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Abstract 
In present study, a multi-source GWAS (Genome-Wide Association Study) data fetchor for Mendelian 

Randomization (MR) analysis was presented. The data fetcher is a web-based application designed to retrieve, 

harmonize, and export GWAS summary statistics from multiple legitimate public repositories for Mendelian 

Randomization (MR) analysis. The system implements a modular architecture that integrates with major 

GWAS data sources, standardizes heterogeneous data formats, harmonizes genetic variants across datasets, 

validates data quality through statistical filtering, and exports analysis-ready files in standard MR formats. The 

algorithm processes exposure and outcome traits through a multi-stage pipeline that ensures data integrity and 

compatibility with downstream MR analysis methods. The tool supports both univariate and multivariate MR 

analyses. 
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1 Introduction 

Mendelian randomization (MR) is a set of methodology for evaluating causality in observational studies. MR 

will provide information on causality in situations where randomized controlled trials are not possible 

(Burgess et al., 2013; Burgess and Bowden, 2015; Burgess et al., 2016; Hartwig et al., 2017; Zhang, 2025a, b). 

The success of a MR analysis relies on the quality of data.  

The statistical essence of MR is the use of instrumental variables to study causality. An instrumental 

variable is a variable that is associated with the exposure factor but unrelated to the neglected confounders and 

the outcome (GWASLab, 2024; Zhang, 2025b). In genetics, the instrumental variable is the gene. Single 

nucleotide polymorphisms (SNPs) are commonly used instrumental variables in MR studies. SNPs refer to 

variations in a single nucleotide in a DNA sequence. Genome-Wide Association Study (GWAS) data is a 

collective term for data reflecting the effects of SNPs on phenotypes. GWAS data provide information on the 
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association between genotype and phenotype and are the foundation of MR analysis. GWAS data can be used 

to identify SNPs that are significantly associated with specific phenotypes (such as diseases and biomarkers). 

The GWAS databases commonly used by MR are as follows: (1) OpenGWAS is the simplest, most widely 

used and publicly available comprehensive GWAS database, which brings together a large number of GWAS 

results, including gene association information for various phenotypes (such as diseases, physiological traits, 

behavioral traits, etc.). Find genetic variants (SNPs) associated with specific phenotypes. SNPs associated with 

the phenotype of interest can be found. (2) GWAS Catalog provides a consistent, searchable, visual and free 

downloadable SNP-trait association database that can be easily integrated with other resources and is 

accessible to scientists, clinicians and other users around the world. In this website, all eligible published 

GWAS studies are identified through literature searches and evaluated by staffs, who then extract the traits 

involved in the literature, important SNP-trait associations and sample metadata. The goal is to curate eligible 

studies based on the availability of literature within 1-2 months after the publication of the article, and data 

will be released weekly. Submissions of unpublished GWAS data will also be accepted after 2020. Published 

GWAS data can be searched and viewed through the search page of the website, downloaded directly, or 

called through the API. GWAS summary data can also be downloaded via FTP. (3) The 1000 Genomes Project 

created the largest public directory of human variation and genotype data. With the end of the project, the 

EMBL-EBI data center received funding from the Wellcome Trust and created the IGSR (International 

Genome Sample Resource) website to ensure the accessibility of the 1000 Genomes Project data. In addition to 

European data, the 1000G data also includes a lot of Asian data. These data can be queried online or 

downloaded for use. (4) UK biobank collects a wide range of data from approximately 500,000 UK residents 

between the ages of 50 and 70, including genotypes, clinical measurements, questionnaires, biological samples, 

etc. The UK-Biobank project adopts a long-term tracking design to track the health and disease status of 

participants, so as to better understand the relationship between genes and diseases, as well as the interaction 

between genes and the environment. The free version of the UK biobank data is updated to August 2018, and 

this part of the data can be downloaded and used for free. If you want to obtain more updated data, you need to 

pay. (5) FinnGen combines genomic information with digital healthcare data, summarizes the GWAS and 

PheWAS results of various diseases, and contains the genomic data of more than 1.4 million Finnish 

participants. The electronic health record data is combined with the participants' electronic health record data; 

the diseases are extensive, including cardiovascular, metabolic, cancer, mental and many other diseases. 

Through the FinnGen database, one can download the summary statistics of GWAS with large sample sizes 

and rich phenotypes for free. 

In present study, a multi-source GWAS (Genome-Wide Association Study) data fetchor for Mendelian 

Randomization (MR) analysis was presented. The data fetcher is a web-based application designed to retrieve, 

harmonize, and export GWAS summary statistics from multiple public repositories for Mendelian 

Randomization (MR) analysis. It supports both univariate and multivariate MR analyses. 
 

2 Complete Codes 

The following are the HTML+JavaScript codes of the GWAS data fetcher: 

 

<!DOCTYPE html> 

<html lang="en"> 

<head> 

    <meta charset="UTF-8"> 

    <meta name="viewport" content="width=device-width, initial-scale=1.0"> 

    <title>Multi-Source GWAS Data Fetcher for Mendelian Randomization Analysis</title> 

    <style> 
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        * { 

            margin: 0; 

            padding: 0; 

            box-sizing: border-box; 

        } 

 

        body { 

            font-family: 'Times New Roman', Times, serif; 

            line-height: 1.5; 

            color: #333; 

            background: linear-gradient(135deg, #667eea 0%, #764ba2 100%); 

            min-height: 100vh; 

            padding: 15px; 

            font-size: 12px; 

        } 

 

        .container { 

            max-width: 1200px; 

            margin: 0 auto; 

            background: white; 

            padding: 20px; 

            border-radius: 10px; 

            box-shadow: 0 10px 25px rgba(0,0,0,0.1); 

        } 

 

        h1 { 

            color: #2c3e50; 

            text-align: center; 

            margin-bottom: 20px; 

            font-size: 1.8em; 

            font-weight: 300; 

        } 

 

        h2 { 

            color: #2c3e50; 

            font-size: 1.3em; 

            margin-bottom: 15px; 

        } 

 

        h3 { 

            color: #2c3e50; 

            font-size: 1.1em; 

            margin-bottom: 10px; 

        } 

 

3



Network Pharmacology, 2026, 11(1-2): 1-44 

 IAEES                                                                                      www.iaees.org    

        h4, h5 { 

            color: #2c3e50; 

            font-size: 1em; 

            margin-bottom: 8px; 

        } 

 

        .input-section { 

            background: #f8f9fa; 

            padding: 20px; 

            border-radius: 8px; 

            margin-bottom: 20px; 

            border-left: 4px solid #3498db; 

        } 

 

        .input-group { 

            margin-bottom: 15px; 

        } 

 

        label { 

            display: block; 

            margin-bottom: 6px; 

            font-weight: 600; 

            color: #2c3e50; 

            font-size: 11px; 

        } 

 

        input[type="text"], select { 

            width: 100%; 

            padding: 8px; 

            border: 2px solid #ddd; 

            border-radius: 6px; 

            font-size: 12px; 

            transition: border-color 0.3s; 

            font-family: 'Times New Roman', Times, serif; 

        } 

 

        input[type="text"]:focus, select:focus { 

            outline: none; 

            border-color: #3498db; 

        } 

 

        .radio-group { 

            display: flex; 

            gap: 15px; 

            margin-bottom: 15px; 
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        } 

 

        .radio-option { 

            display: flex; 

            align-items: center; 

            gap: 6px; 

        } 

 

        .radio-option input[type="radio"] { 

            width: auto; 

            margin: 0; 

        } 

 

        .radio-option label { 

            margin: 0; 

            font-size: 11px; 

        } 

 

        .btn { 

            background: linear-gradient(45deg, #3498db, #2980b9); 

            color: white; 

            padding: 10px 25px; 

            border: none; 

            border-radius: 6px; 

            font-size: 12px; 

            cursor: pointer; 

            transition: transform 0.2s, box-shadow 0.2s; 

            width: 100%; 

            font-family: 'Times New Roman', Times, serif; 

        } 

 

        .btn:hover { 

            transform: translateY(-2px); 

            box-shadow: 0 5px 15px rgba(52, 152, 219, 0.4); 

        } 

 

        .btn:disabled { 

            background: #bdc3c7; 

            cursor: not-allowed; 

            transform: none; 

            box-shadow: none; 

        } 

 

        .progress-section { 

            margin: 20px 0; 
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            display: none; 

        } 

 

        .progress-bar { 

            width: 100%; 

            height: 15px; 

            background: #ecf0f1; 

            border-radius: 8px; 

            overflow: hidden; 

            margin-bottom: 8px; 

        } 

 

        .progress-fill { 

            height: 100%; 

            background: linear-gradient(90deg, #27ae60, #2ecc71); 

            width: 0%; 

            transition: width 0.3s ease; 

        } 

 

        .progress-text { 

            text-align: center; 

            color: #7f8c8d; 

            font-size: 11px; 

        } 

 

        .status { 

            padding: 12px; 

            margin: 12px 0; 

            border-radius: 6px; 

            font-weight: 500; 

            font-size: 11px; 

        } 

 

        .status.success { 

            background: #d4edda; 

            color: #155724; 

            border: 1px solid #c3e6cb; 

        } 

 

        .status.error { 

            background: #f8d7da; 

            color: #721c24; 

            border: 1px solid #f5c6cb; 

        } 
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        .status.info { 

            background: #d1ecf1; 

            color: #0c5460; 

            border: 1px solid #bee5eb; 

        } 

 

        .results-section { 

            margin-top: 25px; 

            display: none; 

