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terabases

Size,

SRA database growth

28,085,167,173,433,415 total bases
10,939,173,391,179,016 open access bases

10000
1bao 30 Petabases
Stored butcannot
searchwithin them
100 ;;,m”r
v What could be searched?
g sequences.
o A transcripts
A SNPs
10 .
A gene fusions
A splice junctions
A entire genomes
.-rl|:|
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YouTubel0G1000 PB

NCBI SRéatabase 30 PB

Institut Pasteur: 8 PB

Yourlaptop: 0.001 PB




SRA SRA

Advanced Help

SRA

Sequence Read Archive (SRA) makes biological sequence data available to the research community to enhance reproducibility
and allow for new discoveries by comparing data sets. The SRA stores raw sequencing data and alignment information from
high-throughput sequencing platforms, including Roche 454 GS System®, lllumina Genome Analyzer®, Applied Biosystems
SOLID System®, Helicos Heliscope®, Complete Genomics®, and Pacific Biosciences SMRTE®.

Search results

ltems: 1 to 20 of 19964

MextSeq 500 paire
1. 1 ILLUMINA (Nlumina
Accession: ERX34307

MextSeq 500 paire
2. 1ILLUMINA {llumina
Accession: ERX34307

MextSeq 500 paire
3. 1 ILLUMINA (Illumina
Accession: ERX34307

NextSeq 500 paired end sequencing

Metadata Analysis (alpha)  Reads Download

Filter: | Find || Filtered Download | g What does it do?

< | 1|1 346553 | = View: ¥ biological reads technical reads
1 ERR3407135.1 ERS3549882 Reads (separated)

name: NB551234:144:HL523AFXY:1:11101:5421: >gn|| SRA|ERR3407135.1.1 NB551234:144:HL523AFXY:1:11101:5421:1076 F (Biological)

member: default ACCTGAGCGCGCAGCTCCAGTAAATCARACGCGEGCECCGAATTTGEGCGATCTTCCATCAGT
: TTCCAGGCGCETTTGCCCTGACGTCGCGACATGCETAACTGAAGCTGCCARATATCACGE
2 ERR3407135.2 ERS3548882 GTAAGCGTGCETAACCCCETTTCCLGATCECCA
name: NB551234:144:HL523AFXY-1:11101:22482 . .
member- default >gnl|SRA|ERR3407135.1.2 NB551234 144 HL523AFXY 1:11101:5421:1076 R (Biological)
» ATCAACAACAGCGGCAATACCACCTCTTCCAGCCGTTETTTCCAACCAATACGCGTTAAT
3. ERR3407135.3 ERS3540882 TCACCGARACCGCGACAGCGCAATGGAACGCATCATTGCGCAGGTGTTGCAGAATACGGA

member. default
3

4. ERR3407135.4 ER53549882
name: NB551234:144:HL523AFXY-1:11101:2119¢
mamber: default

3

o. ERR3407135 5 ERS3549862

name: NB551234:144:HL523AFXY-1:11101:23604
member: default



m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information

®
BLAST » blastn suite . w\
Sequence Read Archive Nucleotide BLAST

blastn _1|

BLASTN programs search SRA databases using a nucleotide query. &/
Enter Query Sequence — - —

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &

From | |

To! \|

Or, upload file Browse... | No file selected. (]

Job Title |’

Enter a descriptive title for your BLAST search &

Choose Search Set

SRA Experiment
set (SRX) |
Enter an SRA accession (experiment, study, or submission), title, the scientific name or tax id. Only 20 top suggestions will be shown.




What couldbe gained byarge-scale
seguence search@s

A conditionsthat expressa
givennovel isoform

A gene fusionsaicross TCGA|

A metagenomicsamples
containing bacteriastrain

A Anti-microbial resistance:

i detection of drugresistant
genes

i phylogeny of plasmids
carrying AMR genes

SourcesBIGSI article, SBT artickegOthellarticle



Problem definition

A Given many FASTQ fileeXperiments:
I Experiment 1
I X
I Experiment 100,000

A And a sequencs

A Enumerate all the experiment(s) wherg
appears

Se®3ad a! /! D¢! ¢ D BERpRrDBs{23 (hunRENAsed 1523 (humamRNAse)
82499 (human gumetagenome}




Searching within sequencesechniques

SolutionO: grep
Solution 1: build d&ugedictionary
Solution 2: FMndex

Solution 3 and others: settle férmer searches



[ SGQa SEF YAYS

SolutionO: grep
How fastisgrep?

A SRA has .fastq.gz files
A gunzip 60MB/sec

A
pugz ~400 MB/se¢

Time:
A 60GB IllumindaumanFASTQL6 minutes, 1 thread
A 1,000 ofthem: ~1 day, 10 threads

A SRA (5M files): ~1 year, 100 threads



[ SGQa S

Solution 1:build a hugedictionary

EIF YAYS

But forn experiments of reads of

n=100,000
r=1,000,000,000
|=100

lengthl, requires GQ*r*I?) memory

.
seqgquence

List of experiment(s) that sequence appears
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[ SG Q& SEFYAYS

Solution 1:build a hugedictionary

Whatif we indexedonlysmallsequence®f fixed length?

