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Regeneron Genetics Center (RGC)

Established in 2014 and is now one of the largest operational human sequencing efforts
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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

~500,000 ~2M 120+

additional exomes research
exomes to be sequenced collaborations
sequenced to date

RGC

Regeneron Genetics Center

NUMEROUS MULTIPLE >95%

existing targets & potential new of genes with
development drug targets identified LOF
programs identified carrier(s)
validated

All accomplished in just the first 9 years!

RGC has the most diverse collection and
catalogue of human coding variation to date
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Hospital and Drugmaker Move to
Build Vast Database of New Yorkers’
DNA

Patients will be asked if their genetic sequence can be added to a
database — shared with a pharmaceutical company — in a
quest to cure a multitude of diseases.

@ Give this article o N o7

5 > s, o
} e L : _—
Wilbert Gibson is a Mount Sinai patient who agreed to let the hospital system use his

genetic information in research for treatment of a variety of diseases. Hiroko
Masuike/The New York Times
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Exome sequencing of all 500,000 UK Biobank participants

The exons are the 1-2% of the genome that encode the proteins.
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* Regeneron led consortium of commercial companies.
* Al 500,000 sequences made available in mid-2022.
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HOME > SCIENCE > SEQUENCING OF 640,000 EXOMES IDENTIFIES GPR75 VARIANTS ASSOCIATED WITH PROTECTION FROM OBESITY
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Sequencing of 640,000 exomes identifies GPR75 vari-

ants associated with protection from obesity
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Subgroup meta-analysis results
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Beta (95% Cl)
in SDs of BMI

-0.48 (-0.82,-0.13)
-0.27 (-0.52, -0.02)
-0.34 (-0.49, -0.19)
-0.34 (-0.46, -0.22)

* Rare predicted loss of function coding variants in GPR75 for

heterozygous carriers found to be associated with

Genetic deletion
of Gpr75 in mice

Genotypes
(RR|RA|AA)

95,816|30/0
121,010/510
428,572|147|0
645,398|228]0

p-value

7.1E-03
3.6E-02
6.6E-06
2.6E-08

high-fat diet

Lower BMI (-1.8 kg/m?)
Lower body weight (~5.3 kg or 11.6 Ibs lower)
Protection against obesity (54% lower odds)

Weight gain

14 weeks

challenge

Beta (95% Cl)
in kg/m? of BMI

26 (-4.4,-0.7)
1.4 (-2.8,-0.1)
1.8(-2.6,-1)
1.8 (-25,-1.2)

Beta (95% Cl)
in kg of body weight

74 (-128,-2)
42 (-8,-0.3)
5.3 (-7.6,-3)

5.3(-7.1,-3.4)
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Diverse RGC cohorts: Novel genetic discoveries and therapeutic targets

nature communications 8
The NEW ENGLAND JOURNAL of MEDICINE

Article https://doi.org/10.1038/s41467-022-32398-7

Multiancestry exome sequencing reveals ‘
INHBE mutations associated with favorable
fat distribution and protection from diabetes

ORIGINAL ARTICLE ‘

Germline Mutations in CIDEB and Protection
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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 x 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 Blobank 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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Detailed MRI measures
of the structure of the
brain, including the

Ultrasound of the two
arteries that take blood

connections between to the brain.
different parts of
the brain.
\ Targeting the way fat ®.
is distributed in the (“
abdomen, including
around the liver Detailed assessment of
and pancreas. the heart, including

thickness of the heart wall,
and how the heart

changes as it pumps blood

around the body.

—

Bone measurements,
including fractures, with

a focus on the spine,
hips and knees.




Can UKB whole body MRI be used to assess breast density?

Muscle

Breast density is a risk factor for breast cancer, independent of other known risk factors?
*  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
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measures of breast density: dense area, non-dense area, and
percent dense area, from mammograms. No EXWAS has been
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Step 1 : Segment breasts Ground truth breast

segmentations from 122 subjects (~5,000 2D images) were Step 2 : Measure density

used to train a U-Net model within breasts Water and fat-
Example Segmentation of a fraction maps were generated

subject with Dense Breasts and used to derive:

U-Net
Water

Water+Fat

Dense Volume (DV) =

at

Non-Dense Volume (NDV) = ——

Predicted Water+Fat

mi Segmentation

Water Images Fat Images

Person 1 - Water | Person 2 - Water | Person 3 - Water | Person 4 - Water | Person 5 - Water | Person 6 - Water
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GWAS with MRI-derived Breast Density Phenotypes

Genetic associations with MRI-derived dense volume recapitulate associations with known breast density loci

Internal (y-axis) and external (x-axis) effect
estimates are directionally consistent at 26
variants across previously published loci
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Data at this scale requires highly efficient and flexible analysis

Technical Report | Published: 20 May 2021

Computationally efficient whole-genome regression
for quantitative and binary traits