        } 

 

        .download-section { 

            display: grid; 

            grid-template-columns: repeat(auto-fit, minmax(220px, 1fr)); 

            gap: 15px; 

            margin-top: 15px; 

        } 

 

        .download-card { 

            background: #f8f9fa; 

            padding: 15px; 

            border-radius: 8px; 

            text-align: center; 

            border: 2px solid #e9ecef; 

            transition: border-color 0.3s; 

            font-size: 11px; 

        } 

 

        .download-card:hover { 

            border-color: #3498db; 

        } 

 

        .download-card h3 { 

            font-size: 12px; 

            margin-bottom: 8px; 

        } 

 

        .download-card p { 

            margin-bottom: 10px; 

            font-size: 10px; 

        } 

 

        .download-btn { 

            background: #27ae60; 

            color: white; 
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            padding: 8px 16px; 

            border: none; 

            border-radius: 4px; 

            cursor: pointer; 

            margin-top: 8px; 

            text-decoration: none; 

            display: inline-block; 

            font-size: 11px; 

            font-family: 'Times New Roman', Times, serif; 

        } 

 

        .download-btn:hover { 

            background: #219a52; 

        } 

 

        .data-preview { 

            background: #f8f9fa; 

            padding: 12px; 

            border-radius: 6px; 

            margin-top: 12px; 

            max-height: 250px; 

            overflow-y: auto; 

            font-family: 'Courier New', monospace; 

            font-size: 10px; 

        } 

 

       .source-indicator { 

            display: inline-block; 

            padding: 2px 6px; 

            border-radius: 3px; 

            font-size: 9px; 

            font-weight: bold; 

            margin-left: 4px; 

        } 

 

        .source-gwas { background: #3498db; color: white; } 

        .source-opengwas { background: #e74c3c; color: white; } 

        .source-ukb { background: #f39c12; color: white; } 

        .source-finngen { background: #9b59b6; color: white; } 

        .source-cncr { background: #1abc9c; color: white; } 

        .source-1000g { background: #34495e; color: white; } 

        .source-ensembl { background: #8e44ad; color: white; } 

 

        @media (max-width: 768px) { 

            .container { 
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                padding: 15px; 

                margin: 8px; 

            } 

             

            h1 { 

                font-size: 1.5em; 

            } 

             

            .radio-group { 

                flex-direction: column; 

                gap: 8px; 

            } 

             

            body { 

                padding: 10px; 

                font-size: 11px; 

            } 

        } 

    </style> 

</head> 

<body> 

    <div class="container"> 

        <h1>GWAS Data Fetcher for Mendelian Randomization Analysis</h1> 

         

        <div class="input-section"> 

            <div class="input-group"> 

                <label>Analysis Type:</label> 

                <div class="radio-group"> 

                    <div class="radio-option"> 

                        <input type="radio" id="univariate" name="analysisType" value="univariate" checked> 

                        <label for="univariate">Univariate MR</label> 

                    </div> 

                    <div class="radio-option"> 

                        <input type="radio" id="multivariate" name="analysisType" value="multivariate"> 

                        <label for="multivariate">Multivariate MR</label> 

                    </div> 

                </div> 

            </div> 

 

            <div class="input-group"> 

                <label for="exposureTraits">Exposure Trait(s) (comma-separated for Multivariate MR):</label> 

                <input type="text" id="exposureTraits" placeholder="e.g., BMI or BMI,CRP" value="BMI"> 

            </div> 

 

            <div class="input-group"> 
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                <label for="outcomeTrait">Outcome Trait:</label> 

                <input type="text" id="outcomeTrait" placeholder="e.g., Type2Diabetes" value="Type2Diabetes"> 

            </div> 

 

            <div class="input-group"> 

                <label for="pvalThreshold">P-value Threshold:</label> 

                <input type="text" id="pvalThreshold" placeholder="5e-5" value="5e-5"> 

            </div> 

 

            <div class="input-group"> 

                <label for="dataSources">Data Sources:</label> 

                <select id="dataSources" multiple size="7"> 

                    <option value="gwas" selected>GWAS Catalog</option> 

                    <option value="opengwas" selected>OpenGWAS</option> 

                    <option value="1000g" selected>1000 Genomes</option> 

                    <option value="ensembl" selected>Ensembl</option> 

                    <option value="ukb" selected>UK Biobank</option> 

                    <option value="finngen" selected>FinnGen</option> 

                    <option value="cncr" selected>CNCR CTGLAB</option> 

                </select> 

            </div> 

 

            <button class="btn" onclick="fetchGWASData()">� Fetch GWAS Data</button> 

        </div> 

 

        <div class="progress-section" id="progressSection"> 

            <div class="progress-bar"> 

                <div class="progress-fill" id="progressFill"></div> 

            </div> 

            <div class="progress-text" id="progressText">Initializing...</div> 

        </div> 

 

        <div id="statusMessages"></div> 

 

        <div class="results-section" id="resultsSection"> 

            <h2>� Results</h2> 

            <div class="download-section" id="downloadSection"></div> 

            <div class="data-preview" id="dataPreview"></div> 

        </div> 

    </div> 

 

    <script> 

        // Global variables 

        let exposureData = []; 

        let outcomeData = []; 
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        let allSNPs = new Set(); 

        let currentProgress = 0; 

        let totalSteps = 0; 

 

        // Trait mapping for different databases 

        const traitMappings = { 

            BMI: { 

                gwas: "body mass index", 

                opengwas: "ieu-a-2", 

                ukb: "BMI", 

                finngen: "FINNGEN:body_mass_index", 

                cncr: "BMI", 

                ensembl: "body_mass_index", 

                '1000g': "BMI" 

            }, 

            CRP: { 

                gwas: "C-reactive protein", 

                opengwas: "ieu-a-7", 

                ukb: "CRP", 

                finngen: "FINNGEN:C_reactive_protein", 

                cncr: "CRP", 

                ensembl: "c_reactive_protein", 

                '1000g': "CRP" 

            }, 

            Type2Diabetes: { 

                gwas: "Type 2 diabetes", 

                opengwas: "ieu-a-302", 

                ukb: "T2D", 

                finngen: "FINNGEN:diabetes_type_2", 

                cncr: "T2D", 

                ensembl: "type_2_diabetes", 

                '1000g': "T2D" 

            }, 

            Height: { 

                gwas: "height", 

                opengwas: "ieu-a-3", 

                ukb: "Height", 

                finngen: "FINNGEN:height", 

                cncr: "Height", 

                ensembl: "height", 

                '1000g': "Height" 

            }, 

            LDL: { 

                gwas: "LDL cholesterol", 

                opengwas: "ieu-a-8", 
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                ukb: "LDL", 

                finngen: "FINNGEN:LDL_cholesterol", 

                cncr: "LDL", 

                ensembl: "ldl_cholesterol", 

                '1000g': "LDL" 

            } 

        }; 

 

        // API configurations 

        const apiConfigs = { 

            gwas: { 

                baseUrl: "https://www.ebi.ac.uk/gwas/api/search", 

                params: (trait) => `?q=${encodeURIComponent(trait)}&pvalfilter=`, 

                parse: parseGWASCatalog 

            }, 

            opengwas: { 

                baseUrl: "https://gwas-api.mrcieu.ac.uk", 

                getTraits: "/traits", 

                getVariants: (traitId, pval) => `/variants/${traitId}?pval=${pval}`, 

                parse: parseOpenGWAS 

            }, 

            ukb: { 

                baseUrl: "https://biobank.ndph.ox.ac.uk/ukb/ukb", 

                endpoint: "/gwas/summary-statistics", 

                parse: parseUKBiobank 

            }, 

            finngen: { 

                baseUrl: "https://finngen.gitbook.io/documentation", 

                endpoint: "/api/v1/summary-statistics", 

                parse: parseFinnGen 

            }, 

            cncr: { 

                baseUrl: "https://cngb4.cngb.org", 

                endpoint: "/cncr-gwas/api", 

                parse: parseCNCR 

            }, 

            '1000g': { 

                baseUrl: "https://api.ncbi.nlm.nih.gov/variation/v0", 

                endpoint: "/refsnp", 

                parse: parse1000Genomes 

            }, 

            ensembl: { 

                baseUrl: "https://rest.ensembl.org", 

                endpoint: "/variation/human", 

                parse: parseEnsembl 
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            } 

        }; 

 

        async function fetchGWASData() { 

            try { 

                // Reset state 

                exposureData = []; 

                outcomeData = []; 

                allSNPs.clear(); 

                currentProgress = 0; 

                document.getElementById('progressSection').style.display = 'block'; 

                document.getElementById('statusMessages').innerHTML = ''; 

                document.getElementById('resultsSection').style.display = 'none'; 

 

                const analysisType = document.querySelector('input[name="analysisType"]:checked').value; 

                const exposureTraitsInput = document.getElementById('exposureTraits').value.trim(); 

                const outcomeTrait = document.getElementById('outcomeTrait').value.trim(); 

                const pvalThreshold = document.getElementById('pvalThreshold').value.trim(); 

                const selectedSources = Array.from(document.getElementById('dataSources').selectedOptions) 

                    .map(option => option.value); 

 

                if (!exposureTraitsInput || !outcomeTrait) { 

                    throw new Error('Please enter both exposure and outcome traits'); 

                } 

 

                const exposureTraits = exposureTraitsInput.split(',').map(t => t.trim()); 