Howmanyin, say allRefSe@roteobacteriaE. coli & 32

21,883genomes 97 GB oFASTAs> 31billionsequences<erniiou personatomm k=21
Lowerboundof ~ 85 GB toepresent/ConwayBromage2012;Chikhiet al, 2014]

(asopposedto 31 billion times 3hucleotide$

¢ K I anlgfér asmallsubsetof genomesnotevenFASTQS
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[ SGQa SEFYAYS |

Solution 2: FMindex

(2017,GenomeResearch
Method

Using reference-free compressed data structures

to analyze sequencing reads from thousands
of human genomes

Dirk D. Dolle,'® Zhicheng Liu,'**® Matthew Cotten,' Jared T. Simpson,**
Zamin Igbal,” Richard Durbin,’ Shane A. McCarthy," and Thomas M. Keane'-

A Built a BWTof 2,705humanlllumina WGSrror-correctedreads

A Size: 500GB + ~5 TBietadata(origin of read9
A 1 kmersearch~= 10 ms
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k-mer search

A k-mer ref ACGATGACATGAT
Sequence of fixed length k 4-mers:  ACGA
CGAT
GATG
A Membership query AT
->|s X Iin S?

A Enables moreomplex queries

arbitrary seguences <->decomposition ofsinto k-mers
e.g. SN&-> set of ~k kmers



K-mer membershipwithin 1 experiment |
BloomFilter

a positioné asequence

OO OO OO0

~ «AAAG»?

o

v

A

GGTT

0
0
AAAG 1
AAGG 0
AGGC X 0
GGCG 0
GCGT

CGTT 0

G-Tr-_l[g A > 1 Recentreview on arXiv

TGAG 0 O/ KALKAZ aSROS

GAGG 0 Alsa CGSI talk 201D
AGGT 0
0
0
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D
o

I I yustise
a BloonFilter

o

Why.
A SingleSRA Bloorfilter
A 1 BF peexperiment

. ~petabytes andpooled
. ~hour-longquery @soms* smexpg

17



SequencéBloomTrees
[Solomon & Kingsford 2016]

Queryi’}) (29

poEé "t

per experiment

1

Slide: P. Medvedev

Fast search through pruning
A Dblue seq matches ALL experiments
A query can stop at root




A AllSomeSequencdéloomTrees
[Sun, Harris, Chikhi, Medvedev 2017]

A HowDeSBT
[Harris, Medvedev 2019]

sofufojolo] (Fololy] (xfo[zlo] [afofalz

Slide: P. Medvedev




SBT performance inrautshell

Data

2,000 raw
experiments

AllSome SBT
(2017)

HowDe SBT (2019)

Size on disk

~15,000 GB

142 GB

14 GB

A Smallespacethanraw data
A Residesully on disk
A 1 search= 5 seconds



BIGSI

[Bradley, ..

, Igbal 2019]

FEBRUWARY 2019 VOL37 NO 2
I I : ] re wv'w.nature.com/naturebic technology

blotechnol gy

THE SCIENCE AND BUSINESS OF BIOTECHNOLOGY

-

‘ L)
: 5 - ; ; ,
Ultrafast searching fcr microbial < équences™
Virus capture in complex metageiioimics samples”
RNA editing with endogenous enzymes




Recall a few slidesgaX

Search withirl,000,000+experiments

A 1 BF peexperiment verylongquerytime

[ Iy Q G 2dzali
Bloom Filters

e o

e‘—»"\o‘\
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BIGSIis avector of Bloom filters
[Bradley et al, 2019]

(or equivalently, a matrix of bits)

A Rows =-1kers
Columns = experiments

A All the BFs have thgame size
How is this possibledicrobial data

A 1 search = 0.3 second

Also the technique behind

eololoholol Noelloholol NoelololoNol JNelele

ololNoloNeh Noeloholol NoeloeolololNoal jlelelNe)

ololNoloNeh Noeloholol NellolhololNol jlelelNe)

OO0 0O O0OPFrRPROO0OOOPrPOO0OOPFPOOOOoOOo

OO0 O O0OPFrRPROO0OO0OOPOO0OO0OOPFr OO0 O0oOo

ololNoloNeh Noeloholol NelolololNol JlelelNe)
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Many other methods

SBT: Solomon and Kingsford 2016 Nature biotechno.
AllSomeSBT: Sun et al. 2018 RECOMB

SSBT: Solomon and Kingsford 2018 RECOMB
HowDeSBT: Harris and Medvedev 2019 RECOMB-Seq
BIGSI: Bradley et al. 2019 Nature biotechno.

COBS: Bingman et al. 2019 arXiv

Cortex: Igbal et al. 2012 Nature

BFT: Holley et al. 2016 AMB

VARI: Muggli et al. 2017 Bioinformatics

VARI-Merge: 2019 accepted to ISMB

Rainbowfish: Almodaresi et al. 2017 WABI

Mantis: Pandey et al. 2018 Cell

Mantis+MST: Almodaresi et al. 2019 RECOMB
SeqOthello: Yu et al. 2018 Genome Biology
Metannot: Mustafa et al. 2018

Multi-BRWT: Karasikov et al. 2018

Slide: CMarchet

ReviewiMarchetetalz Ay LINBLI N} 0A2Y WYMmdl
Shortoverviewino/ KA 1 KA X aSROSRSOs | 2f

24



o To Io Io o Do Ix

Conclusion

Sets ofk-mer sets apowerful representationfor sequencingdata
Boomingareasince2016
No method isreallyuserfriendly yet

Many similarexperiments SHit al
Many experimentsof samesize: BIGt al
Andmanyothers| R A RalkG@bout
Versatilemethod [?7?7]

Source:

@kyrpides



