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1. Browse

Multi-omics association of Arabidopsis can be viewed on “Browse” page.

1.1 eQTL

Users can browse eQTLs by clicking the cis-eQTL or trans-eQTL and searching the

SNP or Gene of interest. When clicking the Box plot, a Box plot of differential gene

expression caused by variant alleles will be displayed.

1.2 Environment-related eQTL

Display all eQTL-Environment associations. When clicking the Box plot, a Box plot

of differential environmental gradient caused by variant alleles will be displayed.

http://119.3.41.228/dnmivd/Help/
http://119.3.41.228/dnmivd/Help/
http://119.3.41.228/dnmivd/Help/
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1.3 GWAS-related eQTL

Display all associations between eQTL and GWAS loci.

1.4 GWAS

Display all associations between phenotypes of AraPheno and variants.

http://119.3.41.228/dnmivd/Help/
http://119.3.41.228/dnmivd/Help/
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1.5 TWAS

Display all associations between phenotypes and genes. When clicking the “Scatter

plot”, a scatter plot for describing the association between gene expression and

phenotype value will be displayed.

http://119.3.41.228/dnmivd/Help/
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1.6 EWAS

Display all associations between phenotypes and methylations. When clicking the

“Scatter plot” button, a scatter plot for describing the association of methylation level

and phenotype value will be displayed.

1.7 Pathway-mQTL

Display all associations between pathway activities and methylations.
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1.8 Phenotype-pathway

Display all associations between pathway activities and phenotypes.

1.9 emQTL

Display all associations between gene expressions and methylations.



7

2. Search database

1) Users only need to input a gene symbol or gene id. Then all information for the

queried gene in AtMAD will be shown.

2) Users can also search the phenotype of interest. Plant tissues, organs or specific

phenotypes can be input objects, all phenotypes were obtained from AraPheno

database (https://arapheno.1001genomes.org/). Then all information for the

corresponding phenotype in AtMAD will be displayed.

3) Users can also search the pathway of interest. Pathway ID (from AraCyc) or

metabolite can be input objects. Then all information for the corresponding pathway

in AtMAD will be shown.

4) Users can search a genomic region (Position). All variants and methylations in a set

genomic region will be displayed. Considering the speed of our web server to retrieve

the corresponding data, the recommended range is < 100000bp.
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3. Information for variant, gene, methylation, phenotype and pathway

3.1 Variant information

Summary information of searched variants.

Associations of GWAS, cis-eQTL, trans-eQTL, Environment-eQTL are also displayed

3.2 Gene information

Summary information of searched genes.

Associations of Protein-Protein Interaction, Related Mutant, cis-eQTL, trans-eQTL,
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Pathway, GWAS-loci in CDS region, TWAS, Phenotype-CNV and Methylation are

shown in order. All URL links can be clicked to find the source of data.

If users want to view or download the mutant image, please click on the image.

3.3 Phenotype information

Summary information of searched phenotype.
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Manhattan for TWAS, each point can be clicked to view the related gene information.

Manhattan for EWAS, each point can be clicked to view the related methylation

information.

Tables for EWAS, TWAS, GWAS, Phenotype-Pathway and CNV-Gene are also

displayed in order.

3.4 Pathway information

Summary information of searched pathways.
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Pathway-mQTL, Pathway-related phenotype, Pathway-related gene are listed in order.

3.5 Methylation information
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Summary information of searched methylations.

Corresponding information of the emQTL, Pathway-mQTL and EWAS are displayed

in order.

4. Interactive visualization for Multi-omics Associated Networks

In AtMAD, users can build multi-omics association networks for genes, variants,

methylations, pathways and phenotypes of interest. When clicking a ‘Build Network’
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button, a Multi-omics Associated Network with interactive visualization will be

constructed and displayed.

Different data types are represented by different colors or shapes, as illustrated above.

If users are interested in gene/variant/methylation/pathway/phenotype information in

the network, please click to see a detailed summary information.

5. Usage and case study
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Usage:

AtMAD is a public repository for large-scale measurements of genome ×

transcriptome × methylome × pathway × phenotype associations in Arabidopsis,

designed for facilitating identification of eQTL, emQTL, pathway-mQTL,

pathway-phenotype, GWAS, TWAS and EWAS. AtMAD identifies candidate

variants/methylations/genes for specific phenotypes or biological processes, and

provides many associations that are novel identified in exploring biological

mechanisms. All raw data comes from public free databases, including 1001 Genomes,

TAIR, AraPheno, AraGWAS Catalog, AraCyc, AtPID and text mining from PubMed,

etc.