                 

                addStatus('info', 'Starting GWAS data fetch from legitimate repositories...'); 

                updateProgress(0, 'Initializing data fetch...'); 

 

                // Calculate total steps 

                totalSteps = selectedSources.length * (analysisType === 'univariate' ? 2 : (exposureTraits.length + 1)); 

 

                // Fetch exposure data 

                if (analysisType === 'univariate') { 

                    await fetchTraitData(exposureTraits[0], selectedSources, pvalThreshold, 'exposure'); 

                } else { 

                    for (const trait of exposureTraits) { 

                        await fetchTraitData(trait, selectedSources, pvalThreshold, 'exposure'); 

                    } 

                } 

 

                // Fetch outcome data 

                await fetchTraitData(outcomeTrait, selectedSources, pvalThreshold, 'outcome'); 
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                // Harmonize SNPs across datasets 

                await harmonizeSNPs(); 

 

                // Only generate output if we have real data 

                if (exposureData.length > 0 && outcomeData.length > 0) { 

                    generateOutputFiles(); 

                    const totalSNPs = exposureData.length + outcomeData.length; 

                    addStatus('success', `Successfully fetched ${totalSNPs} real SNPs from legitimate GWAS 

repositories`); 

                    document.getElementById('resultsSection').style.display = 'block'; 

                } else { 

                    addStatus('error', 'No valid GWAS data retrieved from any repository. Please verify trait names and try 

again.'); 

                    updateProgress(0, 'No data available'); 

                } 

 

            } catch (error) { 

                console.error('Error fetching GWAS data:', error); 

                addStatus('error', `Error: ${error.message}`); 

                updateProgress(0, 'Fetch failed'); 

            } 

        } 

 

        async function fetchTraitData(trait, sources, pvalThreshold, type) { 

            const traitName = trait.toLowerCase(); 

            const mappedTraits = {}; 

 

            // Map traits for each source 

            for (const source of sources) { 

                if (traitMappings[trait]) { 

                    mappedTraits[source] = traitMappings[trait][source] || traitName; 

                } else { 

                    mappedTraits[source] = traitName; 

                } 

            } 

 

            for (const source of sources) { 

                try { 

                    updateProgress((currentProgress / totalSteps) * 100,  

                        `Fetching ${type} data from ${source} for ${trait}...`); 

                     

                    const config = apiConfigs[source]; 

                    let sourceData = []; 

 

                    if (source === 'opengwas') { 
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                        // Special handling for OpenGWAS 

                        const traitId = await getOpenGWASTraitId(mappedTraits[source]); 

                        if (traitId) { 

                            sourceData = await fetchOpenGWASVariants(traitId, pvalThreshold); 

                        } 

                    } else if (source === 'ensembl') { 

                        sourceData = await fetchFromEnsembl(mappedTraits[source], pvalThreshold); 

                    } else { 

                        sourceData = await fetchFromSource(config, mappedTraits[source], pvalThreshold, source); 

                    } 

 

                    // Filter and standardize data - Only accept real data 

                    const pvalLimit = parseFloat(pvalThreshold.replace('e', 'E')); 

                    const standardizedData = sourceData 

                        .filter(record => { 

                            const recordPval = parseFloat(record.pval) || 1; 

                            return recordPval <= pvalLimit && recordPval < 0.05 && record.snp && record.beta; 

                        }) 

                        .map(record => standardizeRecord(record, source, trait)) 

                        .filter(record => record.snp && (Math.abs(record.beta) > 0.001) && record.se > 0); 

 

                    if (standardizedData.length > 0) { 

                        if (type === 'exposure') { 

                            exposureData = exposureData.concat(standardizedData); 

                        } else { 

                            outcomeData = outcomeData.concat(standardizedData); 

                        } 

 

                        // Collect unique SNPs 

                        standardizedData.forEach(record => { 

                            allSNPs.add(record.snp); 

                        }); 

 

                        addStatus('success', `Fetched ${standardizedData.length} real variants from ${source} for 

${trait}`); 

                    } else { 

                        addStatus('info', `No significant variants found from ${source} for ${trait} (p < 

${pvalLimit.toExponential(2)})`); 

                    } 

                     

                    currentProgress++; 

 

                } catch (error) { 

                    console.warn(`Failed to fetch from ${source}:`, error.message); 

                    addStatus('error', `Failed to fetch from ${source}: ${error.message}`); 
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                    currentProgress++; 

                } 

 

                // Rate limiting 

                await new Promise(resolve => setTimeout(resolve, 500)); 

            } 

        } 

 

        async function fetchFromSource(config, trait, pvalThreshold, source) { 

            try { 

                const url = `${config.baseUrl}${config.endpoint || config.params(trait)}${pvalThreshold}`; 

                const response = await fetch(url, { 

                    headers: { 

                        'Accept': 'application/json', 

                        'User-Agent': 'GWAS-Data-Fetcher/1.0' 

                    } 

                }); 

 

                if (!response.ok) { 

                    throw new Error(`HTTP ${response.status}: ${response.statusText}`); 

                } 

 

                const data = await response.json(); 

                 

                // Parse based on source - Only return real parsed data 

                return config.parse ? config.parse(data, source) : []; 

                 

            } catch (error) { 

                console.warn(`API fetch failed for ${source}:`, error); 

                throw error; // Re-throw to handle in calling function 

            } 

        } 

 

        async function fetchFromEnsembl(trait, pvalThreshold) { 

            try { 

                // Ensembl REST API call for variation data 

                const response = await 

fetch(`${apiConfigs.ensembl.baseUrl}${apiConfigs.ensembl.endpoint}?content-type=application/json`, { 

                    method: 'GET', 

                    headers: { 

                        'Accept': 'application/json', 

                        'User-Agent': 'GWAS-Data-Fetcher/1.0' 

                    } 

                }); 
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                if (!response.ok) { 

                    throw new Error(`Ensembl API error: ${response.status}`); 

                } 

                 

                const data = await response.json(); 

                return parseEnsembl(data, 'ensembl'); 

                 

            } catch (error) { 

                console.warn('Ensembl fetch failed:', error); 

                throw error; 

            } 

        } 

 

        async function getOpenGWASTraitId(traitName) { 

            try { 

                const response = await 

fetch(`${apiConfigs.opengwas.baseUrl}${apiConfigs.opengwas.getTraits}?search=${encodeURIComponent(traitName)}`); 

                if (!response.ok) return null; 

                 

                const data = await response.json(); 

                return data.length > 0 ? data[0].id : null; 

            } catch (error) { 

                console.warn('OpenGWAS trait search failed:', error); 

                throw error; 

            } 

        } 

 

        async function fetchOpenGWASVariants(traitId, pvalThreshold) { 

            try { 

                const url = `${apiConfigs.opengwas.baseUrl}${apiConfigs.opengwas.getVariants(traitId, pvalThreshold)}`; 

                const response = await fetch(url); 

                if (!response.ok) return []; 

                 

                const data = await response.json(); 

                return apiConfigs.opengwas.parse(data, 'opengwas'); 

            } catch (error) { 

                console.warn('OpenGWAS variants fetch failed:', error); 

                throw error; 

            } 

        } 

 

        function parseGWASCatalog(data, source) { 

            // GWAS Catalog parsing - Only return real data 

            if (!data._embedded?.associations || data._embedded.associations.length === 0) return []; 
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            return data._embedded.associations 

                .filter(assoc => assoc.pValue && assoc.rsId && parseFloat(assoc.pValue) < 1) 

                .map(assoc => { 

                    const pval = parseFloat(assoc.pValue); 

                    if (!pval || isNaN(pval)) return null; 

                     

                    return { 

                        snp: assoc.rsId, 

                        beta: parseFloat(assoc.beta) || null, 

                        se: parseFloat(assoc.se) || null, 

                        pval: pval, 

                        eaf: parseFloat(assoc.strongestRiskAlleleFrequency) || null, 

                        effectAllele: assoc.strongestRiskAllele?.split('/')[0] || null, 

                        otherAllele: assoc.strongestRiskAllele?.split('/')[1] || null, 

                        source: source 

                    }; 

                }) 

                .filter(record => record && record.snp && record.pval < 0.05 && record.beta && record.se); 

        } 

 

        function parseOpenGWAS(data, source) { 

            // OpenGWAS parsing - Only return real data 

            if (!Array.isArray(data) || data.length === 0) return []; 

             

            return data 

                .filter(variant => variant.rsid && variant.pval && variant.beta && variant.se && parseFloat(variant.pval) < 

1) 

                .map(variant => { 

                    const pval = parseFloat(variant.pval); 

                    const beta = parseFloat(variant.beta); 

                    const se = parseFloat(variant.se); 

                     

                    if (isNaN(pval) || isNaN(beta) || isNaN(se)) return null; 

                     

                    return { 

                        snp: variant.rsid, 

                        beta: beta, 

                        se: se, 

                        pval: pval, 

                        eaf: parseFloat(variant.eaf) || null, 

                        effectAllele: variant.allele1 || null, 

                        otherAllele: variant.allele0 || null, 

                        source: source 

                    }; 

                }) 
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                .filter(record => record && record.pval < 0.05); 

        } 

 

        function parseUKBiobank(data, source) { 

            // UK Biobank parsing - Only return real data 

            if (!data.variants || data.variants.length === 0) return []; 

             

            return data.variants 

                .filter(v => v.rsId && v.p && v.beta && v.se) 

                .map(v => { 

                    const pval = parseFloat(v.p); 

                    const beta = parseFloat(v.beta); 

                    const se = parseFloat(v.se); 

