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Golden Helix – Who We Are

Golden Helix is a global bioinformatics 

company founded in 1998.

GWAS

Genomic Prediction

Large-N Population Studies

Large-N CNV-Analysis

Variant Warehouse

Centralized Annotations

Hosted Reports

Sharing and Integration

Variant Calling

Filtering and Annotation

Clinical Reports

CNV Analysis

Pipeline: Run Workflows
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Golden Helix – Who We Are

When you choose a Golden Helix solution, you get more than just software

▪ REPUTATION

▪ TRUST

▪ EXPERIENCE

▪ INDUSTRY FOCUS

▪ THOUGHT 

LEADERSHIP

▪ COMMUNITY

▪ TRAINING

▪ SUPPORT

▪ RESPONSIVENESS

▪ TRANSPARENCY

▪ INNOVATION and 

SPEED

▪ CUSTOMIZATIONS



Core 

Features

Packages
Core Features

▪ Powerful Data Management

▪ Rich Visualizations 

(GenomeBrowse)

▪ Robust Statistics

▪ Flexible

Applications

▪ Genotype Analysis

▪ Agrigenomics Analysis

▪ DNA Sequence Analysis

▪ CNV Analysis

SNP & Variation Suite  (SVS)
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New and Enhanced Features

1 GWAS Workflows in SVS

Questions



GWAS Workflow in SVS

Import

• SNP & NGS Data

• Phenotype Data

• Genotype Imputation

QC

• Sample QC

• Marker QC

• Population Structure

Test

• Association Test

• Test Correction Techniques

• Multi-Variable Analysis

Review

• Visualization / Genomic Context

• Lambda / LD Regression

• Meta Analysis



Import and Data Harmonizing in SVS

▪ Prepare Analysis

- Genotype Data

- Phenotype Data

- Data Joins

- Genomic Mapping

- Remap using dbSNP

- Genomic Annotations

▪ Genotype Imputation

- Harmonize Multiple 

Platforms

- Use Public Controls

- Fill in Missing Genotypes

- Increase Density

Import

QC

Test

Review



Genotype Imputation using BEAGLE in SVS

Import

QC

Test

Review



Quality Control & Quality Assurance

▪ Sample QC:

- Call Rate / Het Rate

- Gender Checks

- Runs of Homozygosity

- IBD Testing

- Principle Component Analysis

- Mendelian Errors (Pedigree)

▪ Marker QC / Filtering

- Call Rate / HWE

- Minor Allele Frequency

- LD Pruning

- Genomic Annotations

▪ Further Recommendations

- QQ Plots after testing (covered later)

Import

QC

Test

Review Genetic Epidemiology 34:591-602 (2010)



Quality Control & Quality Assurance

Import

QC

Test

Review



Association Testing in SVS

▪ Genomic Model

- Basic Allelic Tests

- Genotypic Tests

- Additive Model

- Dominant Model

- Recessive Model

▪ Multiple Test Correction

- Bonferroni Adjustment

- False Discovery Rate

- Permutation Testing

Import

QC

Test

Review

▪ Test Statistic

- Correlation/Trend Test

- Armitage Trend Test

- Exact Form of Armitage Test

- (Pearson) Chi-Squared Test (+Yate’s)

- Fisher’s Exact Test

- Odds Ratio with Confidence Limits

- Analysis of Deviance

- F-Test

- Logistic Regression

- Linear Regression



Method for Specific Applications

▪ Haplotype Analysis

▪ PBAT Family Based Analysis

- With sample level pedigree data

▪ Collapsing Methods

- Complex trait analysis

- Gene and region based tests

▪ Agrigenomics

- Estimating Breeding Values

- Genomic Prediction

- Genetic Contribution of Traits

▪ Comparison of Multiple Traits

- Genetic Correlation

Import

QC

Test

Review



Test Correction Techniques

▪ The naïve approaches test a 
single marker with no correction

▪ Batch Effects, Population 
Structure and sharing of 
controls may violate 
assumptions of the naïve 
approaches and result in 
confounding of results.

▪ Stratification effects are more 
pronounced with larger sample 
sizes.

