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1. Introduction 

Being one rising stars of “omics” family, lipidomic analyses generate hundreds of 

thousands of datasets that waiting for in-depth interpretation and data mining. We 

introduce an interactive web-based tool, LINT-web, to meet the increasing demand of 

lipidomic data analysis. The LINT-web built on an interactive interface that provides 

biological and clinical scientists a toolbox to deal with common lipidomic analysis. The 

web-based tool offers all the users an integrative lipidomic analysis approach that 

interpret lipid ontology based on a multi-omic integration associated data mining. 

The LINT-web consists of two aspects: (1) Single Omic Dataset Analysis, and (2) 

Multiomic Dataset Analysis. The Single Omic Dataset Analysis mostly processes the 

common statistical analyses on lipidomic dataset including lipid differential analysis, 

multivariate comparison, dimensionality reduction, lipid class summarization, and 

lipid ontology analysis (based on LION/web, www.lipidontology.com). The Single 

Omic Dataset Analysis also integrate basic statistical analyses for metabolomic, 

transcriptomic, and proteomic datasets. The Multiomic Dataset Analysis also named 

Intra-omic Dataset Analysis mostly connect two omic datasets to create correlation 

network. The data mining of such intra-omic correlation network would provide users 

a broader ontological view of lipidomic results. 
 

2. Single Omic Dataset Analysis 

The Single Omic Dataset Analysis aspect consist statistical processing functions 

for lipidomics, metabolomics, transcriptomics and proteomics data analyses. Users can 

click the “Single Omic Dataset Analysis” tab to access and upload your data files and 

description files. Users can select the data type of aimed “omics” dataset. In addition, 

the website provides multiple dataset examples to download and demonstration process 

on the “Try example data” table (Figure 1). 



 
Figure 1 Single omic dataset analysis uploading page 

 

2.1. Lipidomic Analysis 

2.1.1 Data Preparation and Upload 

LINT-web can deal with main stream lipidomic profiling datasets, the users should 

firstly convert the lipidomic result table to comma separated value (csv) file; Two files 

are needed: one contains all the lipid names and their intensities (data file), and another 

contains all the group factors (description file).  
 



 
Figure 2. Example of two LINT acceptable lipidomic data files. LINT-web only takes “LipidIon” or 
“Metabolite name” as legal name for lipidomic data file, and it just targets to the lipidome identified 
by LipidSearch (Thermo Fisher Scientific) and MS-DIAL 
(http://prime.psc.riken.jp/compms/msdial/main.html) for now. More lipid identification software 
will be supported soon in the future.  
 

 
Figure 3. Example of description file. The description file indicating group factors of data file should 
be separately uploaded. It pointed out all the sample names to their experimental conditions. 
 

LINT-web also allows users to omit the odd acyl-chain lipids. Users can check the 

“Odd acyl-chain clearance” under analysis option.(Figure 1) 



2.1.2 Data Processing 

Once the data are uploaded, users can click the “Continue” button and access the 

data processing interface (Figure 4). 
 

 
Figure 4. Data processing interface 

 
1) Comparison Groups Setting 

Users can set the control group and experimental group(s). Only one control group 

can be selected, but multiple experimental groups can process. It should be noticed that 

two group comparison is statistically different to the multiple group comparison. 

 

2) Missing Value Handling 

Users can deal with the missing value through lipidomic dataset. Typing a numeric 

value in the “missing value percent to delete” and lipid hits with missing values 

percentage lager than the value will be omitted. The rest of the missing values would 

be refilled with a small value (half of the smallest value through the whole dataset). 
 
3) Normalization Options 

LINT-web provides three normalization options commonly used in lipidomic data 
processing. Option A is sample normalization by median, data log transformation and 
autoscaling. Option B is sample probabilistic quotient normalization (PQN) and 
autoscaling. Option C is data autoscaling merely. Users can choose the normalization 
options according to concrete data situations.  



2.1.3 Statistical Analysis and Ontology 

LINT-web organizes several modules to perform statistical analyses of lipidomics. 

Users can click each tab and view the plots and download the results (Figure 5). Some 

modules offer an interactive interface that users can change the settings and update the 

plots or results by click the “Update” button. 