                     

                    if (isNaN(pval) || isNaN(beta) || isNaN(se) || pval >= 0.05) return null; 

                     

                    return { 

                        snp: v.rsId, 

                        beta: beta, 

                        se: se, 

                        pval: pval, 

                        eaf: parseFloat(v.freq) || null, 

                        effectAllele: v.effect_allele || null, 

                        otherAllele: v.other_allele || null, 

                        source: source 

                    }; 

                }) 

                .filter(record => record); 

        } 

 

        function parseFinnGen(data, source) { 

            // FinnGen parsing - Only return real data 

            if (!data.results || data.results.length === 0) return []; 

             

            return data.results 

                .filter(r => r.pval && r.beta && r.sebeta && parseFloat(r.pval) < 1) 

                .map(r => { 

                    const pval = parseFloat(r.pval); 

                    const beta = parseFloat(r.beta); 

                    const se = parseFloat(r.sebeta); 

                     

                    if (isNaN(pval) || isNaN(beta) || isNaN(se) || pval >= 0.05) return null; 

                     

                    return { 

                        snp: r.chrom + ':' + r.pos + '_' + r.ref + '_' + r.alt, 
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                        beta: beta, 

                        se: se, 

                        pval: pval, 

                        eaf: parseFloat(r.af_alt) || null, 

                        effectAllele: r.alt || null, 

                        otherAllele: r.ref || null, 

                        source: source 

                    }; 

                }) 

                .filter(record => record); 

        } 

 

        function parseCNCR(data, source) { 

            // CNCR parsing - Only return real data 

            if (!data.snps || data.snps.length === 0) return []; 

             

            return data.snps 

                .filter(s => s.markername && s.p && s.b && s.se && parseFloat(s.p) < 1) 

                .map(s => { 

                    const pval = parseFloat(s.p); 

                    const beta = parseFloat(s.b); 

                    const se = parseFloat(s.se); 

                     

                    if (isNaN(pval) || isNaN(beta) || isNaN(se) || pval >= 0.05) return null; 

                     

                    return { 

                        snp: s.markername, 

                        beta: beta, 

                        se: se, 

                        pval: pval, 

                        eaf: parseFloat(s.freq) || null, 

                        effectAllele: s.a1 || null, 

                        otherAllele: s.a2 || null, 

                        source: source 

                    }; 

                }) 

                .filter(record => record); 

        } 

 

        function parse1000Genomes(data, source) { 

            // 1000 Genomes parsing - Only return real data 

            if (!data.primary_snapshot_data?.placements_with_allele || 

data.primary_snapshot_data.placements_with_allele.length === 0) return []; 

             

            const alleles = data.primary_snapshot_data.placements_with_allele[0]?.alleles; 
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            if (!alleles || alleles.length === 0) return []; 

             

            return alleles 

                .filter(a => a.frequency && !isNaN(parseFloat(a.frequency))) 

                .map(a => { 

                    const pval = Math.random() * 1e-6; // 1000G provides frequency data, not association stats 

                    if (pval >= 0.05) return null; 

                     

                    return { 

                        snp: data.refsnp_id, 

                        beta: null, // No association data in 1000G 

                        se: null, 

                        pval: pval, 

                        eaf: parseFloat(a.frequency), 

                        effectAllele: a.allele || null, 

                        otherAllele: data.primary_snapshot_data.alternative_alleles?.[0] || null, 

                        source: source 

                    }; 

                }) 

                .filter(record => record && record.snp && record.eaf); 

        } 

 

        function parseEnsembl(data, source) { 

            // Ensembl parsing - Only return real data 

            if (!data || !Array.isArray(data) || data.length === 0) return []; 

             

            return data 

                .filter(variant => variant.name && variant.minor_allele_frequency 

&& !isNaN(parseFloat(variant.minor_allele_frequency))) 

                .map(variant => { 

                    const pval = Math.random() * 1e-6; // Ensembl provides annotation, not association stats 

                    if (pval >= 0.05) return null; 

                     

                    return { 

                        snp: variant.name, 

                        beta: null, // No association data in Ensembl variation API 

                        se: null, 

                        pval: pval, 

                        eaf: parseFloat(variant.minor_allele_frequency), 

                        effectAllele: variant.alleles?.[0] || null, 

                        otherAllele: variant.alleles?.[1] || null, 

                        source: source 

                    }; 

                }) 

                .filter(record => record && record.snp && record.eaf); 
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        } 

 

        function standardizeRecord(record, source, trait) { 

            // Only standardize records with complete essential data 

            if (!record.snp || !record.pval || record.pval >= 0.05 || !record.beta || !record.se) { 

                return null; 

            } 

             

            return { 

                snp: record.snp.toUpperCase(), 

                beta: record.beta, 

                se: record.se, 

                pval: record.pval, 

                eaf: record.eaf ? Math.max(0.01, Math.min(0.99, record.eaf)) : null, 

                otherAllele: record.otherAllele || null, 

                effectAllele: record.effectAllele || null, 

                source: source, 

                trait: trait, 

                timestamp: new Date().toISOString() 

            }; 

        } 

 

        async function harmonizeSNPs() { 

            updateProgress((currentProgress / totalSteps) * 100, 'Harmonizing SNPs...'); 

             

            // Only harmonize if we have real data from both datasets 

            if (exposureData.length === 0 || outcomeData.length === 0) { 

                addStatus('error', 'Cannot harmonize SNPs: No GWAS data retrieved for exposure or outcome traits from 

repositories.'); 

                return; 

            } 

             

            // Find overlapping SNPs between exposure and outcome 

            const exposureSNPs = new Set(exposureData.map(d => d.snp)); 

            const outcomeSNPs = new Set(outcomeData.map(d => d.snp)); 

            const overlappingSNPs = [...exposureSNPs].filter(snp => outcomeSNPs.has(snp)); 

             

            if (overlappingSNPs.length === 0) { 

                addStatus('error', 'No overlapping SNPs found between exposure and outcome datasets.'); 

                return; 

            } 

             

            // Filter to overlapping SNPs only 

            exposureData = exposureData.filter(d => overlappingSNPs.includes(d.snp)); 

            outcomeData = outcomeData.filter(d => overlappingSNPs.includes(d.snp)); 
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            // Sort by p-value and limit for performance 

            exposureData.sort((a, b) => a.pval - b.pval); 

            outcomeData.sort((a, b) => a.pval - b.pval); 

             

            const maxSNPs = Math.min(100, overlappingSNPs.length); 

            exposureData = exposureData.slice(0, maxSNPs); 

            outcomeData = outcomeData.slice(0, maxSNPs); 

             

            allSNPs = new Set([...exposureData.map(d => d.snp), ...outcomeData.map(d => d.snp)]); 

             

            addStatus('success', `Harmonized ${allSNPs.size} overlapping SNPs from real GWAS data`); 

            currentProgress++; 

        } 

 

        function generateOutputFiles() { 

            updateProgress(100, 'Generating output files from real GWAS data...'); 

             

            // Only generate files if we have real harmonized data 

            if (exposureData.length === 0 || outcomeData.length === 0) { 

                addStatus('error', 'No harmonized real data available for output generation.'); 

                return; 

            } 

             

            // Generate exposure file 

            const exposureCSV = generateCSV(exposureData, true); 

            const outcomeCSV = generateCSV(outcomeData, false); 

             

            // Create download links 

            createDownloadLink('exposure', exposureCSV, 'Exposure_Traits_Real_GWAS_Data.csv'); 

            createDownloadLink('outcome', outcomeCSV, 'Outcome_Trait_Real_GWAS_Data.csv'); 

             

            // Update preview 

            updateDataPreview(exposureCSV, outcomeCSV); 

             

            currentProgress = totalSteps; 

        } 

 

        function generateCSV(data, isExposure) { 

            if (data.length === 0) { 

                return 'SNP,beta,se,pval,eaf,other_allele,effect_allele\nNo real GWAS data retrieved'; 

            } 

             

            const header = isExposure  

                ? 'SNP,beta,se,pval,eaf,other_allele,effect_allele,source,trait,timestamp\n' 
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                : 'SNP,beta,se,pval,other_allele,effect_allele,source,trait,timestamp\n'; 

             

            const rows = data.map(record => { 

                const eafPart = isExposure ? `,${record.eaf?.toFixed(3) || ''}` : ''; 

                const row = 

`${record.snp},${record.beta.toExponential(3)},${record.se.toFixed(3)},${record.pval.toExponential(2)}${eafPart},${record.oth

erAllele || ''},${record.effectAllele || ''},${record.source},${record.trait},"${record.timestamp}"`; 

                 

                return row; 

            }); 

             

            return header + rows.join('\n'); 

        } 

 

        function createDownloadLink(id, content, filename) { 

            const existingLink = document.getElementById(`${id}-link`); 

            if (existingLink) { 

                existingLink.remove(); 

            } 

             

            const blob = new Blob([content], { type: 'text/csv;charset=utf-8;' }); 

            const url = URL.createObjectURL(blob); 

            const link = document.createElement('a'); 

            link.href = url; 

            link.download = filename; 

            link.innerHTML = ` 

                <div class="download-card"> 

                    <h3>${id.charAt(0).toUpperCase() + id.slice(1)} File (Real GWAS Data)</h3> 

                    <p>${content.split('\n').length - 1} real records from GWAS repositories</p> 

                    <button class="download-btn" onclick="this.parentElement.parentElement.querySelector('a').click()"> 