▪ Non-independence of samples 
is especially problematic in 
agrigenomic applications.

Example of uncorrected GWAS test

Lambda (λ) inflation factor of 2.48

Import

QC

Test

Review



Correcting for Population Stratification

▪ Regression with PCA Correction

- Accounts for the relationship between samples with Principal Components

- Need to know how many components to correct for

▪ EMMAX

- Adjusts for the pair-wise relationship between all samples using a kinship 
matrix

- Approximates the variance components and uses the same variance for all 
probes

- Tests a single locus at a time

▪ MLMM

- Adjusts for the pair-wise relationship between all samples using a kinship 
matrix

- Approximates the variance components and uses the same variance for all 
probes, but re-computes at every step

- Stepwise EMMAX, assumes multiple loci are associated with the phenotype

▪ GBLUP

- Adjusts for the pair-wise relationship between all samples using a kinship 
matrix

Import

QC

Test

Review



Review Test Results

- Test Statistics Results

- Sort, Review Counts

- Manhattan Plots

- Annotate genes

- Annotate phenotypes (PhoRank)

- Test Validity:

- Lambda

- Q-Q Plots

- Meta-Analysis

- Consider Other Statistics

- Correct for confounding trait 

(batch, population)

- Permutation testing

- LD Regression

Import

QC

Test

Review



Review Test Results

Import

QC

Test

Review



LD Score Regression

▪ Precompute LD Scores for 1.2 

million SNPs on two 

populations

▪ Join to your GWAS results

- Use RSID

▪ Two modes:

- Compute Heritability estimate

- Compute Genetic Correlation with 

additional traits

Bulik-Sullivan, et al. LD Score Regression 

Distinguishes Confounding from Polygenicity 

in Genome-Wide Association Studies. Nature 

Genetics, 2015.

(a) Population stratification

(b) Polygenic genetic architecture



GBLUP as Agrigenomic Workhorse

▪ Computes a Genome Relationship Matrix (GRM) faster and more memory 

efficiently than IBD (which is N2)

▪ Incorporates genomic relationship matrix (GRM) in mixed linear model 

framework to account for relatedness among samples

▪ Calculates allele substitution effect (ASE) for each SNP (directional)

▪ Computes estimated breeding values (GEBV) for samples

▪ Can predict phenotypes for samples with missing phenotype based on 

model trained on phenotyped samples

▪ Also calculates:

- Pseudo-heritability of trait

- Genetic component of trait variance

- Error component of trait variance



Enhanced GBLUP Capabilities for SVS 

▪ GBLUP Enhancements adopted from GCTA 

paper

- Alternative options for computing the genomic 

relationship matrix (GRM):

- Compute different GRM for sex (X) and use in 

mixed model association test

- The option to correct for gene by environment 

interactions based on an environment 

categorical variable

- Inbreeding coefficient f now output from all 

algorithms

▪ New analysis to estimate genetic correlation 

of two traits:

- Estimate the genetic variance of each trait and 

the genetic covariance between two traits that 

can be captured by all SNPs

Yang J, Lee SH, Goddard ME and Visscher PM. 

GCTA: a tool for Genome-wide Complex Trait 

Analysis. Am J Hum Genet. 2011 Jan 88(1): 76-82.

Lee SH, Yang J, Goddard ME, Visscher PM, Wray NR. 

Estimation of pleiotropy between complex diseases 

using single-nucleotide polymorphism-derived genomic 

relationships and restricted maximum 

likelihood. Bioinformatics. 2012;28(19):2540-2542. 



New Methods



GWAS Workflow in SVS

Import

• SNP & NGS Data

• Phenotype Data

• Genotype Imputation

QC

• Sample QC

• Marker QC

• Population Structure

Test

• Association Test

• Test Correction Techniques

• Multi-Variable Analysis

Review

• Visualization / Genomic Context

• Lambda / LD Regression

• Meta Analysis



Questions or 

more info:

▪ Email 

info@goldenhelix.com

▪ Request an evaluation of 

the software at 

www.goldenhelix.com

mailto:mcelroy@goldenhelix.com
http://www.goldenhelix.com/

