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Closing the Loop: The Importance of External Engagement in Computer Science Research
https://blog.regehr.org/archives/1582
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DNA Sequencing Costs: Data
https://www.genome.gov/sequencingcostsdata/

https://www.genome.gov/sequencingcostsdata/


Using huge public sequencing datasets to answer scientific questions
https://speakerdeck.com/benlangmead/using-huge-public-sequencing-datasets-to-answer-scientific-questions-1?slide=6

https://speakerdeck.com/benlangmead/using-huge-public-sequencing-datasets-to-answer-scientific-questions-1?slide=6


These are good challenges!

● Cheaper sequencing -> more scientists able to use it to answer their questions

● More data -> unveil understudied...

○ Diseases

○ Organisms

○ Environments

● Exploratory experiments -> better hypothesis formulation



These are terrifying challenges!

● Transferring data becomes a bottleneck

● How to find anything in this mountain of data?

● Is the data trustable?

○ Quality control and assurance

● Current algorithms don’t scale

○ “Throw more computing” is not enough

https://commons.wikimedia.org/wiki/File:Genbank100CD.jpg

https://commons.wikimedia.org/wiki/File:Genbank100CD.jpg


Experiment discovery problem

● Question: given a query sequence, what datasets contain it (within a threshold)?

● Example query: transcripts

● Example datasets: transcriptomes

● Traditional approach: alignment

○ Global alignment (Dynamic programming)

○ Seed and extend

● Don’t scale well to PB of data



Current solutions - databases and services

● Prepared databases (for tools)

○ Large

○ “University server”

● Sequence databases

○ Public funding

○ Central server

○ Independent mirrors

○ Services accept small queries



What I want to enable

● Reduce computational resources required...

○ From cluster to laptop

○ From theoretical to practical

● ...to allow efficient search of very large databases...

○ by Similarity and Containment

● … while building resilient services that

○ distribute the load to users

○ won’t disappear when

■ Funding for maintaining servers runs out

■ I graduate? =]

○ “Planning for poverty”
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MinHash

● From big dataset to small signature

● Question: how similar are two datasets? 

● Question: how much of this dataset we see in another one? 

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



MinHash

● Broder (1997)

● Comparing web pages (Altavista)

● Estimators

○ Resemblance (Jaccard similarity)

○ Containment
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MinHash

● Broder (1997)

● Comparing web pages (Altavista)

● Estimators

○ Resemblance (Jaccard similarity)

○ Containment

Mash - Ondov et al, 2016



sourmash 1.0

● Python library and CLI

○ Core implemented in C++

● Commands

○ Compute

○ Compare

○ Plot

● Compatible with Mash

○ JSON export/import

● Documentation!

● Tutorials!

● Tests!

● Enabled new use cases...

Brown and Irber, (2016), sourmash: a library for MinHash sketching of 

DNA, Journal of Open Source Software

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



Scaled MinHash

● Mash: M(D)

● sourmash: L(D)

○ But can convert back to M(D) for compatibility

● Variable size length, bound by max_hash/scaled

● More complexity -> more hashes

○ minhash(virus) <<< minhash(metagenome)

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data

Broder 1997
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Scaled MinHash

✘
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Scaled MinHash ✓
Big dataset -> small sketch
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Supporting more operations in MinHash sketches

● Mash: similarity

● Scaled MinHash: similarity and containment

● Extensions:

○ Abundance tracking (set to multiset)

○ Cardinality estimation



Juan P Lopes - A Language for Real Time Stream Processing
https://speakerdeck.com/juanplopes/nubank-machine-learning-meetup

https://speakerdeck.com/juanplopes/nubank-machine-learning-meetup


Juan P Lopes - A Language for Real Time Stream Processing
https://speakerdeck.com/juanplopes/nubank-machine-learning-meetup

https://speakerdeck.com/juanplopes/nubank-machine-learning-meetup


Counting the number of unique DNA substrings (k=32)

HyperLogLog sketch

Irber and Brown (2016). Efficient cardinality estimation for k-mers in large DNA sequencing data sets,
Biorxiv. https://doi.org/10.1101/056846

- linear transformation of the original data maintaining 

desirable properties

- Memory/accuracy tradeoffs -> approximate answer

- Exact answer is too expensive!

- Fast, parallel, composable

700k basepairs

169M basepairs

https://doi.org/10.1101/056846
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Experiment discovery problem

● Question: given a query sequence, what datasets contain it (within a threshold)?

● Example query: transcripts

● Example datasets: transcriptomes

● Traditional approach: alignment
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Indexing and search

● From one signature to many signatures

● Once we have many signatures, how to search them quickly?

● Linear - O(n)

○ 1 million signatures -> 1 million comparisons

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



Sequence Bloom Trees
(Solomon 2016)

● For each dataset, compute k-mer set and add to a Bloom Filter

● Hierarchical index: Internal nodes contain all k-mer below it

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



Solomon and Kingsford (2016). “Fast Search of Thousands of Short-Read Sequencing Experiments.” 

Nature Biotechnology 34 (3): 300–302. https://doi.org/10.1038/nbt.3442.

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data

https://doi.org/10.1038/nbt.3442


SBT + MH: MHBT

● Different question: given an experiment, what other similar experiments are 

present in a collection?

