid=CTCF
https://www.dna-asmdb.com/MethAelle/genemrAPI/?myorg=Homo_sapiens&geneid=TP53
https://www.dna-asmdb.com/MethAelle/genemrplotAPI/?myorg=Homo_sapiens&geneid=CTCF
https://www.dna-asmdb.com/MethAelle/genemrplotAPI/?myorg=Homo_sapiens&geneid=TP53
https://www.dna-asmdb.com/MethAelle/dmgenemrboxplot/?mytissue=Lung&mysample1=cancer&geneid=HOXA5
https://www.dna-asmdb.com/MethAelle/dmgenemrboxplot/?mytissue=Lung&mysample1=cancer&geneid=HOXA5
https://www.dna-asmdb.com/MethAelle/dmgenemrboxplot/?mytissue=Brain&mysample1=cancer&geneid=TP53
https://www.dna-asmdb.com/MethAelle/dmgenemrboxplot/?mytissue=Brain&mysample1=cancer&geneid=TP53
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15.1 Select species of datasets 

 

15.2 Show the datasets 

 

16.  Download the analysis result 

We provide the download link of the data analysis results, and the downloadable 

contents mainly include Allele-Specific DNA methylation, Allele-Specific expression 

gene, BS-Seq methylation level results, BS-Seq SNP, RNA-Seq results. 
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17.  Comprehensive application 

17.1 Example 1 

It has been reported that the KCNQ1 is a gene related to liver cancer and is allele-

specific in some tissues. So, we take this gene as an example to introduce the application 

of ASMdb. Cause this gene is related to liver cancer (23), we naturally think about 

whether there is a differentially methylated gene between the cancer and normal tissue. 

Therefore, we use the function of differentially methylated genes in cancer to check the 

genes. The use process is as follows. 
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We firstly enter the selection interface of the module, and select the tissue and 

condition. In order to get a more comprehensive list of differential genes, we have 

selected a P-value of 0.01, and 0.1 as the differentially methylated level parameter. After 

clicking the button of submit, we can obtain a list of differentially methylated genes 

related to liver cancer, then use the search function to find the KCNQ1 gene. 

 

We found that the KCNQ1 gene is in the list of differential genes with P-value 

0.0002 and meth.diff -0.2, and we can get the boxplot of the KCNQ1 gene by clicking 
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the link of differentially methylated level. 

 

From this boxplot, we can observe that the methylation level of the gene body in 

cancer is lower than the methylation level in normal. And in the promoter region, the 

methylation level in cancer is higher than the DNA methylation level in normal. 

Then we want to observe the detail information of KCNQ1 gene, we use the 

function of gene meth profile in cancer. 
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In this interface, except the gene information and the boxplot of methylation level, 

we can also view the methylation level of each sample related to the liver cancer, and 

display it in the form of a histogram in the figure below. 
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From the histogram, we can get the same result. In CG-type methylation, the 

average methylation level of normal is lower than that of cancer in promoter. 

The KCNQ1 is allele-specific gene in some tissues (24). In this database, we 

obtained the results of ASM analysis and counted high-frequency ASM-related genes. 

Through the following steps, we can get the high-frequency related genes of ASM. 
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We found that in cancer and normal tissues, KCNQ1 is a gene related to high-

frequency ASM. Since then, we were more concerned about whether the KCNQ1 gene 

is a high-frequency ASM-related gene in the human species. Therefore, we use the 

function of high frequency allele genes in species to view this gene. 

 

We usually use screenshots to show our data and use examples to further confirm 

the results we have obtained. In the ASMdb, we also display the methylation level of 

each sample and the ASM region obtained by analysis on the genome browser. It can 

be obtained through the following steps. 
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We first select the species and select the corresponding samples to obtain the track 

of each sample. Next, we can use the Edit config button to modify the configuration of 

each track (for example: color, height). Finally, the browser will display the selected 

tracks. For more details of Jbrowse, please refer to (https://jbrowse.org/jbrowse1.html). 
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Through the display of track, we can clearly observe that the DNA methylation 

level of the promoter in normal liver tissue is lower than that of cancer about KCNQ1 

gene. At the same time, we detected ASM in cancer tissues, but not in normal tissues in 

the promoter of KCNQ1. Therefore, we speculate that the occurrence of liver cancer 

may be related to the regulation of ASM. 

17.2 Example 2 

Lung cancer is a cancer with relatively high morbidity and mortality. Finding the 

mark genes related to lung cancer will have an immeasurable effect on the treatment 

and screening of lung cancer. In this database, the differentially methylated genes of 

various cancers and normal tissues have been detected. We first look at the differential 

genes in lung cancer based on the Differential genes in cancer function, and the 

operation is as follows. 
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Our main goal is to look at differentially methylated genes in cancer. After 

selecting tissues and conditions, the P-value and methylation difference level were set 

to 0.01 and 0.1 respectively as the threshold values, and the differentially methylated 

genes under this condition could be obtained. 
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The records could be sorted according to the differences of DNA methylation level, 

and we think that DNA methylation plays a more important function in the promoter. 