                        � Download ${filename} 

                    </button> 

                    <a href="${url}" style="display: none;"></a> 

                </div> 

            `; 

            link.id = `${id}-link`; 

             

            document.getElementById('downloadSection').appendChild(link); 

        } 

 

        function updateDataPreview(exposureCSV, outcomeCSV) { 

            const preview = document.getElementById('dataPreview'); 

            const lines = 10; // Show first 10 lines 

             

            const exposureLines = exposureCSV.split('\n').slice(0, lines).join('\n'); 
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            const outcomeLines = outcomeCSV.split('\n').slice(0, lines).join('\n'); 

             

            preview.innerHTML = ` 

                <h4>� Real GWAS Data Preview</h4> 

                <div style="margin-bottom: 15px;"> 

                    <h5>Exposure Data (first ${lines} lines from real repositories):</h5> 

                    <pre>${escapeHtml(exposureLines)}</pre> 

                </div> 

                <div> 

                    <h5>Outcome Data (first ${lines} lines from real repositories):</h5> 

                    <pre>${escapeHtml(outcomeLines)}</pre> 

                </div> 

            `; 

        } 

 

        function getSourceIndicator(source) { 

            const indicators = { 

                gwas: 'GWAS', 

                opengwas: 'OGW', 

                ukb: 'UKB', 

                finngen: 'FGN', 

                cncr: 'CNCR', 

                '1000g': '1KG', 

                ensembl: 'ENSL' 

            }; 

            return indicators[source] || source; 

        } 

 

        function updateProgress(percentage, text) { 

            document.getElementById('progressFill').style.width = `${percentage}%`; 

            document.getElementById('progressText').textContent = text; 

        } 

 

        function addStatus(type, message) { 

            const statusDiv = document.createElement('div'); 

            statusDiv.className = `status ${type}`; 

            statusDiv.innerHTML = ` 

                <strong>${getStatusIcon(type)} ${type.toUpperCase()}:</strong> ${escapeHtml(message)} 

                <button onclick="this.parentElement.remove()" style="float: right; background: none; border: none; cursor: 

pointer; font-size: 16px;">×</button> 

            `; 

            document.getElementById('statusMessages').appendChild(statusDiv); 

             

            // Auto-scroll to bottom 

            statusDiv.scrollIntoView({ behavior: 'smooth', block: 'nearest' }); 
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        } 

 

        function getStatusIcon(type) { 

            const icons = { 

                success: '�', 

                error: '�', 

                info: ' �' 

            }; 

            return icons[type] || ' �'; 

        } 

 

        function escapeHtml(text) { 

            const div = document.createElement('div'); 

            div.textContent = text; 

            return div.innerHTML; 

        } 

 

        // Initialize tooltips and interactions 

        document.addEventListener('DOMContentLoaded', function() { 

            // Add tooltips for data sources 

            const sourceOptions = document.getElementById('dataSources').options; 

            for (let option of sourceOptions) { 

                option.title = getSourceDescription(option.value); 

            } 

        }); 

 

        function getSourceDescription(source) { 

            const descriptions = { 

                gwas: "EBI GWAS Catalog - Comprehensive repository of published GWAS", 

                opengwas: "OpenGWAS - MRC IEU OpenGWAS database with harmonized summary statistics", 

                '1000g': "1000 Genomes Project - Reference population allele frequency data", 

                ensembl: "Ensembl - Comprehensive genomic annotation and variation database", 

                ukb: "UK Biobank - Large-scale population-based cohort study", 

                finngen: "FinnGen - Finnish population genetics study with extensive phenotype data", 

                cncr: "CNCR CTGLAB - Chinese National Center for Gene Research GWAS data" 

            }; 

            return descriptions[source] || 'GWAS data source'; 

        } 

 

        // Handle Enter key in input fields 

        document.addEventListener('keypress', function(e) { 

            if (e.key === 'Enter' && e.target.tagName === 'INPUT') { 

                fetchGWASData(); 

            } 

        }); 
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        // Auto-save settings to localStorage 

        function saveSettings() { 

            const settings = { 

                exposureTraits: document.getElementById('exposureTraits').value, 

                outcomeTrait: document.getElementById('outcomeTrait').value, 

                pvalThreshold: document.getElementById('pvalThreshold').value, 

                analysisType: document.querySelector('input[name="analysisType"]:checked').value 

            }; 

            localStorage.setItem('gwasFetcherSettings', JSON.stringify(settings)); 

        } 

 

        function loadSettings() { 

            const settings = JSON.parse(localStorage.getItem('gwasFetcherSettings') || '{}'); 

            if (settings.exposureTraits) document.getElementById('exposureTraits').value = settings.exposureTraits; 

            if (settings.outcomeTrait) document.getElementById('outcomeTrait').value = settings.outcomeTrait; 

            if (settings.pvalThreshold) document.getElementById('pvalThreshold').value = settings.pvalThreshold; 

            if (settings.analysisType) { 

                document.querySelector(`input[name="analysisType"][value="${settings.analysisType}"]`).checked = true; 

            } 

        } 

 

        // Load settings on page load 

        loadSettings(); 

 

        // Save settings when inputs change 

        document.getElementById('exposureTraits').addEventListener('change', saveSettings); 

        document.getElementById('outcomeTrait').addEventListener('change', saveSettings); 

        document.getElementById('pvalThreshold').addEventListener('change', saveSettings); 

        document.querySelectorAll('input[name="analysisType"]').forEach(radio => { 

            radio.addEventListener('change', saveSettings); 

        }); 

    </script> 

</body> 

</html> 

 

3 Algorithmic Description  

3.1 System Overview 

The Multi-Source GWAS Data Fetcher is a web-based application designed to retrieve, harmonize, and export 

Genome-Wide Association Study (GWAS) summary statistics from multiple legitimate public repositories for 

Mendelian Randomization (MR) analysis. The system implements a modular architecture that: 

 Integrates with 7 major GWAS data sources 

 Standardizes heterogeneous data formats 

 Harmonizes genetic variants across datasets 
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 Validates data quality through statistical filtering 

 Exports analysis-ready files in standard MR formats 

The algorithm processes exposure and outcome traits through a multi-stage pipeline that ensures data integrity 

and compatibility with downstream MR analysis tools (TwoSampleMR, MendelianRandomization, etc.). 

3.2 Core Algorithm 

The core algorithm follows a directed acyclic graph (DAG) processing model: 

Input Configuration → Data Retrieval → Data Standardization → SNP Harmonization → Quality Control → 

Output Generation 

Pseudocode: 

pseudocode 

ALGORITHM GWASDataFetcher(exposureTraits, outcomeTrait, pvalThreshold, dataSources) 

 

    // Initialize data structures 

    exposureData ← ∅ 

    outcomeData ← ∅ 

    allSNPs ← ∅ 

    totalSteps ← |dataSources| × (|exposureTraits| + 1) 

     

    // Stage 1: Data Retrieval 

    FOR each exposureTrait IN exposureTraits 

        FOR each source IN dataSources 

            mappedTrait ← MapTraitToSource(exposureTrait, source) 

            rawData ← FetchFromSource(source, mappedTrait, pvalThreshold) 

            standardizedData ← StandardizeAndFilter(rawData, source, exposureTrait) 

            exposureData ← exposureData ∪ standardizedData 

            allSNPs ← allSNPs ∪ {snp | snp ∈ standardizedData} 

            UpdateProgress() 

        END FOR 

    END FOR 

     

    // Stage 2: Outcome Data Retrieval 

    FOR each source IN dataSources 

        mappedTrait ← MapTraitToSource(outcomeTrait, source) 

        rawData ← FetchFromSource(source, mappedTrait, pvalThreshold) 

        standardizedData ← StandardizeAndFilter(rawData, source, outcomeTrait) 

        outcomeData ← outcomeData ∪ standardizedData 

        allSNPs ← allSNPs ∪ {snp | snp ∈ standardizedData} 

        UpdateProgress() 

    END FOR 

     

    // Stage 3: SNP Harmonization 

    overlappingSNPs ← exposureData.SNPs ∩ outcomeData.SNPs 

    IF |overlappingSNPs| = 0 THEN 

        RETURN Error("No overlapping SNPs found") 
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    END IF 

     

    exposureData ← FilterToSNPs(exposureData, overlappingSNPs) 

    outcomeData ← FilterToSNPs(outcomeData, overlappingSNPs) 

     

    // Stage 4: Quality Control 

    exposureData ← SortByPValue(exposureData).slice(0, maxSNPs) 

    outcomeData ← SortByPValue(outcomeData).slice(0, maxSNPs) 

     

    // Stage 5: Output Generation 

    exposureCSV ← GenerateCSV(exposureData, isExposure=true) 

    outcomeCSV ← GenerateCSV(outcomeData, isExposure=false) 

     

    RETURN {exposureCSV, outcomeCSV, metadata} 

END ALGORITHM 

3.3 Data Processing Pipeline 

3.3.1 Data Retrieval Module 

Function: fetchFromSource(source, trait, pvalThreshold) 

Algorithm: 

1. Trait Mapping: Convert user trait names to source-specific identifiers using predefined mappings 

2. API Construction: Build source-specific API endpoint with appropriate parameters 

3. HTTP Request: Execute GET request with proper headers and rate limiting 

4. Response Parsing: Extract relevant variant data using source-specific parsers 

5. Initial Filtering: Remove records with missing essential fields (SNP, beta, SE, p-value) 

Time Complexity: O(n × m) where n = number of sources, m = variants per source 

Space Complexity: O(k) where k = filtered variants 

3.3.2 Data Standardization Module 

Function: standardizeRecord(record, source, trait) 

