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and medicine, most notably the creation of

protein and nucleic acid databases and tools to
FO u n d i n m e m be rS Of b i O I O ical bi d ata interrogate the databases. She originated one of

g g g the first substitution matrices, point accepted

mutations (PAM). The one-letter code used for
amino acids was developed by her, reflecting an
attempt to reduce the size of the data files used
to describe amino acid sequences in an era of
punch-card computing.
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Slides: Dan Gusfield
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Big data in biology: NCBI GenBank & WGS

m National Library o m National Library of Medicine
National Center for Biotechnol

National Center for Biotechnology Information

GenBank ‘Nucleotide v || GenBank | Nucleotide v ||
GenBank ¥ = Submit ¥ Genomes ¥ GenBank ¥ | Submit ¥ | Genomes ¥ | WGS ¥ | Metagenomes ¥
. Whole Genome Shotgun Submissions
GenBank Overview g

What is GenBank? What is Whole Genome Shotgun (WGS)?
at i1s GenBank*

Whole Genome Shotgun (WGS) projects are genome assemblies of incomplete geno

GenBank @ is the NIH genetic sequence database, eukaryotes that are generally being sequenced by a whole genome shotgun strategy.
Type: genome assemblies of Type: genome assemblies
>500,000 species Size: 16 TB (2022)

Size: 1.2 terabytes (TB) (2022)

All sequences are annotated Unannotated


https://0-www-ncbi-nlm-nih-gov.brum.beds.ac.uk/genbank/release/current/
https://0-www-ncbi-nlm-nih-gov.brum.beds.ac.uk/genbank/release/current/

ALL EUKARYOTIC GENOMES (Cumulative: Dec 2023):

GenBank genomes (all): 36,593 (15,453 species)
GenBank (with annotation): 6,817 (3,801 species)

(Out of 8 million known species..)

Annual Growth in Sequenced Species and Genomes
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NCBI
SRA

All public

sequencing reads

Size: 50 Pbases
as of Dec 2023
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Advanced

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 SMRT®

Search results

Items: 1 to 20 of 19964

NextSeq 500 paire
1. 1ILLUMINA (lllumina
Accession: ERX34307

NextSeq 500 paire
2. 1ILLUMINA (lllumina
Accession: ERX34307

NextSeq 500 paire

NextSeq 500 paired end sequencing

Metadata Analysis (alpha)  Reads Download

Filter:

BN ENL View: ¥ biological reads technical reads

| 346853 | > |

1. ERR3407135.1 ERS3549882 Ronds aparatad]

name: N>B551234'144 HL523AFXY:1:11101:5421 >gn||SRA|ERR3407135.1.1 NB551234:144:HL523AFXY:1:11101:5421:1076 F (Biological)
member: default ACCTGAGCGCGCAGCTCCAGTAAATCAAACGCGGCGCGGAATTTGGGATGTTCCATCAGT

’ TTCCAGGCGCGTTTGCCCTGACGTCGCGACATGCGTAACTGAAGCTGCCARATATCACGG

»

Help

2. ERR3407135.2 ERS3549882
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Public sequence datasets 24

50 Pb /SRA/

24 Tb NCBI WGS (2023)

25Tb GenBank (2023)
283 GB BLAST nt




What can be done with the entire SRA?



CGSI 2022 talk: Serratus: all public RNA-seqs analyzed for viral discovery

- This all has been feretold

Rayan Chikhi

Rayan Chikhi | Recent progress
towards petabase-scale genomics

Discovered 130,000 new RNA
viral species through large-scale read
alignment, 9 new coronaviruses species.

One-off cloud analysis
(Edgar et al, Nature, 2022)

First meta-analysis of the
entire SRA (RNA-seqs)

Human 4 682 Novel
Mouse - 378
Mammal - 1,705 Sl
Vertebrate 1,151
Invertebrate 6,654
Fungus 1,370
Plant S 11,001
Prokaryote 688
Metagenome - 18,584
Virome | 7,559
Environmental - 93,622
Mammal WGS - |95
o 1 2 0 5,000 10,000 15,000 Origin of RARP* ’
Petabases Unique sOTUs BioSamples

searched



CGSI 2023 talk: Living in the future of genomics

CTGGATGCCAAAGAA(
ACGGTGCCGTTATCC
TACCGCTCATGAAGT(

Rayan Chikhi

I GS!