● Internal nodes are still Bloom Filters, but leaves are Minhash sketches

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



sourmash search

● From one signature to many signatures

● Once we have many signatures, how to search them quickly?

● Linear

○ 1 million signatures -> 1 million comparisons

● Search - Breadth-first search, early pruning 

● Question: which are all the datasets similar to my query?

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



Another use case: Taxonomic classification

● What are the species present in a sample?

● And what are their abundances?

● Current methods

○ k-mer composition (Kraken)

○ Alignment (Diamond-MEGAN)

○ Markers (PhyloSift)



sourmash gather

● Same search index

● Distinct search method

○ search: breadth-first with early pruning

○ gather: multiple best-first searches

● A mix of k-mer composition and markers

○ Uses hashed k-mers…

○ … but only a systematically consistent subset
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sourmash gather: precision and recall
McIntyre et al. 2017 Additional File 4: Table S3, modified with an extra column for sourmash gather
(Phillip Brooks and Krista Ternus)
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Index resilience

● Is it possible to rebuild if some information is missing?

● If I update the index, does it invalidate all data from previous version?

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



Driscoll, James R., Neil Sarnak, Daniel D. Sleator, and Robert E. Tarjan. 1989. “Making Data 
Structures Persistent.” Journal of Computer and System Sciences 38 (1): 86–124. 
https://dx.doi.org/10.1016/0022-0000(89)90034-2

xs = [a, b, c, d, f, g, h] Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data

https://dx.doi.org/10.1016/0022-0000(89)90034-2


xs = [a, b, c, d, f, g, h] ys = insert ("e", xs)

Driscoll, James R., Neil Sarnak, Daniel D. Sleator, and Robert E. Tarjan. 1989. “Making Data 
Structures Persistent.” Journal of Computer and System Sciences 38 (1): 86–124. 
https://dx.doi.org/10.1016/0022-0000(89)90034-2

https://dx.doi.org/10.1016/0022-0000(89)90034-2


Irber, 2017. Decentralized indexes for public genomic data

Poster presented at Recomb 2017.

https://github.com/luizirber/2017-recomb

https://github.com/luizirber/2017-recomb


IPFS
DHT + BitTorrent + Blockchain + git



Current
● JSON + .sbt directory

● One file for each node in the SBT

● 32 signatures + 31 internal nodes + 

JSON = 64 files

Sharing an SBT

Distributed
● One JSON file

● Each node content is available on 

IPFS

● Download content on demand

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



Irber, 2017. Decentralized indexes for public genomic data

Poster presented at Recomb 2017.

https://github.com/luizirber/2017-recomb

https://github.com/luizirber/2017-recomb


Closure of the NCBI SRA and Implications for the Long-Term Future of Genomics Data Storage.
https://doi.org/10.1186/gb-2011-12-3-402

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data

https://doi.org/10.1186/gb-2011-12-3-402


wort - public indices

● From one index to many indices

● Once we have many indices, how to search them?

○ And maintain them updated?

● wort: Infrastructure for

○ Calculating signatures

○ Submitting signatures

○ Building indices

○ Searching indices

● Why?

○ We started calculating signatures for multiple public databases

■ GenBank, RefSeq, SRA, IMG…

○ It’s pretty much spread into 3-4 different machines

■ … that only a few people have access

○ The public databases are constantly being updated

■ Put a new index on S3 every once in a while is clunky 

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



https://twitter.com/Tierhon/status/965519049752014850

https://twitter.com/Tierhon/status/965519049752014850


wort

https://wort.oxli.org

● /view/

● /compute/

● /submit/

Irber, 2018. Building decentralized indexes for public genomic data

Poster presented at Biological Data Science 2018.

https://github.com/luizirber/2018-biods

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data

https://wort.oxli.org
https://github.com/luizirber/2018-biods


wort CLI

● wort view -d <database> <dataset_id>

○ wort view -d sra ERR660673

○ wort view -d img 2522125045

● wort submit <signature> -d <database> -i <dataset_id> -t <token>

○ wort submit -d sra -i ERR660673 -t xxxxx

● Access token needed for ‘write’ operations (incur more $$$)

● it’s Rust! https://crates.io/crates/wort

○ Single binary is convenient. Download one file, run it.

○ No need for conda, but it is conda-compatible

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data

https://crates.io/crates/wort


wort CLI - why?

● Currently just a thin wrapper over the HTTP API

● Why not use cURL/Requests directly?

○ More flexible, but more complicated

● End user unlikely to care, as long as it works...

● … which allows me to change how the CLI works internally without them 

noticing!

○ Like, using IPFS underneath 😈

● The biggest roadblock to adoption of IPFS is how “alien” they are

○ Users don’t care about the technological details

○ Engineers try to sell system based on technological details

■ (yes, I see the irony)

● But, if you have an useful tool already…

○ (let’s hope I can pull the transition without anyone noticing!)

Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



wort - future plans?
Big dataset -> small sketch

Indexing N sketches

Keeping in sync and sharing data



Schedule

● Early May: thesis committee formed

● Committee meetings:

○ June - Aim 1 chapter

○ September - Aim 2 chapter

○ December - Aim 3 chapter

● December: First final draft

Products:

● sourmash 2.0 release article (F1000)

● Gather paper

○ Benchmarks

● Scaled minhash paper

● The Great Oxidation
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