 
Figure 5. Results of statistical analyses 

 
1) Dimensionality Reduction Analyses 

Dimensionality reduction usually helps users to pick out the mostly different 

features in the lipidomic dataset. Users can access the “Dimensionality Reduction 

Analyses” interface to process principal component analysis (PCA) or orthogonal 

partial least squares discriminant analysis (OPLS-DA).  

 



Figure 6. Dimensionality reduction results. The PDF format plots can be downloaded by 
clicking the “download” button. 

 
2) Volcano Plot 

When users only select one control group and one experimental group, the volcano 

plot is available. Users click the “Volcano” tab can find out the plot and a few 

parameters can be adjusted (Figure 7). The “Show lipid class” can plot the volcano plot 

using the summarized lipid classes information. The “Ignore subclass” will overlook 

the lipid chemical bond linkage information on the volcano plot.  

 
Figure 7. LINT-web let users to set the fold change and p-Value threshold to screen off the non-
significantly altered lipids. In addition, the users can set the top lipids to show their names on the 
plot. All the pdf plots can be downloaded on the same web page. 

 
3) Heatmap 

The heatmap can usually provide users an impression of lipidomic dataset. Users can 

access the heatmap on the “Heatmap” tab (Figure 8).  



  

Figure 8. Users can set the number to only show the top hits on the heatmap. All the plots can be 
downloaded on the same web page. 
 
4) Lipid Class Statistics 

Users can access the lipid class summarized information through the “Lipid Class 

Statistics” tab (Figure 9). The “Ignore subclass” will overlook the lipid chemical bond 

linkage information while processing the lipid class summary. The summarization of 

lipid class has three different plots: box-whisker plots (Figure 10), cumulative 

histograms (Figure 11) and heatmaps (Figure 12).  

  
Figure 9 “Lipid Class Statistics” tab overview 



 

Figure 10. Box-whisker plots 

 
Figure 11. Cumulative histograms 



 

Figure 12. Heatmap 
5) Lipid Fatty Acid Statistics 
LINT-web provides a way to classify all lipids based on their linked acyl-chain differences (i.e., the 
attached fatty acids). Users can access three types of plot on the “Lipid Fatty acid statistics” tab 
(Figure 13); (a) grid plot (Figure 14) which illustrates the fatty acid chain length and numbers of 
double bond on a grid, (b) heatmap (Figure 15) can present the mostly altered lipid with a certain 
acyl-chain, and (c) box-whisker plot (Figure 16) indicates the lipid with certain acyl-chain altering 
in different groups.  
 

 

Figure 13. “Lipid Fatty acid statistics” tab overview. Users can set two summarization 
manner which the “FA_info” only consider the lipids with clear acyl-chain information, but the 

“all_info” consider all lipids including those with ambiguous acyl-chain information. All the plots 
can be downloaded on the same web page. 



 
Figure 14. Grid plot 

 



Figure 15. Heatmap 

 

Figure 16. Box-whisker plot 
 
6) LION enrichment 

The LINT-web support lipidomic ontology analysis (Figure 17) using a published database, 
LION/web (www.lipidontology.com). Although we aim to interpret the lipid ontology using an 
intra-omic approach, the LION/web database can supplement the shortage when analyzing only 

lipidomic dataset.  



 

  

Figure 17. The LINT-web offers “target_list” and “ranking” mode to process such lipid 



enrichment analysis, which more detail information can be found on the lipidontology.com 
website. Plots of lipid enrichment results can be downloaded on the same web page. 

 
 

2.2 Transcriptomic Analyses 

 
LINT-web provides the modules to analyze two types of transcriptomic datasets that users can either 
upload RNA-seq results or microarray results as they need to (Figure 18). 
 

 
Figure 18. Transcriptomic analyses data uploading interface 

 

2.2.1 Data Preparation and Upload 

 
Users should firstly convert the transcriptomic result table to comma separated value (csv) file 
or tab separated value (tsv) file; (Figure 19). 

 
Figure 19. Example of LINT acceptable transcriptomic data files. One contains all the gene names 

and their expressions (data file), and another contains all the group factors (description file). If 



users can provide “batch” information in the description file, LINT-web will align the samples and 
eliminate the batch effect of RNA sequencing automatically. 

 

2.2.2 Data Processing 

 
LINT-web can only compare two transcriptomic group at one that users can only select only one 
control group and one experimental group at the same time (Figure 20).  
 

 
Figure 20. Data processing interface 

2.2.3 Gene Differential Expression and Enrichment Analysis 

 
The transcriptomic data analyses are similar to the former lipidomic data processing (Figure 21). 
 