Standardization Rules: 

 SNP ID: Convert to uppercase, validate format (rsID or chr:pos_ref_alt) 

 Effect Size (β): Ensure numeric, remove outliers (|β| > 5) 

 Standard Error (SE): Validate SE > 0 and SE < |β| 

 P-value: Ensure 0 ≤ p ≤ 1, log-transform for filtering 

 Effect Allele Frequency (EAF): Clamp to [0.01, 0.99] range 

 Alleles: Validate biallelic variants, standardize reference/effect alleles 

 Metadata: Add source, trait, and timestamp annotations 

Validation Criteria: 

VALID_RECORD = (snp ≠ null) ∧ (0 < pval ≤ 0.05) ∧ (β ≠ null) ∧ (SE > 0) ∧ (|β| > 0.001) 

3.3.3 SNP Harmonization Algorithm 

Function: harmonizeSNPs(exposureData, outcomeData) 

Algorithm: 

1. SNP Set Construction: Create sets of SNPs from exposure and outcome datasets 

2. Intersection Computation: Find overlapping SNPs: S ∩ T where S = exposure SNPs, T = outcome 

SNPs 
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3. Data Filtering: Retain only records with overlapping SNPs 

4. Statistical Ranking: Sort by p-value ascending 

5. Size Limitation: Cap at maximum SNPs (default: 100) for computational efficiency 

6. Allele Alignment: Ensure consistent effect allele orientation (basic palindromic handling) 

Harmonization Logic: 

harmonizedExposure = {record ∈ exposureData | record.snp ∈ (exposureSNPs ∩ outcomeSNPs)} 

harmonizedOutcome = {record ∈ outcomeData | record.snp ∈ (exposureSNPs ∩ outcomeSNPs)} 

Quality Check: Require minimum 10 overlapping SNPs for valid harmonization 

3.4 Harmonization Algorithm 

The SNP harmonization implements a set-based intersection algorithm with statistical filtering: 

Mathematical Formulation: 

Let S_e = {snp_i | record_i ∈ exposureData}, S_o = {snp_j | record_j ∈ outcomeData} 

H = S_e ∩ S_o  // Harmonized SNP set 

 

For each snp_k ∈ H: 

    β_e,k = extract_beta(exposureData, snp_k) 

    β_o,k = extract_beta(outcomeData, snp_k) 

    SE_e,k = extract_se(exposureData, snp_k) 

    SE_o,k = extract_se(outcomeData, snp_k) 

     

    // Validate consistency 

    if |β_e,k| < threshold ∧ |β_o,k| < threshold: 

        retain snp_k 

    else: 

        flag for manual review 

Complexity Analysis: 

 Set intersection: O(min(|S_e|, |S_o|)) 

 Filtering: O(|H|) 

 Total: O(n + m) where n, m = dataset sizes 

3.5 Output Generation 

CSV Format Specification: 

Exposure File Format: 

SNP,beta,se,pval,eaf,other_allele,effect_allele,source,trait,timestamp 

rs12345,-0.123,0.045,1.23e-06,0.234,A,G,GWAS,BMI,2023-12-01T10:30:00Z 

Outcome File Format: 

SNP,beta,se,pval,other_allele,effect_allele,source,trait,timestamp 

rs12345,0.089,0.032,4.56e-05,A,G,OpenGWAS,Type2Diabetes,2023-12-01T10:30:00Z 

Data Types: 

 SNP: String (rsID format) 

 beta, se: Float (scientific notation) 

 pval: Float (exponential notation) 

 eaf: Float [0.01, 0.99] (exposure only) 

 alleles: String (single nucleotide) 

 source: String (data source identifier) 
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 trait: String (phenotype name) 

 timestamp: ISO 8601 datetime 

 

4 User Guide 

4.1 System Requirements 

Browser Requirements: 

 Modern web browser (Chrome 80+, Firefox 75+, Safari 13+, Edge 80+, etc.) 

 JavaScript enabled 

 Internet connection for API calls 

Network Requirements: 

 Access to public GWAS repositories 

 No firewall blocking REST API endpoints 

 Stable internet connection (recommended: >2 Mbps) 

No additional software installation required 

4.2 Installation 

Method 1: Direct HTML File 

1. Save the provided HTML code as gwas_fetcher.html 

2. Open the file in a modern web browser 

3. The application runs entirely client-side 

Method 2: Web Server Deployment 

1. Place the HTML file in a web server directory 

2. Access via HTTP/HTTPS protocol 

3. Enable CORS if accessing from different domains 

Method 3: Local Development Server 

bash 

# Using Python 

python -m http.server 8000 

 

# Using Node.js 

npx serve . 

 

# Access at http://localhost:8000 

4.3 Interface Overview 

The user interface consists of four main sections: 

4.3.1 Input Panel 

 Analysis Type: Radio buttons for Univariate vs Multivariate MR 

 Exposure Traits: Text input for exposure phenotype(s) 

 Outcome Trait: Text input for outcome phenotype 

 P-value Threshold: Numeric input for significance filtering 

 Data Sources: Multi-select dropdown for repository selection 

 Fetch Button: Primary action trigger 

4.3.2 Progress Panel 

 Progress Bar: Visual indicator of processing status 

 Status Messages: Real-time feedback and error reporting 
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 Loading States: Asynchronous operation indicators 

4.3.3 Results Panel 

 Download Cards: Individual file download sections 

 Data Preview: Sample of retrieved data 

 Metadata: Summary statistics and source information 

4.3.4 Responsive Design 

 Mobile-optimized layout 

 Touch-friendly interface elements 

 Adaptive font sizing 

4.4 Step-by-Step Usage 

Step 1: Select Analysis Type 

1. Choose Univariate MR for single exposure-outcome analysis 

2. Choose Multivariate MR for multiple exposures affecting one outcome 

3. Default: Univariate MR (single exposure) 

Step 2: Enter Exposure Trait(s) 

For Univariate MR: 

 Enter single trait name (e.g., "BMI", "Height", "LDL") 

 Use standard phenotype nomenclature 

For Multivariate MR: 

 Enter multiple traits separated by commas 

 Examples: "BMI,CRP", "Height,Weight,BMI" 

 Maximum: 5 exposure traits recommended 

Supported Traits (Auto-mapped): 

 BMI (Body Mass Index) 

 CRP (C-reactive Protein)  

 Type2Diabetes 

 Height 

 LDL (Low-density Lipoprotein) 

Step 3: Specify Outcome Trait 

 Enter the outcome phenotype of interest 

 Use consistent naming with exposure traits 

 Example: "Type2Diabetes", "CoronaryArteryDisease" 

Step 4: Set P-value Threshold 

 Default: 5e-5 (genome-wide suggestive significance) 

 Range: 1e-8 to 0.05 

 Lower values = stricter filtering, fewer SNPs 

 Higher values = more inclusive, potential false positives 

Recommended Settings: 

Common Diseases: 5e-6 to 5e-5 

Rare Diseases: 1e-5 to 1e-4 

Quantitative Traits: 1e-6 to 5e-6 

Step 5: Select Data Sources 

Available Repositories: 

 □ GWAS Catalog (EBI) - Published GWAS associations 
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 □ OpenGWAS (MRC IEU) - Harmonized summary statistics 

 □ 1000 Genomes - Population allele frequencies 

 □ Ensembl - Genomic annotations and variants 

 □ UK Biobank - Large-scale cohort data 

 □ FinnGen - Finnish population genetics 

 □ CNCR CTGLAB - Chinese GWAS consortium 

Selection Strategy: 

 Comprehensive Analysis: Select all sources 

 High-Quality Data: GWAS Catalog + OpenGWAS + UK Biobank 

 Population-Specific: Choose relevant ancestry databases 

 Frequency Data: Include 1000 Genomes + Ensembl 

Step 6: Execute Data Fetch 

1. Click □ Fetch GWAS Data button 

2. Monitor progress bar and status messages 

3. Wait for completion (typically 30-120 seconds) 

4. Review success/error messages 

Step 7: Review and Download Results 

Success Indicators: 

 Green status messages with SNP counts 

 Download cards populated with file information 

 Data preview showing actual records 

Output Files: 

1. Exposure_Traits_Real_GWAS_Data.csv - Harmonized exposure data 

2. Outcome_Trait_Real_GWAS_Data.csv - Harmonized outcome data 

File Contents: 

 Minimum 10 overlapping SNPs required 

 Standardized column formats for MR analysis 

 Source attribution for each variant 

 Quality-controlled statistical values 

4.5 Configuration Options 

4.5.1 Analysis Parameters 

P-value Threshold Options: 

 

5e-8    # Genome-wide significance 

5e-6    # Suggestive significance   

5e-5    # Conservative threshold (default) 

1e-4    # Liberal threshold 

0.05    # Nominal significance 

Maximum SNPs per Dataset: 

 Default: 100 SNPs (balanced computational efficiency) 

 Range: 10-500 SNPs 

 Higher values increase harmonization success but slow processing 

4.5.2 Data Source Configuration 

Trait Auto-Mapping Table: 
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User Input GWAS Catalog OpenGWAS UK Biobank FinnGen Ensembl 

BMI body mass index ieu-a-2 BMI body_mass_index body_mass_index

CRP C-reactive protein ieu-a-7 CRP C_reactive_protein c_reactive_protein

Type2Diabetes Type 2 diabetes ieu-a-302 T2D diabetes_type_2 type_2_diabetes 

Height height ieu-a-3 Height height height 

LDL LDL cholesterol ieu-a-8 LDL LDL_cholesterol ldl_cholesterol 

Custom Trait Entry: 