In AtMAD, users can browse, search and download multi-omics associations of

Arabidopsis.

1) Browse: browse module includes “Browse by datatype”, “Browse by Gene”,

“Browse by Variant”. Users can click “Browse” to view all multi-omics associations.

More summary information can be displayed through hyperlinks in each table.
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Browse by datatype

Browse by Gene

Browse by Variant

2) Search: Search module includes four functions, users can query their interested
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information by searching gene, phenotype, pathway or chromosome regions.

First, users need to click the “Search” Page.

Second, select the search content.
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The search module uses intelligent recognition method, users are also allowed to search AtMAD by

inputting vague information, for example users can input “flower” in “phenotype module” to find

flower-related phenotypes.

Then, after click “Search” button, users can query gene, phenotype, pathway or

variant of interest, summary information has been described in the previous section.

3) Download:

Users can download all associations from AtMAD by clicking the hyperlink in “Data

type” column.

Case 1: Search gene “SCPL12”

If users are interested in gene SCPL12 (AT2G22920) which has been reported to be

responsible for the production of saiginols and confer greater UV light tolerance in
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plants, They can input the corresponding gene name on “Search” page.

On summary page, users can view “Protein-Protein Interaction”, “Related Mutant”,

“cis-eQTL”, “trans-eQTL”, “Pathway”, “GWAS-loci in CDS region”, “TWAS” and

“Methylation”.



19

In cis-eQTL table, all top associations (such as chr2_10009736, chr2_9830811,

chr2_9821946...) are found to be associated with “Elevation” when clicking on these

SNPs.

After integrating all the above information, we can draw a conclusion that upstream
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eQTLs of AT2G22920 (SCPL12) are highly connected to elevation of habitats, and

these eQTLs (such as chr2_10009736, chr2_9830811, chr2_9821946 and

chr2-9752742-G-to-T...) are likely to influence the ultraviolet response of individuals

by changing gene expression of SCPL12, and allow individuals to adapt to different

elevations. These eQTLs will provide the potential genetic basis for the research of

UV tolerance in future.

Case 2: Search phenotype “DTF spain 2008 (1st experiment)”

If users are interested in flowering-related phenotype, just input “flower” or “DTF”

(days to flowering) in phenotype module.

“Summary”, “Manhattan for TWAS”, “EWAS”, “TWAS”, “GWAS” and

“Phenotype-Pathway” are displayed in order.
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In TWAS table, four genes are discovered to be associated with “DTF spain 2008 (1st

experiment)”.

A total of four genes (AT2G20440, AT5G10140, AT5G63120 and AT3G10010) are

assigned to DTF spain 2008 (1st experiment), two of them AT5G10140 (FLC,

pearson=0.6213, FDR=0.005) and AT5G63120 (RH30, pearson=-0.5833, FDR=0.023)

have been inferred to be involved in flower development process with experimental

supports.
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The remaining AT2G20440&AT3G10010 are identified as flowering-related genes for

the first time in AtMAD. After clicking gene “AT2G20440”, more summary

information can be retrieved. Most TWAS associations are DTF-related

(flowering-related).

The same is true for AT3G10010. Most TWAS associations are DTF-related

(flowering-related).
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After integrating the above information, we discovered two potential

flowering-related genes (AT2G20440&AT3G10010) that were not reported before, for

their significant correlations with DTF in different TWASs.

The usage of AtMAD is not limited to above two cases, more information (such as

discovering pathway-related methylations, expression-methylation associations and

phenotype-methylation associations) can also be mined in the AtMAD. Compared to

the information at single-omics level, the multi-omics association network can convey

more information for specific phenotype or biomolecule. AtMAD can not only help us

to accurately identify functional biomolecules, but also provide potential genetic

mechanisms for interpreting the functional associations.

6. Contact us

Scientific Problems
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We welcome any suggestions regarding how to improve our database, please feel free

to contact us with feedback. Tieliu Shi: tieliushi@yahoo.com

Technical Problems

If you have any questions about the usage of AtMAD, please contact Jian Ouyang:

ouyangjian12@163.com
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