Rayan Chikhi | Living in the Future of
Genomics | CGSI 2023

JES— : I
$ aws S3 cp s3://sra-pub-src-2/SRR11292120/m64062 190806 063919.fastq.1l
--no-sign-request
ompleted 4.6 GiB/39.1 GiB (278.0 MiB/s) with 1 file(s) remaining

Rethinking bioinformatics
analyses using the cloud

-

|
Live demo of mappingu|
human HiFi reads in
~seconds, using
mapquik 9



Diving into SRA’s data



What are SRA metadata?

All of this —— |

SRX8451857: Resequencing of Vicugna vicugna V_ss18
1 ILLUMINA (HiSeq X Ten) run: 111.2M spots, 33.4G bases, 11.8Gb downloads

Design: Resequencing
Submitted by: Universidad Austral de Chile

Study: Resequencing of Genomes of South American Camelids
PRJNAG612032 « SRP265528 « All experiments « All runs

Sample: V_ss18
SAMN14360346 « SRS6753932 « All experiments « All runs
Organism: Vicugna vicugna mensalis

Library:
Name: Vss18
Instrument: HiSeq X Ten
Strategy: WGS
Source: GENOMIC
Selection: RANDOM
Layout: PAIRED

Runs: 1 run, 111.2M spots, 33.4G bases, 11.8Gb
Run # of Spots # of Bases Size Published

SRR11905265 111,191,160 33.4G 11.8Gb 2020-06-08

11



Accessing SRA metadata

MNEBlwebsite
1. NCBI FTP
https://trace.ncbi.nim.nih.gov/Traces/index.html?view=mirroring
metadata

2. SRA metadata

SELECT acc, mbases, mbytes, avgspotlen, librarylayout, instrument

on cloud SQL 10| Fa s i o -

d t b WHERE consent = 'public' and avgspotlen >= 31
dlabase

(AWS SQL Ln1,Col1

GCP )

Run Explain [/ Cancel Clear Create w



https://trace.ncbi.nlm.nih.gov/Traces/index.html?view=mirroring

SRA structured metadata

[zl tax_analysis
acc
tax_id
rank
name
total_count
self_count
ilevel
ileft

iright

string

int

string

string

bigint

bigint

int

int

int

[Z] metadata

acc
assay_type
center_name
consent
experiment
sample_name
instrument
librarylayout
libraryselection
librarysource
platform
sample_acc

biosample

string

string

string

string

string

string

string

string

string

string

string

string

string

organism
sra_study
releasedate
bioproject
mbytes
loaddate
avgspotlen
mbases
insertsize

library_name

biosamplemodel_sam

collection_date_sam

string

string

date

string

int

timestamp

int

int

int

string

array<string>

array<string>

geo_loc_name_country_calc string

geo_loc_name_country_continent_c

alc



SRA accessions types (2023)

Count

20G

15G

10G

Total Megabases (Mb)

w
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SRA taxonomy analysis

Method | Open Access | Published: 20 September 2021

STAT: a fast, scalable, MinHash-based k-mer tool to
assess Sequence Read Archive next-generation
sequence submissions

Kenneth S. Katz &, Oleg Shutov, Richard Lapoint, Michael Kimelman, J. Rodney Brister & Christopher

Example STAT output:
Taxonomy Analysis

Unidentified reads: 40.04%
Identified reads: 59.96%
Viruses: 50.55%
ssRNA viruses: 50.55%
L-Measles morbillivirus: 50.55%
dsDNA viruses, no RNA stage: < 0.01%
ssDNA viruses: < 0.01%
Ortervirales: < 0.01%
cellular organisms: 9.4%
Bactena: 6.44%
Proteobacteria: 1.76%
;Terrabacten'a group: 0.48%

on D.040L

O‘Sullivan 0
c e6  Taxonomic groups that dominate an SRA accession

Genome Biology 22, Article number: 270 (2021) \ Cite this article -%
n
o4

"we have processed more than 27.9 Peta base @
pairs from runs" 5, I .
: =
Ko}
€ o B s ssss e
>
z 2 2 2 2
A 2 > 7 > (o > > 4o
5 \K\é . \Q\b &\b ‘0& fo& fo& 0& 0@ ,Z,OQ’ fo&
&N 3 & » & N
ISR &2 T e F T LR
é ~Q’° 0<l> <9 (’}z 60 (\0
© © VAR
& & VoY 15
Taxonomic Group (Dec 2023)




How to analyze the entire SRA?
(before Logan)



N’
—

How much time to download 20 petabytes at 200 MB/sec?