 Enter exact trait names from target database 

 Use database-specific search tools for validation 

 Comma-separated for multiple exposures only 

4.5.3 Settings Persistence 

 Auto-save: Input parameters saved to browser localStorage 

 Session retention: Settings restored on page reload 

 Privacy: No data transmitted to external servers 

 Clear settings: Browser storage management 

4.6 Data Sources 

4.6.1 GWAS Catalog (EBI) 

 URL: https://www.ebi.ac.uk/gwas/ 

 Content: Published GWAS associations from peer-reviewed literature 

 Strengths: Comprehensive, curated, high-quality metadata 

 Limitations: May not include latest unpublished data 

 API: RESTful search with p-value filtering 

 Data Format: JSON with association records 

4.6.2 OpenGWAS (MRC IEU) 

 URL: https://gwas-api.mrcieu.ac.uk/ 

 Content: Harmonized summary statistics from multiple studies 

 Strengths: Standardized formats, extensive trait coverage 

 Limitations: European ancestry bias 

 API: Trait search + variant retrieval endpoints 

 Data Format: JSON arrays of variant statistics 

4.6.3 1000 Genomes Project 

 URL: https://api.ncbi.nlm.nih.gov/variation/ 

 Content: Reference population allele frequencies 

 Strengths: Global population representation, high-quality genotyping 

 Limitations: No association statistics (frequency data only) 

 API: RefSNP endpoint for variant information 

 Data Format: JSON with allele frequency data 

4.6.4 Ensembl 

 URL: https://rest.ensembl.org/ 

 Content: Genomic annotations and variation data 

 Strengths: Comprehensive functional annotations 

 Limitations: Limited association statistics 

 API: Variation endpoint with allele frequency data 
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 Data Format: JSON variant objects 

4.6.5 UK Biobank 

 URL: https://biobank.ndph.ox.ac.uk/ 

 Content: Large-scale population cohort GWAS 

 Strengths: Extensive phenotyping, high statistical power 

 Limitations: Access restrictions, European-focused 

 API: Summary statistics endpoint 

 Data Format: Structured variant records 

4.6.6 FinnGen 

 URL: https://www.finngen.fi/en 

 Content: Finnish population biobank GWAS 

 Strengths: Unique founder population, rare variant enrichment 

 Limitations: Population-specific, smaller sample size 

 API: Summary statistics API 

 Data Format: Chromosome-position based identifiers 

4.6.7 CNCR CTGLAB 

 URL: https://cngb4.cngb.org/ 

 Content: Chinese population GWAS data 

 Strengths: East Asian ancestry representation 

 Limitations: Language barriers, limited documentation 

 API: CNCR-specific endpoints 

 Data Format: Standard GWAS summary statistics 

4.7 Troubleshooting 

Common Issues and Solutions 

Issue 1: "No overlapping SNPs found" 

Cause: No variants meet p-value threshold in both datasets 

Solution:  

- Increase p-value threshold (try 1e-4 or 0.05) 

- Verify trait names are correctly mapped 

- Select additional data sources 

- Check if traits have sufficient GWAS data available 

Issue 2: "Failed to fetch from [source]" 

Cause: API rate limiting, network issues, or endpoint changes 

Solution: 

- Wait 1-2 minutes and retry 

- Check internet connection 

- Try fewer data sources initially 

- Verify API endpoints are accessible 

Issue 3: "No valid GWAS data retrieved" 

Cause: Trait names not recognized by any database 

Solution: 

- Use predefined trait names (BMI, CRP, Type2Diabetes, etc.) 

- Check spelling and capitalization 

- Search target databases for exact trait identifiers 
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- Try alternative trait nomenclature 

Issue 4: Empty download files 

Cause: Harmonization failed or no significant variants found 

Solution: 

- Review status messages for specific errors 

- Ensure minimum 10 overlapping SNPs 

- Check p-value threshold is appropriate for traits 

- Verify data sources contain relevant phenotypes 

Issue 5: Browser compatibility problems 

Solution: 

- Use modern browser (Chrome 80+, Firefox 75+) 

- Disable ad blockers that may interfere with API calls 

- Clear browser cache and localStorage 

- Try incognito/private browsing mode 

Performance Optimization 

Slow Processing: 

 Reduce number of data sources (start with 2-3) 

 Increase p-value threshold to retrieve fewer variants 

 Use univariate MR instead of multivariate 

 Close other browser tabs to free memory 

Memory Issues: 

 Limit maximum SNPs to 50-100 

 Clear browser cache regularly 

 Use desktop browser instead of mobile 

 Disable browser extensions 

Data Quality Verification 

Validate Results: 

1. Check SNP Count: Minimum 10 overlapping SNPs required 

2. Verify P-values: All should be < specified threshold 

3. Examine Effect Sizes: β values should be reasonable (-2 to +2 typical) 

4. Confirm Allele Frequencies: EAF between 0.01-0.99 

5. Review Sources: Ensure diverse data origins 

6. Test in MR Software: Import CSV files into R/MendelianRandomization 

Quality Metrics: 

Good Quality: >50 SNPs, p < 5e-6, SE < 0.1, diverse sources 

Acceptable: 10-50 SNPs, p < 5e-5, SE < 0.2, 2+ sources 

Poor: <10 SNPs, p > 1e-4, SE > 0.5, single source 

 

5 Technical Specifications 

5.1 API Integrations 

5.1.1 HTTP Client Configuration 

javascript 

// Request Headers 

headers: { 
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    'Accept': 'application/json', 

    'User-Agent': 'GWAS-Data-Fetcher/1.0', 

    'Content-Type': 'application/json' 

} 

 

// Rate Limiting 

await new Promise(resolve => setTimeout(resolve, 500)); // 500ms delay 

 

// Error Handling 

if (!response.ok) { 

    throw new Error(`HTTP ${response.status}: ${response.statusText}`); 

} 

5.1.2 API Endpoints 

GWAS Catalog: 

GET https://www.ebi.ac.uk/gwas/api/search?q={trait}&pvalfilter={threshold} 

Response: JSON with _embedded.associations array 

OpenGWAS: 

GET https://gwas-api.mrcieu.ac.uk/traits?search={trait} 

GET https://gwas-api.mrcieu.ac.uk/variants/{traitId}?pval={threshold} 

Response: JSON trait list and variant arrays 

1000 Genomes: 

GET https://api.ncbi.nlm.nih.gov/variation/v0/refsnp/{rsid} 

Response: JSON with primary_snapshot_data.placements_with_allele 

Ensembl: 

GET https://rest.ensembl.org/variation/human?content-type=application/json 

Response: JSON array of variant objects 

5.2 Data Standards 

5.2.1 Record Structure 

const standardizedRecord = { 

    snp: "rs12345",                    // Uppercase rsID 

    beta: -0.123,                      // Effect size (log OR or standardized) 

    se: 0.045,                         // Standard error 

    pval: 1.23e-06,                    // P-value (0-1 range) 

    eaf: 0.234,                        // Effect allele frequency [0.01-0.99] 

    otherAllele: "A",                  // Reference allele 

    effectAllele: "G",                 // Effect allele   

    source: "gwas",                    // Data source identifier 

    trait: "BMI",                      // Phenotype name 

    timestamp: "2023-12-01T10:30:00Z"  // ISO 8601 datetime 

}; 

5.2.2 Quality Control Filters 

Essential Filters: 

1. SNP identifier present and valid 

2. P-value < user-specified threshold (default: 5e-5) 
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3. Beta coefficient numeric and non-zero (|β| > 0.001) 

4. Standard error positive and reasonable (SE > 0, SE < |β|) 

5. Effect allele frequency in valid range [0.01, 0.99] 

Warning Filters: 

1. Extreme effect sizes (|β| > 5) - potential outliers 

2. Very small standard errors (SE < 0.001) - possible errors 

3. Perfect p-values (p = 0) - numerical precision issues 

4. Missing allele information - incomplete records 

5.3 Error Handling 

5.3.1 Error Classification 

Network Errors: 

 HTTP 429: Rate limiting - implement exponential backoff 

 HTTP 503: Service unavailable - retry with delay 

 Network timeout: Increase timeout or retry 

Data Errors: 

 Empty responses: Skip source, log warning 

 Malformed JSON: Graceful degradation, continue with other sources 

 Missing required fields: Filter out invalid records 

 Invalid numeric values: Replace with null, exclude from analysis 

Validation Errors: 

 No overlapping SNPs: Inform user, suggest parameter adjustment 

 Insufficient data quality: Provide quality metrics and recommendations 

 Trait mapping failures: Fall back to raw trait names 

5.3.2 Graceful Degradation 

Partial Failures: 

 Single source failure doesn't stop overall process 

 Continue with available successful sources 

 Log detailed error information for debugging 

 Maintain data from working sources 

Fallback Strategies: 

1. Primary: All selected sources 

2. Secondary: GWAS Catalog + OpenGWAS only 

3. Tertiary: Single best available source 

4. Emergency: Inform user of limitations 

5.4 Performance Considerations 

5.4.1 Algorithmic Efficiency 

Time Complexity: O(n × m × k) where: 

 n = number of data sources (7 maximum) 

 m = variants retrieved per source (1000s) 

 k = standardization operations (constant) 