Joelle Mbatchou, Leland Barnard, Joshua Backman, Anthony Marcketta, Jack A. Kosmicki, Andrey h tt p S :// rg Cg it h u b . g it h u b . i O/ re ge n i e/

Ziyatdinov, Christian Benner, Colm O’Dushlaine, Mathew Barber, Boris Boutkov, Lukas Habegger,

Manuel Ferreira, Aris Baras, Jeffrey Reid, Goncalo Abecasis, Evan Maxwell & Jonathan Marchini

Nature Genetics 53, 1097-1103 (2021) | Cite this article

regenie Home Overview Install Documentation Performance UKBB Analysis F.AQ. Q Search € Previous Next =

regenie ‘

o
Citation regenle
Sleanas regenie is a C++ program for whole genome regression modelling of large genome-wide association studies.
Contact It is developed and supported by a team of scientists at the Regeneron Genetics Center.

The method has the following properties

e It works on quantitative and binary traits, including binary traits with unbalanced case-control ratios
e It can handle population structure and relatedness

e |t can process multiple phenotypes at once efficiently

e For binary traits, it supports Firth logistic regression and an SPA test

e |t can perform gene/region-based tests (Burden, SKAT/SKATO, ACATV/ACATO)

e |t can perform interaction tests (GxE, GxG) as well as conditional analyses

e Itis fast and memory efficient &

e It supports the BGEN, PLINK bed/bim/fam and PLINK2 pgen/pvar/psam genetic data formats

RGC e Itis ideally suited for implementation in Apache Spark (see GLOW)
e |t can be installed with Conda @


https://rgcgithub.github.io/regenie/

Efficient meta-analysis of gene-based tests
(REMETA)

RGC
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Phenotype

Score stats

SNP LD
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Exome variants
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Advantages

 Works for Burden and SKAT tests [1]

e Easy to change mask definition

« Amenable to meta-analysis [2,3,4] i.e. metaSKAT and metaSTARR

Disadvantages
Calculating and keeping track of LD matrices per trait

Mask definitions

« Annotations ‘ P-value [1]

« allele frequencies

[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.



Gene-based meta-analysis on an industrial scale

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

UKB Freeze 450 EUR
BMI

25

- n
(&) o

-log10(Sparse LD pval)
5

0 5 20 25

10 15
-log10(Full LD pval)

Sparse LD has no effect on gene
p-values

Size (Gb)

60

40

20

UKB Freeze 450 EUR
BMI

<2 N 2 &
Q@e g 2 o Q@?@Q&J@\ Q}\\o
SR <& SO Q®
O & O g %

<@ < A o o)

SO R &
S{° Q\QﬁQ@Q, 0QQ
S S 3

Source

Sparse LD can be stored compactly

UKB 450K EUR (100K Downsample)
Liver Disease (Case Control Ratio 1:36)
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Meta-analysis workflow

Cohort 1

Sparse LD
per gene

Trait N

REGENIE
run

Annotations

Cohort 2

Sparse LD
per gene

Trait 1
*

Trait N

REGENIE
run

Meta-analysis
using REMETA

Cohort 3

Sparse LD
per gene

Trait N

REGENIE
run

Cohort 4

Sparse LD
per gene

Trait N

REGENIE
run




RGC presentations at ASHG

RGC Author  Assignment Presentation Date Presentation Time Location
Kuan-Han Wu Platform (F:{:rzie\:’ar::gztzzissociated with prostate cancer risk discovered from 255,640 male exomes influence risk of prostate 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 eP)?g;I:;ic();-;ﬁIZes?nalysis of the trinucleotide repeat expansion in the Huntingtin gene (HTT) from 854,251 human 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 i:\l/z:gaz-iizaé?egféi-igr;]aelglstiﬁ rogcgéerggme-wide association studies reveals genetics underlying Parkinson’s Disease 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 ;{r?gley;iasri(apnéf;wgllt);sis of MRI-derived fat distribution phenotypes strengthens detected effects compared to larger meta- 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 2:15p.m.—4:15p.m. Exhibit & Poster Hall, Halls A/B
Manav Kapoor Poster f(rsoe;osrr:iel-_v;/indfaeaxr?cllolgzt'iwc;rlmaczjfezcr)]s(igvs%igl)ected loci and their association to disease phenotypes in 30,000 individuals 04 November 2023 2:15 p.m. — 4:15 p.m. Exhibit & Poster Hall, Halls A/B
Sophia Praggastis Poster ,:ygtehneosri\;e(-;vgifs?:)ta-analysis connects iron homeostasis to metabolic disease through poly-unsaturated fatty acid 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 05 November 2023 10:00 a.m. — 10:15 a.m. Conv Ctr/Room 202A/Level 2

risk genes

*** Location: Walter E. Washington Convention Center