17



How much time to download 20 petabytes at 200 MB/sec?

~ 3 years

18



How to analyze the entire SRA?
(before Logan)
You can't

19



Serratus infrastructure

NCBI SRA (S3) Scheduler Monltor s3://lovelywater/

dl nodes IJL = J .a//gn nodes
200-1500x ~ —~—— 500-5000x

sisees

r5.2xlarge

- - c5.4xlarge c5.2xlarge

——

Free / Immediate
Public Access

Viral
.bam / .summary
S3 Cache
- ._ ]
i c5.large
I

20-100x

:j merge nodes

20



How to analyze the entire SRA?
(before Logan)
OK you can but with cloud-scale efforts

21



How to search sequences in (parts of) the SRA



National Library of Medicine

National Center for Biotechnology Information

u Search  Documentation

-
Branchwater Metagenome Query

)
Real-time search for a genome within metagenomes in the SRA. K

Your query returned 11100 accession IDs. t2 oV Dovnioad sc BN
acc assay_type bioproject biosample_link CANI collection_date .. containment geo_loc_name_c... lat_lon organism
SRR14986175 wea PRINATA2226 Nitps/wwncbinL.. 09 2017.06:14 012 Germany 4s611028 sollmetagenome
SRRe958475 was PRINAG44974 Nitps/wwnchink.. 095 20120501 037 usa 335944109
sRRas01856 was PRINAS20780 Nitps/wwnctinl.. 09 20150703 o1t singapore 13310375
SRRB925775 wos PRINAGB10%2 Htipsiwwncbint, 03 2017-1023 o2 cnina 361911159 .
0 C E A N R E A D AT L A S kmindex and ORA: indexing and real-time user-friendly queries in terabyte-sized
complex genomic datasets | emane et al,
Compared to Pebblescout: 2023 (BioRxiv)
P . ONE CLICK MARINE K-MER BIOGEOGRAPHY 2024 (Nat Comp Biol)
e Only support long queries (> 10 kbp)
e More verbose output/visualizations R
" Dataset:
2 : All TARA data, sobtte: | it _gane_example
< R Supports short queries,
Query >nifH_gene LT907975.1:3538795..3539625 [Pseudodesulfovibrio profundus] .
- Instant results sequence
actgtegeeggtttggeggaaatgggecgee Tl
| . gecgactccaccegectgttgeteggtggtet L
Index size Eollindex cgtgaagagggcgaggatgtggaactcga s
1014 100GB Graph only E
Geographic distri of k-mer ratios 2
900 GB SRA-|
_ SRA-Human SRA-Metazoa S— S —
E 2500 GB [>0.8um] ~ °
E 4900G8 ; SRA-Plants - L
ERTE ~ SRA-MetaGut £
S 3 E
= SRA-Mouse
c RefSeq
= SRA-Fungi 3 s .
é 102 ® SRA-Microbe New Results A Follow this preprint Q) Previous
E Tara Oceans (scaffolds) 'UHGG (all) . ey . .
e o GTEx, Indexing All Life's Known Biological Sequences Posted May 14, 2024.
T MetaSUB " TCGA
£ N UniParc* ¢ ‘ 1
o 10 ¥ SRA-Public (100 studies) 5 x . 5 . ’ 2
= o Mikhail Karasikov, & Harun Mustafa, Daniel Danciu, Marc Zimmermann, Christopher Barber, Download PDF
Tara Oceans
Gunnar Ratsch, @2 Andre Kahles : ;
< . [ Print/Save Options
- doi: https://doi.org/10.1101/2020.10.01.322164
100 | *UHGG (catalog) i Supplementary Material
10 Gbp 100 Gbp 1Tbp 10Tbp 100 Top 1Pbp 10Pbp This article is a preprint and has not been certified by peer review [what does this mean?]. e
Input size (base pairs / amino acids) (& Revision Summary




NIH National Library of Medicine

National Center for Biotechnology Information

BETA
PebbleScout Search  Document

pre-indexes nucleotide resources and searches them. The index contains at least one 25-mer
42-mer for all subjects in the database. Search has three modes: profile, summary, and detailed.
Summary search ranks matching subjects using Pebblescout score. Search generates hashes from given user

queries using the same scheme as used for indexing. This guarantees that every 42 bp match between the Py Al I m etag e n O m eS , a | | a Sse m bl ieS

user query and any subject in t atabase is found.