Therefore, we chose the gene with the largest difference in promoter (HIST1H3C) to 

explore. Observing the methylation level of HIST1H3C gene in normal and lung cancer 

tissues, it is found that the methylation level of CG type is quite different regardless of 

whether it is in the promoter or the gene body. We want to see more detailed information 

in the lung tissue, which can be obtained according to the Gene meth profile in cancer 

function. The operation process is as follows. 
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First, we select lung tissue, and the selection of condition is cancer, and enter our 

target gene (HIST1H3C). 

 

We can not only obtain the position information of the gene and the boxplot of the 

DNA methylation level of the gene body and promoter, but also see the overall 

methylation level in the samples related to lung cancer. 
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From this figure, we can see a similar conclusion. In the HIST1H3C gene, the 

DNA methylation level in lung cancer is generally higher than that in normal. 

We want to use screenshots to further show the difference between normal tissues 

and cancer tissues in lung cancer. Use the Meth Browser function of the ASMdb for 

displaying. 
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Through the tracks, we can clearly see that the DNA methylation level is quite 

different in the body region and promoter of the HIST1H3C gene. In previous reports, 

there are many researches verified that this gene has a higher level of methylation in 

cancer (25). 

17.3 Example of cancer 

In this part, we show several examples of cancer. 
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17.4 Example of mutant 

As far as we know, there are some methyltransferases that affect the level of DNA 

methylation. For example, met1 and ddm1 in plants will affect CG-type DNA 

methylation, and cmt1 and cmt3 methyltransferase will affect the CHH-type 

methylation level. These data are also collected in this database. We use arabidopsis as 

an example to show these results in a screenshot. 
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18. Help 

“Help” module consists of three parts. We will introduce these three parts one by 

one. 

 

18.1 Project overview 

In order to have a clearer understanding of the composition of the database, 

ASMdb displays the basic information and the reference genome of the database here. 
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18.2 Example usage 

In order for everyone to use the database more conveniently, we show some 

examples. 
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18.3 FAQ 

We have sorted out some possible problems that may be encountered. If you have 

more problems to discuss during use, please contact us. 
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19.  About us 

If you want to know more about our work and lab information, please read this 

section. 

19.1 News 

The latest development of this database. 

19.2 Contact us 

If you have anything you want to discuss with us, please contact us. 
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19.3 Suggestion/Feedback 

If you have DNA methylation data or the corresponding RNA-Seq you want to 

upload to our database, please submit the corresponding data and let us know. 

 

19.4 Cite us 

If you use the toolkit or database developed by our team, please cite our article. 

BatMeth2: Zhou Q, Lim J-Q, Sung W-K, Li G: An integrated package for bisulfite 

DNA methylation data analysis with Indel-sensitive mapping. BMC Bioinformatics 

2019, 20:47. Ref. PDF. 

MethHaplo: Zhou, Q., Wang, Z., Li, J. et al. MethHaplo: combining allele-

specific DNA methylation and SNPs for haplotype region identification. BMC 

Bioinformatics 21, 451 (2020). Ref. PDF. 

19.5 Our lab 

If you want to know more information about our team, please refer to our lab 

website http://www.guolianglab.org/index.php. 

https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-018-2593-4
https://bmcbioinformatics.biomedcentral.com/track/pdf/10.1186/s12859-018-2593-4.pdf
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-020-03798-7
https://bmcbioinformatics.biomedcentral.com/track/pdf/10.1186/s12859-020-03798-7.pdf
http://www.guolianglab.org/index.php
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Contact 

Principal Investigator: 

Prof.Guoliang Li: guoliang.li@mail.hzau.edu.cn 

College of Informatics 

Huazhong Agricultural University, Wuhan 430070, China 

Webmaster and Database Administrator: 

Qiangwei Zhou: qwzhou@mail.hzau.edu.cn 

Pengpeng Guan: guanpengpeng@webmail.hzau.edu.cn 

Zhixian Zhu: zxzhu@webmail.hzau.edu.cn 

 

Welcome to visit ASMdb! 

https://www.dna-asmdb.com/ 

mailto:guoliang.li@mail.hzau.edu.cn
mailto:qwzhou@mail.hzau.edu.cn
mailto:guanpengpeng@webmail.hzau.edu.cn
mailto:zxzhu@webmail.hzau.edu.cn
https://www.dna-asmdb.com/
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