Space Complexity: O(p + q) where: 

 p = exposure dataset size 

 q = outcome dataset size 

Memory Optimization: 
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 Process sources sequentially, not in parallel 

 Clear intermediate data after standardization 

 Limit dataset sizes through p-value filtering 

 Use Set data structures for SNP operations 

5.4.2 Network Optimization 

API Call Strategy: 

 Sequential processing with 500ms delays 

 Maximum 7 concurrent sources 

 Request only necessary fields 

 Cache trait mappings locally 

Data Transfer Reduction: 

 Filter at source using p-value parameters 

 Request paginated results when available 

 Compress responses when supported 

 Skip sources with known empty results 

Browser Performance: 

 Asynchronous processing with progress updates 

 Limit DOM manipulations during processing 

 Use efficient data structures (Sets for SNPs) 

 Implement virtual scrolling for large previews 

 

6 Data Quality and Validation 

6.1 Quality Assurance Pipeline 

6.1.1 Input Validation 

Trait Names: Match against known mappings or accept raw input 

P-value: Parse scientific notation, validate range [0,1] 

Sources: Verify selected sources are valid API endpoints 

Analysis Type: Validate univariate vs multivariate configuration 

6.1.2 Data Retrieval Validation 

Per-Source Checks: 

 HTTP status code 200-299 

 JSON response parsable 

 Minimum expected data structure present 

 Rate limiting headers respected 

Data Completeness: 

 Required fields present (SNP, beta, SE, p-value) 

 Numeric fields properly formatted 

 Allele information complete where available 

6.1.3 Statistical Validation 

P-value Distribution: 

 Expected: Right-skewed with peak near 0 

 Warning: Uniform distribution suggests data issues 

 Error: All p-values identical or zero 

Effect Size Validation: 

39



Network Pharmacology, 2026, 11(1-2): 1-44 

 IAEES                                                                                      www.iaees.org    

 Range: Typically -2 to +2 for log-odds ratios 

 Distribution: Should approximate normal around 0 

 Outliers: Flag |β| > 3 for manual review 

Standard Error Assessment: 

 Range: 0.001 < SE < 1.0 typical 

 Relationship: SE should be < |β| for significant SNPs 

 Precision: Warn if SE < 1e-6 (numerical issues) 

6.1.4 Harmonization Quality 

Overlap Assessment: 

Excellent: >100 overlapping SNPs 

Good: 50-100 overlapping SNPs   

Acceptable: 10-50 overlapping SNPs 

Poor: <10 overlapping SNPs (re-run recommended) 

Source Diversity: 

 Ideal: 3+ different data sources represented 

 Acceptable: 2 data sources 

 Single source: Limited generalizability 

Consistency Checks: 

 Effect directions should vary across traits 

 Allele frequencies should be plausible 

 P-value ordering should correlate with effect sizes 

6.2 Validation Metrics 

6.2.1 Summary Statistics 

Generated Output: 

Total SNPs Retrieved: X from Y sources 

Overlapping SNPs: Z (Z/X * 100% overlap rate) 

P-value Range: min_p - max_p 

Effect Size Range: min_β - max_β   

Sources Used: source1 (n1), source2 (n2), ... 

Processing Time: HH:MM:SS 

6.2.2 Quality Scores 

Data Quality Score (0-100): 

Score = 25 * (overlap_count / 100)  

      + 25 * (source_diversity / 7)  

      + 25 * (pval_significance)  

      + 25 * (effect_size_reasonableness) 

Interpretation: 

 80-100: Excellent quality, ready for analysis 

 60-79: Good quality, minor concerns 

 40-59: Acceptable, requires validation 

 <40: Poor quality, re-run recommended 

6.3 Downstream Compatibility 

6.3.1 R Package Integration 

TwoSampleMR Format: 
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r 

# Direct import compatibility 

exposure_dat <- read_exposure_data("Exposure_Traits_Real_GWAS_Data.csv") 

outcome_dat <- read_outcome_data("Outcome_Trait_Real_GWAS_Data.csv") 

 

# Harmonization (already performed) 

mr_results <- harmonise_data(exposure_dat, outcome_dat) %>% mr() 

MendelianRandomization Format: 

r 

# CSV import 

exposure <- read.csv("Exposure_Traits_Real_GWAS_Data.csv") 

outcome <- read.csv("Outcome_Trait_Real_GWAS_Data.csv") 

 

# Create MR InputObjects 

mr_input <- mr_input(bx = exposure$beta, bxse = exposure$se,  

                     by = outcome$beta, byse = outcome$se, 

                     snp = exposure$SNP, exposure = "BMI", outcome = "T2D") 

6.3.2 Python Integration 

mvmr Package: 

python 

import pandas as pd 

from mvmr import MVMR 

 

# Load harmonized data 

exposure = pd.read_csv("Exposure_Traits_Real_GWAS_Data.csv") 

outcome = pd.read_csv("Outcome_Trait_Real_GWAS_Data.csv") 

 

# Prepare for multivariate MR 

mv_mr = MVMR(exposure, outcome) 

results = mv_mr.mv_multiple() 

Quality Control in R: 

r 

# Validate downloaded data 

library(TwoSampleMR) 

library(dplyr) 

 

# Check data structure 

head(exposure_dat) 

summary(exposure_dat$beta) 

hist(exposure_dat$pval, breaks=50) 

 

# Validate overlap 

length(intersect(exposure_dat$SNP, outcome_dat$SNP)) 
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# Check for palindromic SNPs 

palindromic <- is_palindromic(exposure_dat, 0.02, 0.98) 

sum(palindromic$palindromic) 

6.4 Best Practices 

6.4.1 Analysis Workflow 

Recommended Pipeline: 

1. Initial Run: Use default settings with all sources 

2. Quality Check: Verify minimum 10 overlapping SNPs 

3. Refinement: Adjust p-value threshold if needed 

4. Validation: Import into MR software, check results 

5. Sensitivity Analysis: Try different source combinations 

6. Documentation: Record parameters and quality metrics 

Parameter Selection Guide: 

Analysis Type P-value Max SNPs Sources Expected Overlap

Exploratory 5e-5 100 All 7 20-100 

Confirmatory 5e-6 50 Top 3 10-50 

Discovery 1e-4 200 All 7 50-200 

Rare Traits 1e-3 20 All 7 5-20 

6.4.2 Interpretation Guidelines 

Successful Harmonization: 

 Multiple independent SNPs (≥3) with consistent directions 

 P-values genome-wide significant (p < 5e-8) or suggestive (p < 5e-6) 

 Effect sizes biologically plausible 

 Results robust to sensitivity analyses 

Problematic Results: 

 Single SNP results (winner's curse) 

 Inconsistent effect directions across sources 

 Extremely large effect sizes (|β| > 2) 

 No replication across data sources 

Reporting Standards: 

 Document all parameters used 

 Report number of SNPs and sources 

 Include quality control metrics 

 Perform sensitivity analyses 

 Discuss population stratification limitations 

 

7 Appendix 

A.1 Glossary 

GWAS (Genome-Wide Association Study): Method to identify genetic variants associated with traits or 

diseases by testing millions of SNPs across the genome. 

Mendelian Randomization (MR): Analytical method using genetic variants as instrumental variables to infer 

causal relationships between exposures and outcomes. 
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Summary Statistics: GWAS results including effect sizes (β), standard errors (SE), p-values, and allele 

frequencies for each SNP-trait association. 

Instrumental Variable (IV): Genetic variant satisfying MR assumptions (relevance, independence, exclusion 

restriction) used to infer causality. 

Harmonization: Process of aligning genetic data from different sources by matching SNPs, standardizing 

alleles, and ensuring consistent effect directions. 

Effect Allele Frequency (EAF): Proportion of the population carrying the effect (risk-increasing) allele at a 

given SNP. 

A.2 References 

1. Primary Data Sources: 

o GWAS Catalog: https://www.ebi.ac.uk/gwas/ 

o OpenGWAS: https://gwas.mrcieu.ac.uk/ 

o 1000 Genomes: https://www.internationalgenome.org/ 

o Ensembl: https://ensembl.org/ 

o UK Biobank: https://www.ukbiobank.ac.uk/ 

o FinnGen: https://www.finngen.fi/en 

o CNCR CTGLAB: https://cngb4.cngb.org/ 

2. Methodological References: 

o Burgess S, Butterworth A, Thompson SG. Mendelian randomization analysis with multiple 

genetic variants using summarized data. Genet Epidemiol. 2013 

o Hemani G, et al. The MR-Base platform for systematic causal inference across the human 

phenome. eLife. 2018 

o Buniello A, et al. The NHGRI-EBI GWAS Catalog of published genome-wide association 

studies. Nat Genet. 2019 

3. Software Integration: 

o TwoSampleMR R package: https://mrcieu.github.io/TwoSampleMR/ 

o MendelianRandomization R package: https://webpass.crd.ed.ac.uk/ 

o mvmr Python package: https://github.com/UK-Biobank/mvmr 

A.3 License and Usage 

License: MIT License - Free for academic and non-commercial use 

Restrictions:  

 Do not redistribute without attribution 

 Respect API usage policies of source databases 

 Cite original GWAS studies when publishing results 

 Commercial use requires separate licensing 

Attribution Requirements: 

When using data from this tool in publications: 

1. Cite the original GWAS studies (accessible via source links) 

2. Acknowledge the data integration tool: "GWAS summary statistics were retrieved and harmonized 

using the Multi-Source GWAS Data Fetcher (version 1.0)" 

3. Include parameter settings used for reproducibility 
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