Seven databases currently available are as follows: (VVG S ) , a | | h u m a n RNAseq ’ RefSeq

1. Metagenomic: All metagenomic and metatranscriptomic runs released in public SRA before the end
of 2021

2. WGS: All assemblies for the Whole Genome Shotgun sequencing projects available as of Feb 14, 2022

3. RefSeq: All assemblies available in the Reference Seq ce collection as of April 22, 2022

4. PH2HS_Runs: Runs from Phase 3 of the 1000 Genomes project

5. PH3HS_Biosample: Runs from Phase 3 of the 1000 Genomes project where all runs for the same
BioSample are considered as one subject

6. Human RNAseq 2021: All Human RNAseq runs released in public SRA in the year 2021

7. Virus PacBio HiFi: Viral samples sequenced with the PacBio SMRT technology defined in

provides additional information. A preprint for the is available at

biorxiv.

Please provide nucleotide queries, choose database and type of search to be performed, change

Faraineters‘asneeded,andclickVieworDownload.Pleasere-clickVieworDownloadifyouchange ‘ SearCh for any Seq uence > 42 nt’
using k-mers (minimizers)

Type FASTA Lines or GenBank Accessions Separated by Commas

24

or Upload FASTA File



Pebblescout usage example

PebbleScout

BETA

Collaborator needs to search SRA for all samples containing Wolbachia
to find new hosts

We did exactly this in our paper!

e (36 host species were known for Wolbachia)
o Found by searching SRA metadata (2,545 runs)

e Pebblescout: searching for 3 genes (ftsZ, grokE, wsp)
o Found 16 more hosts (35 runs)

25



SRA-scale alignment

State of the art (ordered by sensitivity1/speed| ):
1.

2.

3.

4.

5.

Sourmash branchwater (sketches)
o Metagenomes, long sequences

NCBI Pebblescout (k-mers, no alignment)
o Metagenomes, > 42 bp sequences

Bowtie2, STAR (k-mers, alignment)

o Serratus1 (all RNAseqs)
o Recount3 (750k human/mouse RNAseqs)

DIAMOND (AA-mers)
o Serratus1.5 (all RNAseqs)

HMMs? (profile)

Fraction of reads aligned

1.00 1

0.75 1

0.50 4

0.25 4

0.00 4

T : ¢ 3 § E] bowtie2
E diamond
é g EEI 32-kmer

TERRRRFY

R PSR SR R

llllll

Amino-acid identity between pairs
Credit: RC Edgar

26






Logan: Outline

Assembled the entire SRA into unitigs (cuttlefish2) and contigs (minia3)
50 petabases of reads were downloaded & assembled on AWS cloud
Results are hosted on S3 with no egress charges (AWS Open Data)
Publicly available: https://github.com/IndexThePlanet/Logan

2 PB of unitigs and 0.4 PB of contigs

It's done, finally

k=31

28


https://github.com/IndexThePlanet/Logan

Genémé (unknown)

UnltlgS? COntlgS? DNA sequencing data
Contigs: typical output of genome assembly methods
Reads
Unitig: simple path in the de Bruijn graph Assembly (hypothesis of the genome)
I Contigs
Zonto )/CAG){AGG)—{GGT Tac
(aac {AcA

e——_CAT }»( ATA }»( TAG I} AGT

Unitigs

Graph from Menegaux, Vert

More on this tomorrow:
K-mer session 11:30,

Why unitigs? they keep all variants (SNPs, indels, ..) Cohen room. Will be an
introduction from scratch

Contigs are consensuses
29



Logan: project steps
e Step 1(2024): Download all of SRA, assemble each sample, host results publicly

30M CPU hours, 19 petabytes downloaded, 2 petabytes stored

@22236“9-» Raw reads |+ Unitigs |+ Contigs

Archive fasterg-dump Cuttlefish2 Minia3
27 million =) ‘ ‘
experiments = = g 53://Iogan-pub/

(until Dec 2023)

Cloud execution

e Step 2 (2025): Index assemblies, create a search engine (“searching YouTube”)



