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Genomic Scale Data




Big Data Considerations

Applied to Bioinformatics

Volume

Velocity

How much?

How fast?

Variety

What kinds?

Veracity

Quality?






https://www.broadinstitute.org/data-sciences
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https://www.genome.gov/about-genomics/fact-sheets/Genetics-vs-Genomics

How big is 40 exabytes? VELOCITY

Genomics projects will generate 40 exabytes of data in the next decade.
Each shark = 100,000,000 GB of data
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https://www.genome.gov/about-genomics/fact-sheets/Genomic-Data-Science
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https://en.wikipedia.org/wiki/DNA

Whole genome sequencing Whole exome sequencing Targeted sequencing
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https://www.researchgate.net/figure/Illustration-of-the-whole-genome-whole-exome-and-targeted-gene-s-sequencing-F-i-rst-t_fig3_338174999
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https://www.researchgate.net/figure/schematically-illustrates-the-main-steps-of-our-processing-which-include-detecting_fig4_5530253

Research Challenges

@ Analysis takes too long!
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Primary Analysis

Sequencing, Base Calling, and
Read Assembly

Quality Checks, Alignment of

Analysis st
P h a S es Tertiary Analysis

Variant Annotation,
Curation, Interpretation

. \4
o Other Analyses

Machine Learning, Biostatistics,
Protein Modeling, Reporting, etc.




A high-level overview of NGS data processing

Base calling
il (vendor tool)

| FASTQ file:

raw NGS reads

Alignment
or assembly

SAM/BAM file:

aligned NGS reads
.sam file: Uncompressed text file

.bam file: Compressed and indexed file

Variant calling

VCF file:

VCF Files can be block-compressed and indexed. : —
genomic variation

source
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Pattern 1: Cloud-Native Data Lake

Ilfill Task 1
Task 3 Config Files
Q DATA LAKE

Buckets w/Input Files

Task 2 Result Files



AWS EKS SPARK Lynn Langit
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Traditionally the columns (features) of large “raw” datasets needed to be scaled down
to allow advanced analytics to take place. This process of eliminating information
potentially biases the result and impacts on the sensitivity of the analysis.
VariantSpark is different, it can deal with the raw data directly resulting in a more
accurate output.

Variant Spark was tested on datasets with 3000 samples, each containing 8o Million
features, in either unsupervised clustering approaches (e.g. k-means) or supervised
applications (e.g. Random Forests) with target/truth values that are categorical
(classification) or continuous (regression). It can cluster data according to required
profiles or identify predictive markers of events in just 30 minutes.

By building a model on the full dataset, this allows, foMe, to identify sets of
markers that together have a stronger predictive power than the previously identified

independent markers. Source


https://bioinformatics.csiro.au/variantspark

Results

(1) Speed (30,000 -> 30 minutes)

@ Predictable Costs

Cloud Data Lake
Reproducibility / Collaboration



https://bioinformatics.csiro.au/variantspark

Population-based study reveals
strong genetic links with multiple
cardiometabolic diseases and traits

By Nora Bradford

Broad scientists analyzed sequencing data from
more than 200,000 people and found rare genetic
variants associated with diseases like diabetes
and heart failure.



https://www.broadinstitute.org/news/population-based-study-reveals-strong-genetic-links-multiple-cardiometabolic-diseases-and-0
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Pattern 2: Serverless Data Analysis Pipeline
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Serverless Pipeline
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Cumulative Volume

-0- Cumulative Tests Completed
-¢- Cumulative Positives

Tuesday, Jan 24, 00:00

Cumulative Positives: 906,858

Cumulative Tests Completed: 37,408,482 B

Source


https://covid19-testing.broadinstitute.org/

Results

@ Scalability (0-> 37 M Tests)!

Zero Down-time
Predictable Costs

Serverless Pipeline



https://covid19-testing.broadinstitute.org/
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@ Experimental result

@ Computational prediction

source


https://www.deepmind.com/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology

Spatial Multiomics

source


https://www.biorxiv.org/content/10.1101/2020.07.14.200600v1.full

Pattern 3: Data Lakes/Data Pipelines and...

& ™ Research Lake


https://www.k2view.com/platform/data-mesh-architecture/

Pattern 3: Data Lakes/Data Pipelines and...
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https://www.k2view.com/platform/data-mesh-architecture/

Pattern 3: Data Lakes/Data Pipelines and...
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https://www.k2view.com/platform/data-mesh-architecture/

Pattern 3: Data Lakes/Data Pipelines and...

Data Mesh



https://www.k2view.com/platform/data-mesh-architecture/
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https://sloanreview.mit.edu/article/ai-based-innovations-at-mayo-clinic/
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