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Regeneron Genetics Center (RGC)
Established in 2014 and is now one of the largest operational human sequencing efforts

SAMPLE
BIOBANKING

LIBRARY PREPARATION 
AND EXOME CAPTURE

ILLUMINA-BASED 
SEQUENCING

CLOUD BASED INFORMATICS 
& ANALYSIS

Mission:
Taking large scale human genetics to the next level for target discovery, support 

existing targets and identify novel indications
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Regeneron Genetics Center: 
Unprecedented Speed, Scale & Integration

All accomplished in just the first 9 years!
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RGC has the most diverse collection and 
catalogue of human coding variation to date
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Exome sequencing of all 500,000 UK Biobank participants

• Regeneron led consortium of commercial companies.
• All 500,000 sequences made available in mid-2022.
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• Rare predicted loss of function coding variants in GPR75 for 
heterozygous carriers found to be associated with  
§ Lower BMI (-1.8 kg/m2)
§ Lower body weight (~5.3 kg or 11.6 lbs lower)
§ Protection against obesity (54% lower odds)

Akbari et al., Science 2021
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Diverse RGC cohorts:  Novel genetic discoveries and therapeutic targets

Verweij et al. (2022)  N Engl J Med 387:332-344
Akbari et al. (2022) Nat Commun 13, 4844 

Rare predicted loss-of-function variants plus 
missense variants in CIDEB associated with 
33% lower odds of liver disease of any cause 

Association with favorable fat distribution 
(p= 1.8 × 10−09), favorable metabolic profile and 
protection from type 2 diabetes (~28% lower 
odds; p= 0.004) for heterozygous protein-truncating 
mutations in INHBE
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The UK Biobank Imaging Study
• Aims to collect brain, heart, and abdomen scans from 100,000 participants.
• Repeat set of imaging on 60,000 participants.
• Raw images available, but derived phenotypes appear more slowly
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Can UKB whole body MRI be used to assess breast density?

Breast density has a strong genetic component

2 GWAS (BCAC and Kaiser) have identified 46 independent 
genome-wide significant breast density loci for three 
measures of breast density: dense area, non-dense area, and 
percent dense area, from mammograms. No ExWAS has been 
conducted to date

1McCormack and dos Santos Silva. CEPB 2006 15:1159-1169
2Boyd, NF et al. Lancet Oncology 2005 6:798-808
3Cuzick, J et al. JNCI 2011 103:744-752

4Boyd, NF et al. NEJM 2002 347:886-894 5Lindström, S, et al. Nat Gen. 2011 43(3):185-187
6Lindström, S, et al. Nat Comms. 2014 5(1):1-8
7Sieh, W, et al. Nat Comms. 2020 11(1) :5116

Breast density is a risk factor for breast cancer, independent of other known risk factors 1

• Women with density > 75% have an increased risk (range across 4 studies: 2.82-5.99) 
compared to women with < 10% density 2

• Approximately 1/3 of breast cancer risk may be attributable to density (2 studies, 
attributable risk percent = 28% and 33%) 2

• Breast density is modifiable—tamoxifen-induced reduction of density decreases the 
risk of subsequent breast cancer 3

Non-Dense 

• Fatty Tissue

Dense (Fibroglandular)

• Fibrous tissue

• Glandular tissue

Sieh, W, et al. Nat Comms. 2020 11(1) :1-11 Mammography GWAS (N=24,192)
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GWAS with MRI-derived Breast Density Phenotypes
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Genetic associations with MRI-derived dense volume recapitulate associations with known breast density loci

Dense Volume (N=18,129)

Internal (y-axis) and external (x-axis) effect
estimates are directionally consistent at 26
variants across previously published loci

External Effect Size
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https://rgcgithub.github.io/regenie/

Data at this scale requires highly efficient and flexible analysis

https://rgcgithub.github.io/regenie/
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Efficient meta-analysis of gene-based tests 
(REMETA) 
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Mask definitions
• Annotations
• allele frequencies

P-value  [1]

S1   S2   S3    S4    S5    S6    S7 Score stats

SNP LD 
matrix

Phenotype Exome variants

23
34
19
25
26
32
31
18
24
22

Advantages
• Works for Burden and SKAT tests [1]
• Easy to change mask definition
• Amenable to meta-analysis [2,3,4] i.e. metaSKAT and metaSTARR