Logan: infrastructure

: ! . ' H .
| NCBISRA(S3) | ! Monitoring | AWS services used:
| . !
E ' | DynamoDB 1
: ' | Cloudwatch !
: ', Grafana ! Batch
| ' | Athena !
: |
______________ 1 53
Docker Image xdmEecesoh ;! DynamoDB
. :.'::::::::'E::E :_'::::::::-E::E
ssses b, _ : i) Laryh Athena
| C7g.4xlarge ' : : 141 C7g.metal : \ : o
g CloudFormation
|Rawreads | +| Unitigs || Contigs | IEzsosToms o LTTTESCEn
fasterq-dump Cuttlefish?  Minia3 .-'-'I-é:-:--:-:-:,::-i E E ,_'?'.é:_:.;.:.;.lz:-: E E | s3://logan-pub/ | CloudWatch
- i e
| CroBdarge 111111 791000 1111 . Cost Explorer
et bk
Grafana

Batch Compute Environments



Logan: computation statistics

Global statistics

Input SRA Accessions

27 million

Input SRA size 50 petabases
Total CPU Hours ~30 million
Number of Runs 6

Total Runtime 30 hours

Many failures:

vCPUs

le6

vCPU Usage Over Time

2.0

1.5~

1.0 A

0.5 4

0.0

10 11 12 13 14 15 16
Time

e Reached S3 write limits, learned the concept of “S3 prefixes”

e Reach DynamoDB write limits too
e fasterg-dump timeouts, turns out SRA aligned reads format (~15% of accessions) connects to

internet

Run 6 statistics

Input data 19.6 petabases
Runtime* 7 hours

Peak Number of Instances 73,100

Peak Number of vCPUs 2.18 million

Peak Total EBS storage

52 petabytes

32



Why wasn'’t this done before?

e Genome assembly is compute- and memory-intensive, usually.

e \We used a simple pipeline of highly optimized components:
o Reads — counted kmers — de Bruijn graph — unitigs
o Unitigs — simplification of graph — contigs
e Speeding up each step took decades of algorithmic research

Wall-clock running time of assemblers

60000 -
50000 1

40000 1

G

(0] ]

E 30000

F 20000 -
10000 -

0 ¢

@

@]

Penguin
rnaviralSPAdes
Logan

-
-
-
¥ -
-
-1
-

. '1 R a®

0

20000 40000 60000
Megabases

Memory usage of assemblers

le8

@

o

Penguin
rnaviralSPAdes
Logan AZ

0

20000 40000
Megabases

60000
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Algorithmic components used in Logan

Minimizer-based kmer counting (KMC inside cuttlefish2)
Parallel unitigs construction (cuttlefish2)

Minimum perfect hashing (BBHash inside cuttlefish2, Minia)
SPAdes assembly graph simplifications (Minia)
FASTA-aligned zstd block format (2sz)

34



Accessing Logan

aws s3 cp s3://logan-pub/c/[acc]/[acc].contigs.fa.zstd .

From anywhere, no account needed

35



"You too can mine the SRA"

i i Robert Ed < 1 minute ago
Want to dive in Logan data ? RB DUCILSCEARS Tt o

e We do whole-SRA alignments regularly: include your sequence(s) in the next batch

e All Logan unitigs & contigs are public, but if you need assistance:
contact me

36



Many planned analyses

RNA viruses (Serratus group)

Viroids

K-mer indexing (Peterlongo/Lemane)
Compression (Rouze/Limasset)

Graph exploration at scale

Meta-data parsing and geographic/ecology explorer
Bacteria/AMR

Improving genome assemblies
Eukaryotic barcodes

SRA-scale protein clustering

SRA metadata in a LLM for textual queries

37



Call for collaborations

We have a very special moment right now to liberate all the data in the SRA. I'm
asking for all of your help so that we can make this a landmark project from the
community.

Can you do hands-on bioinformatics?
Contact rayan.chikhi@pasteur.fr and we’ll add you to Logan/Serratus Slack

38
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What's in Logan



Expansion of assembled contigs
across the Tree of Life

Total assembled

bases
o
9.9,7
B
Bos ¢, um 1Y
i’ tauryg sofanum V‘ﬂgev‘m'\fefa
6 . rbadense
Capra hircus G“(%E'g‘i/migr: hirsutum
Tursiops truncatlus Arabidopsis thaliana
Delphinapterus leucas Brassica rapa
Sus sclm 35 Brassica oleraceg
Canis lupus . rassic;
Mustela putoris fassicg j, oS
Metagenomes
freshwater
mouse gut - %7
feces - =59 2 9%
8L£30 97 20
5333 5332 0%
wastewater - 5258 9939 %
. »23 2503 %
sediment 4 EEEEPEAER)
SE2E528973,
human g5723EY
) 88338885
marine st
gut 4 .
. | | agRl
soil 4 ==
human gut i
1 1
0 5