 
Figure 21. Results of statistical analyses 

 
1) Gene differential expression 
The gene differential expression table can be accessed at “Differential Expression” tab (Figure 
22), and users can download the csv format table on the same web page. 
 



 

Figure 22. Gene differential expression results 
 

2) Data Variability 
The data variability of transcriptomic results is evaluated by PCA score plot and heatmap (Figure 
23). All the plots can be downloaded on the same web page. 

 



 

Figure 23. Data variability results 
 
3) Volcano Plot 
Using a volcano plot, users can readily figure out the most altered gene expression. Accessing the 
“Volcano Plot” tab(Figure 24).  
 



 

Figure 24. Users can set the fold change threshold and p-value threshold to change the 
screen off hits on the volcano plot. Also, users can justify the numbers of top hits shown on 

the volcano plots. All the plots can be downloaded on the same web page. 
 
4) Heatmap 
A heatmap that only plot the top altered gene hits can be found at “Heatmap” tab (Figure 25). 
 



 
Figure 25. Users can also customize the number of top hits shown on the heatmap. All the 

plots can be downloaded on the same web page as PDF format. 
 

5) GO Enrichment analysis 
LINT-web integrates GO enrichment analysis (http://geneontology.org/docs/go-enrichment-
analysis/) to perform gene ontology analysis. Users can analyze the gene expression enrichment at 
“GO enrichment” tab (Figure 26).  
 



 

Figure 26. LINT-web can support Mus musculus and Homo sapiens gene analysis, more 
species are coming soon. The website supports two types of gene names “ENSEMBL” and 
“SYMBOL” to process the enrichment, and screen off the non-significantly changed genes 

using fold change or p-Value. All the plots including upregulated and downregulated gene 
expression enrichment results can be downloaded on the same web page as PDF format. 

 

2.3 Metabolomic Analyses 

LINT-web allows users to analyze only metabolomic dataset at “Metabolomics” tab. 
 



2.3.1 Data Preparation and Upload 

Similar to the lipidomic analyses (1.1.1 section), users can upload their metabolomic datasets in 
“Data file” and “Description file”. Examples of metabolomic data can be downloaded on the same 
web page. 
 

2.3.2 Data Processing 

This section is similar to the lipidomic analyses (1.1.2 section). 
 

2.3.3 Statistical Analysis and Ontology 

Similar to the lipidomic analyses, the metabolomic statistical analysis and ontology also consist of 
a few modules (Figure 27). 

 

Figure 27. Results of statistical analyses 
1) Dimensionality Reduction Analyses 
Users can refer to the section 1.1.3. 
 
2) Volcano Plot 
Users can refer to the section 1.1.3. While metabolites are not classified as lipid classes, users no 
need to consider the metabolite classes (Figure 28). 
 

 



 
Figure 28.Volcano plot results 

 
3) Heatmap 
Users can refer to the section 1.1.3. 
 
4) Metabolite Enrichment Analysis 
LINT-web provides users to enrich metabolite pathway using MSEA (doi: 10.1093/nar/gkq329) 
algorithms. Users can access the interface through “Enrichment” tab (Figure 29).  



 

Figure 29. Metabolites with certain fold change and p-Value can be selected for the 
enrichment processing. All the plots including upregulated and downregulated metabolite 

enrichment results can be downloaded on the same web page as PDF format. 
 

2.4 Proteomic Analyses 

LINT-web allows users to analyze only proteomic dataset at “Proteomic” tab. 
 

2.4.1 Data Preparation and Upload 

Similar to the lipidomic analyses (1.1.1 section), users can upload their proteomic datasets in 
“Data file” and “Description file”. Examples of proteomic data can be downloaded on the same 
web page. 
 



2.4.2 Data Processing 

This section is similar to the lipidomic analyses (1.1.2 section). 
 

2.4.3 Statistical Analysis and Ontology 

Similar to the lipidomic analyses, the proteomic statistical analysis and ontology also consist of a 
few modules (Figure 30). 

 

Figure 30. Results of statistical analyses 
 

1) Dimensionality Reduction Analyses 
Users can refer to the section 1.1.3. 
 
2) Volcano Plot 
Users can refer to the section 1.1.3. While proteins are not classified as lipid classes, users no need 
to consider their classes (Figure 31). 
 