[1] Lee et al. (2012) AJHG 91(2): 224–237
[2] Lee at al. (2013) AJHG 93(1):42–53 
[3] Liu et al. (2014) NatGen 46(2):200-4 
[4] Li et al. (2023) NatGen 55(1): 154–164.
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Disadvantages
Calculating and keeping track of LD matrices per trait



Gene-based meta-analysis on an industrial scale

Challenge scale/ease-of-use when there are many cohorts, phenotypes/sub-phenotypes…

Sparse LD has no effect on gene 
p-values 

Sparse LD can be stored compactly Using a reference LD file per cohort 
is accurate



Meta-analysis workflow
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RGC Author Assignment Title Presentation Date Presentation Time Location ***

Kuan-Han Wu Platform Rare variants associated with prostate cancer risk discovered from 255,640 male exomes influence risk of prostate 
cancer metastasis 02 November 2023 9:15 a.m. – 9:30 a.m. Conv Ctr/Room 146B/Level 1

Joelle Mbatchou Poster Using protein language model annotations to improve the power of exome-wide association studies (PB4424) 02 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Vijay Kumar Poster Population-scale analysis of the trinucleotide repeat expansion in the Huntingtin gene (HTT) from 854,251 human 
exomes (PB1723) 02 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Yuxin Zou Poster Joint fine-mapping of single variants and gene-based tests from exome sequencing and genotype imputation (PB4238) 02 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Veera Rajagopal Platform Discovering genes linked to both cognition and psychiatric disorders through analysis of 888,052 exomes 03 November 2023 2:15 p.m. – 2:30 p.m. Conv Ctr/Ballroom B/Level 3

Rujin Wang Platform A large-scale meta-analysis of genome-wide association studies reveals genetics underlying Parkinson’s Disease 
leveraging electronic health records 03 November 2023 2:30 p.m. – 2:45 p.m. Conv Ctr/Room 207A/Level 2

Arden Moscati Poster Genetic ancestry-based case-control matching to improve power to trait-specific association analysis (PB4158) 03 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Ariane Ayer Poster Phenome-wide genetic associations of educational attainment with mental and behavioral disorders (PB1706) 03 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Liron Ganel Poster Rare variant analysis of MRI-derived fat distribution phenotypes strengthens detected effects compared to larger meta-
analysis (PB1754) 03 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Sahar Gelfman Poster A large meta-analysis identifies genes associated with Anterior Uveitis (PB1313) 03 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Tyler Joseph Poster REMETA: Efficient meta-analysis of gene-based tests in large-scale genetic studies (PB4350) 03 November 2023 3:00 p.m. – 5:00 p.m. Exhibit & Poster Hall, Halls A/B

Jack Kosmicki Platform Exome sequencing of >1 million individuals identifies 209 genes associated with adult human height 04 November 2023 10:45 a.m. – 11:00 p.m. Conv Ctr/Room 202A/Level 2

Blair Zhang Poster Genetic risk score in age-related macular degeneration subtypes across electronic health record cohorts (PB4168) 04 November 2023 2:15 p.m. – 4:15 p.m. Exhibit & Poster Hall, Halls A/B

Manav Kapoor Poster Genome-wide exploration of positively selected loci and their association to disease phenotypes in 30,000 individuals 
from Sri Lanka and Bangladesh (PB3072) 04 November 2023 2:15 p.m. – 4:15 p.m. Exhibit & Poster Hall, Halls A/B

Sophia Praggastis Poster A genome-wide meta-analysis connects iron homeostasis to metabolic disease through poly-unsaturated fatty acid 
synthesis (PB1308) 04 November 2023 2:15 p.m. – 4:15 p.m. Exhibit & Poster Hall, Halls A/B

Kathy Burch Platform Leveraging ~937K exomes to estimate cancer risk conferred by rare deleterious germline variants in hereditary cancer 
risk genes 05 November 2023 10:00 a.m. – 10:15 a.m. Conv Ctr/Room 202A/Level 2

*** Location: Walter E. Washington Convention Center

RGC presentations at ASHG