Assembled terabases



Public sequence datasets

6 Pb

24 Tb

25Tb
283 GB

NCBI WGS (2023)

NCBI GenBank (2023)
NCBI BLAST nt

Martin Steinegger
:D we are too haha 41



Draft-level assembly contiguity

leb
Number of i
accessions Assay Type
1.0 1 WGS/WGA
- [ 1 OTHER
1 RNA-Seq
0.5
0.0 L

102 10° 10* 10°

Contig N50

higher=better
Except for RNAseqs

42



10-100x smaller unitigs/contigs vs reads

Sizes of Reads vs Unitigs Sizes of Reads vs Contigs
o 5T £
5% 107 ow 10%
C o c U
[ORRY;) D n
e o
€S 10! £o 10!
=S = = S
0nwnm ny n
o9 o & -2
S © 102 S © 10
o E SE
1.0t 103 10°
Reads Size (mbases, log) Reads Size (mbases, log)
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Logan “fun facts”

Logan total computation: 30 hours. Would have been ~1.5 years on local cluster.

Just listing the S3 folder takes ~1 hour

Downloading all Logan contigs (385 TB) at 10 Gbits/s takes 3 days

Sequence alignment with DIAMOND (--sensitive) streaming all of Logan
contigs takes 4 hours on 60k cloud vCPUS (4k$)

44



How can Logan be useful?

45



A “fun” experiment..

Pick an organism: Chicken ’

Pick a biological question: what’s the genetic basis for its color?

Logan can get you all the data you need for any study.

1) For the purpose of the demo, we’ll focus on one gene (which one?)

2) Then we’ll gather sequence data from chickens, isolate that gene, and look
for variants associated to breed/color

46



Collecting chickens

How to retrieve many chicken sequences?

6—-BtASTF Not enough individuals in nt
H—NGBHRebbleseeut Only has metagenomes
2) SRA metadata query

3) SRA taxonomy query

47



SRA metadata query 1: fail

'SRA v | lchicken

Create alert Advanced

Summary ~ 20 per page ~ Send to: =

Search results

Items: 1 to 20 of 235320 Page [1 | of11766 Next> Last>>

[J] WGS of E.coli isolate
1. 1 ILLUMINA (lllumina MiSeq) run: 8.2M spots, 2.5G bases, 1.5Gb downloads
Accession: SRX25244676

[J WGS of E.coli isolate

1 ILLUMINA (lllumina MiSeq) run: 9M spots, 2.7G bases, 1.7Gb downloads
Accession: SRX25244666

L

[J WGS of E.coli isolate

1 ILLUMINA (lllumina MiSeq) run: 13.5M spots, 4.1G bases, 2.6Gb downloads
Accession: SRX25244661

w

48



SRA metadata query 2: better

https://www.ncbi.nlm.nih.qov/sra/?term="yellow+chicken”

SRA Run Selector
Runs Bytes Bases Download

Total 324 123Tb 343T Metadata or Accession List

https://www.ncbi.nlm.nih.qov/sra/SRX4478521[accn]

4

SRX4478521: DNA-seq of Gallus gallus: Wuhua yellow chicken

1 ILLUMINA (HiSeq X Ten) run: 38M spots, 11G bases, 3.9Gb downloads

49


https://www.ncbi.nlm.nih.gov/sra/?term=%22yellow+chicken%22

Getting sequencing data from the SRA (without Logan)

TL;DR: state of the artis prefetch + fasterqg-dump

prefetch: downloads . sra file locally

fasterg-dump: transforms .srato .fastgor .fasta

Example:

prefetch [accession] && fasterg-dump [accession].sra

50



Big data genomics:)

$ cat download and map accession.sh

set -e
accession=$§1

aws s3 cp s3://sra-pub-run-odp/sra/$accession/$accession \
Saccession.sra --no-sign-request

minimap2 -t20 -x sr mclr.fa <(fasterg-dump --fasta-unsorted S$accession.sra) \
-o mapping/$accession.minimap2 output

rm -f Saccession.sra

Parallelize processing:

cat accessions.txt | parallel -j 10 “./download and map accession.sh {}”