 

 
Figure 31. Volcano plot results 

 



3) Heatmap 
Users can refer to the section 1.1.3. 
 
4) GO Enrichment analysis 
Users can refer to the section 2.2.3 “GO Enrichment analysis” part. 

 

3. Multiomics Integrative Analysis 

 
The philosophy of using multiomic integration approach to data mining the lipidomic dataset and 
reveal lipid ontology is discussed in our manuscript. Such multiomic integrative analysis requires 
users to upload two omic datasets that come from a same sample, i.e., the intra-omic integrative 
analysis. Users can access the “Intra-omic Dataset Analysis” through the tab and upload two 
types of omic datasets (Figure 32). Examples of each omic datasets can be found on the same web 
page (“Try example data”). Users can also refer to the former sections to find out the “data file” 
and “description file” format requirements of each omic dataset. 
 

 
Figure 32. Multiomics integrative analysis uploading page 

 

3.1 Data Preparation and Upload 

Similar to the “Single Omic Dataset Analysis” (Section 1), the users can click “Continue” button 
once the “data file” and “description file” are well prepared as instructions. 
 
1) Missing value refilling and normalization 
LINT-web will refill the missing values of lipidomics/metabolomics/proteomics data and processing 
the imputation. Half value of the smallest number of the whole file will be refilled if the missing 
value numbers is less than a certain percentage (set by the users). Normalization options are 



described in section 2.1.2. 
 
2) Clustering Options 
LINT-web provides four types of clustering algorithms to cluster the interacted feature sets. 
(Figure 33-35)  
 

 
Figure 33. The basic “hierarchical” algorithm works for most situations; The “k-means” 

and “hierarchical” clustering algorithms can split the correlation matrix as users required (x 
column numbers and y row numbers) so that a certain x × y submatrices will be presented. 

 

Figure 34. The “DBSCAN” algorithm only split the matrix based on the minimum 
correlated modules, so the users should enter the minimum number of columns and rows 

while using such clustering algorithm (Figure 31).  



 
Figure 35. The Markov clustering algorithm (“MCL”) can be selected if users wish to split 
the correlation matrix based on Markov process, and users should set the quantile threshold 

to process the Markov dichotomy (Figure 32). 
LINT-web also provide a filtering threshold to screen off the weak correlated features, and 70% 
quantile of max value is suggested as default. Users can also change their thread if necessary (Figure 
30-31). 
 

3.2 Statistical Analysis and Ontology 

1) Pattern Selection 
The correlation matrix will be calculated for a while and users will view a split heatmap. The 
correlation matrix heatmap is split into x × y submatrices based on the parameters setting on the 
last web page (Figure 36).  
 



 
Figure 36. Users can click their interested submatrices to view the detail of strongly correlated 
lipids and gene (or other data features). The red color indicates a strong positive correlation 
and bule indicates a strong negative correlation. Users can determine the pattern blocks they 

interested to gather the information of lipids and genes for the further data mining analyses. 
 

2) Correlated Data Mining 
Once the user-interested patterns are selected, the selected data mining procedures will be shown 
on the next page (Figure 37). For instant, the gene set can perform “GO enrichment analysis” to find 
out the ontology of user-interested genes are associated to which kinds of biological processes, so 
that the strongly correlated lipid set may also associated to such biological processes. Lipids in a 
same pattern block may also share similar biological functions in the targeted sample.  



 
Figure 37. Users can download the selected dataset information. And similar to the “Single Omic 

Dataset Analysis” (Section 1), the enrichment analysis of each omic dataset can be performed 
according to the former instruction. 

 
3) Ontology and correlation circos plot 
Users can also view a circos correlation plot that present three levels of information of selected 
pattern block; lipid/metabolite set, gene set and GO terms.  

 



 

Figure 38. Circos plot of correlation. The red lines indicate the correlation of gene set with GO 
terms, and the green lines indicate the correlation of gene set with lipids/metabolites. All the plots 

can be downloaded on the same web page in a PDF format. 
 

4. Searching for Gene Associated Diseases 

LINT-web collects most gene associated diseases form KEGG database 
(https://www.kegg.jp/kegg/disease/) for a handy searching after the data processing and analyses. 
(Figure 39) 
 



 

Figure 39. Users can type their interested gene names on “Search Disease” tab and click 
“Search” button to view the gene associated diseases. 


