Experiences Sharing
Genomics Data

David Haussler

UNIVERSITY OF CALIFORNIA

SANTA CRIL et

h h m = | Howard Hughes
Medical Institute




PROBLEM: Genome data held in silos,

unshared, not standardized

e No one institute has enough on its own to make progress
e Every clinician should be able to compare their genomes to others
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We need a network to share
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Global Alliance
for Genomics & Health

Collaborate. Innovate. Accelerate.
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Federated analysis of cooperating genome databases &

Database 1 Database 2 Database 3 Database 4

Curation Curation Curation Curation

Search Search Search Search

Access

Analysis Analysis Analysis Analysis

Aggregate Results




< .
i\’ va Global Alliance

for Genomics & Health

FROM TO

Data Copying | ™= EEDECRUELTLE




Case Study: BRCA Exchange validated more than

65,000 genetic variants of the BRCA1 and 2 genes

Solution:

BRCA Exchange

BRCA Exchange aggregates "big data" contributes expert classifications for
on BRCA variants from research and THE BRCA EXCHANGE each variant

health care databases around the I N C LU D E s Patients, clinicians, and others can
globe. The Evidence-based INFORMATION FROM review these details to inform their
Network for the Interpretation of 32 COUNTRIES decisions on cancer prevention,
Germline Mutant Alleles (ENIGMA)* screening, and intervention
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How to share BRCA information from patients

e Variant interpretation relies on data from patients and their
families. It requires sharing treatments and outcomes.

e Patient information is private and cannot be shared directly.

e But, the information needed for variant interpretation is not the

iIndividual private, patient-level information. It is variant-level
summary data.

e \We can share the variant-level summary data.
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Privacy-preserving data sharing through

federated analysis
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Example: Federated analysis collaboration with

BioBank Japan

e BioBank Japan has a large cohort of cancer patients and controls, which they
cannot share directly.

e \We shared a Docker container with them to analyze their patient cohort

e The container generated variant-level data, which we are now using together
with the ENIGMA Consortium to interpret BRCA variants!
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2nd Case Study: California Institute for
Regenerative Medicine Stem Cell Genomics Hub

o233, Stém Cell Hub 84 TB of data in 180,170 files
e °° 3 CIRM
e B - — from 18 CIRM research labs
Browse Files View Datasets » Read Articles
Q m and download files R—. .U‘: atasets and assays E :?ij-vc\i..:wcato"s about CESCG

6.7 TB of that data is
currently publicly available;
the rest is pre-publication

The data are Machine-
Learning Ready*

https://cirm.ucsc.edu

*https://www.acd.od.nih.gov/documents/
presentations/12132019AI_FinalReport.pdf



Cell Browser

The Cell Browser is a software tool using a 2D viewer to represent

single-cell RNA expression
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Shows expression data for individual cells

Allows for a visual comparison of large
datasets consisting of many cells

| subtypes that support
ion trajectories

Includes overlays of metadata, marker gene
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Useful for comparing single-cell layout/batch
https://cells.ucsc.edu/ correction methods

Coordinated with Human Cell Atlas (HCA)
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Genome Browser

Scale 2 kio} | hgaa
cha; | 127,735,000 127,736,000 127,737,000 127,738,000] 127, 739,000 127,740,000 127,741,000 127,742,000 127,743,000
GEMCODE w32 Comprehenswe Transcript Set (only Basic displayed by default)
CASC11 11 C
CASCTIm v R [T |
CASC11
MYC I
wvC R MYC B ———m——n
e
MY G
MY G
VTS |
NCBI RefSeq genes, curated subset (NWLT, NR_™, NP_"or YP_™ Annotatlon Release NCBI Homo sapiens Updated Annotation Release 109 20190008 (2012-09- m)
CASC11NF_117102. 1 Y GV 001354870 1ﬁ
CASCT1NF_117101.1mm MYCNM_ 002457, 6

F’Fh'CaS GG Targets whole genome
I TR e om mm IIII BUUIEN T een IR

GTEX RNA-seq of 17382 samples, 948 donars (B, AUg 2015)

crisPR Targets ININNECHE T IRIRR IR0 e i IIIIII L L

Gene Expre55|on In 54 tissues from
CASC11_ 1

il |||I | ‘l |

ENCODE Candidate Cis-Regulatory Elements (¢ CRES) com bined from all cell types

ENCCDE cCRES [ ]
HIkZ27AC Mark (Often Found Mear Flegu\atorv Elem ents)on 7 cell lines from ENCODE

Layered H3KZ7AC - l

488 _ 100 vertebrates Basewise Conservation by PhyloP

Cons 100 Werts
4.5 _

MUILEZ Alignments of 100 Wertebrates
O O O, R A 1 O O
I[[]
D°gIIIIIIWIWWIIHNWIMM“WIWIMN | fil FH A T kwm W ol R AR
Elephant 1
i
® trop|ca||s []; |||| l

“Zebrafish

CrIM Allelic warant Phenoty pes

Gl Alleles
Short Genetic Varants from dbSNP release 153

Clinvar dbsMP(153)

o e 160, -i-.I--H—h-H—h—--I-H-H---L-IJ-HIHh—--_I--—- S Ee——
https://genome.ucsc.edu/



Gen-2 CIRM Data will be in the Data Biosphere

Scalable and interoperable computing resource for the genomics scientific community
NHLBI | s

Cloud-based infrastructure . Yy
Highly elastic; shared analysis and computing environment /| (% )\
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Data access and security BioData
e Genomic and single cell datasets, phenotypes and metadata m O

e Securely housed, large datasets generated by NHGRI, atonal CATA LYST
NHLBI, NCI, CZI funded programs and HCA community, as
well as other initiatives / agencies %AnVI L

Collaborative computing environment for datasets and
analysis workflows "3 LungMAP

Storage, scalable analytics, data visualization
Security, training & outreach, with new models of data

access
o ...for both users with limited computational expertise

and sophisticated data scientist users
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Case Study: SARS-CoV-2 Research Is generating

data at an astonishing pace

Jan 21, 2020 - Aug 30, 2020 4121 New in the Past 7 Days | 54917 Cumulative Papers
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In April 2020, SARS CoV-2 papers had a doubling time of ~14.5 days.

(The virus doubling time then was ~7 days)
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Genomic Data has also grown at an exponential rate

hCoV-19 Data Sharing via GISAID
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Now more than 1.2M genomes sequenced



New variants spread faster

Many show independent mutations to same alleles
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We are the only lab that was able to maintain an

accurate ph

ylogenetic tree of >1M genomes

Phylogeny
Pangolin lineage

M &3

uploaded sample
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>1M GISAID+public SARS-CoV-2
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Users can add
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genomes to the
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updated daily
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Data Sharing Issues for Pandemic Genome Tracking

e \We were asked to “cease and desist” based on
decade-old data sharing agreements (we refused)

e But the root issue is real: hardworking, underfunded
scientists around the world contributing data deserve
better recognition and reward
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Latest Challenge: we must expand the one reference
human genome to a Human Pangenome Reference

Global Genomic Partnerships . il
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The most important issue in data sharing is respect.

Respect for those who make the science possible by
contributing data.

But that respect has to be earned with an equal amount
of generosity.
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