51



Analyzing ~300 SRA samples (without Logan)

3 terabases from “yellow chicken” SRA accessions downloaded and mapped to MC1R

4700
174639
150667
135759
194411
149717
149674
204873
180067
139216
ec2- - 113860
ec2- - 157065
ec2-user - 6240
ec2-user - 11665
ec2-user - 15025

1
1
1
1
1
1
1
1
1
1
1
1
1
1

Took around 1.5 hours, on a 6%/hour cloud machine

.minimapZ outpu

SRR115219068.
SRR11521909.
SRR11521910.
SRR11521911.
SRR11521912.
SRR11521913.
SRR11521914.
SRR11521915.
SRR11521916.
SRR11521917.
SRR11521918.
SRR11678145.
SRR11678146.
SRR11678147.

minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output
minimap2 output

1:36:09%elapsed 2026%CPU (Oavgtext+0avgdata 1182952maxresident)k
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Chicken pangenomics

e Constructed pangenome (de Bruijn) graph of MC1R from the “yellow chicken”
accessions
e BLASTed a consensus gene to the graph

.. good, but this is only for one breed.



-
]
We need more data




Getting all SRA entries containing chicken reads:
SRA taxonomy query through STAT

WHERE name = 'Gallus gallus' AND total_count > 100000

Results (59,240) ,. j
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With a little help from Logan

e Logan = 27 million SRA assemblies

e All of the Results(59240) are now already assembled
o 4.3 terabases of contigs

o Raw data is 374 terabases of reads , (= 1000GP twice)
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https://emojipedia.org/face-screaming-in-fear

Logan analysis

Cloud download of Logan accessions, mapping on the fly to MC1R:

minimap2 -x asm20 -t 8 -a mclr.fa \
<(aws s3 cp s3://logan-pub/c/$accession.contigs.fa.zst - | zstdcat)\
| samtools view -hF4 - \

> mapping-logan/$accession.minimap2 output

16 hours on a 4xlarge instance (16 vCPUs, 0.6$/hour).
i.e. 124x more data for same $’s than direct SRA download
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11,072 MC1R genes pangenome (de Bruijn graph, k=31, BCALM2)

GWAS directly from sequences TGGGGGTCATCGCCGTGGACCGCTACATCG. .
. . g
(skips SNP detection): 15,99

kmdiff, large-scale and user-friendly differential
i k-mer analyses 3 TGGGGGTCATCGCCGTGGACCGCTACAT@A. .
Téo Lemane, Rayan Chikhi, Pierre Peterlongo &

- 58
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What just happened?

Casually analyzed 59,000 SRA accessions for this talk
374 Terabases of reads, 0.7% of all public sequencing data
e Downloaded assemblies and mapped to a reference gene in
< 1 day on a single modest AWS instance
e Total analysis cost: 9%

This enables any biological question to be investigated using all of
the planet’s sequencing data quickly, by anyone
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Conclusion

e SRA-scale analyses now 100x more tractable
e Logan: all of Life’s genomic data at your fingertips

Technically:

e Easy data access (.fasta.zst instead of .sra format)
e K-mers pre-counted, mean abundance per unitig, assembly graphs provided
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Sequence

Lab members:

Francesco Andreace
Gaetan Benoit
Rayan Chikhi
Camila Duitama
Yoann Dufresne
Victor Levallois
Mélanie Ridel
Timothé Rouze
Yoshihiro Shibuya

PR[AIIRIE

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

¥y Bioinformatics

{ P) INSTITUT
PASTEUR

Alumni:

Luc Blassel

Luca Denti

Mael Kerbiriou

Téo Lemane
Camille Marchet
Pierre Marijon
Riccardo Vicedomini

Logan co-creators:

Artem Babaian, UofT
Brice Raffestin, |IP

Greg Autric, AWS
Maxime Hugues, AWS
Anton Korobeynikov, IND
Robert Edgar, IND

AWS support (Dorian Schaal,
Adrien Lainé)

Dorian Schaal
Sales Representative, AWS

Account Manager, AWS

Greg Autric
Solution Architect, AWS

Brice Raffestin
DevOps, Institut Pasteur

Dr. Maxime Hugues
HPC Solution Architect, AWS



Thank you for your
attention!
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