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SRA: Open Science at Its Best

"Earth's genetic biodiversity is the shared heritage of all living organisms, and as scientists we are
responsible for liberating and sharing this heritage with everyone. Freely, and openly."

“Library of Alexandria”
for genetics

Billions dollard data



My objective / obsession

* Propose a genomic search engine
 Covering the Library of Alexandria for genetics, SRA

AGGGGCTGAGCGGCGGGCAGGCAGCTTTCAGGGACTCAGTTCT X

Q_ All ] Images ) Shopping [»] Videos © Maps : More

About O results (0.18 seconds)

did not match any documents. a
B\

Your search - AGGGGCTGAGCGG( ot ﬁ@CAGCT; 3 CAGTTCTACA -
A
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A taste of algorithmics

Assembly, kmers, and de Bruijn Graphs



k-mers, why and what.

- Noword in DNA: ... ACGGCGCATCTGGTCGTATGACGAGCAGCT...
- Split to subsequences of fixed length k (called k-mers)

DNA

Alcle/aGgla|T/Alc|G A
! 4 . Sequence

A GG T
4-mers <

- Nb words in Oxford English dictionary: ~600, 000
- Number distinct 31-mers: 4,611,686,018,427,387,904
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Unitigs & Contigs

Contigs: typical output of genome assembly

methods
consensus sequence

No clear definition

Unitig: simple path in the de Bruijn graph

(AAC +{ACA
e _CAT J»(ATA )+ TAG }( AGT ) s

Unitigs

Conti
— CAG )—{(AGG { GGT e
GTG

h from Menegaux, Vert




Realization: logan



Logan: Outline

& SN
B Y o ,*-:-:\&‘;A.

PI: Rayz;l ;.ikhi
50 petabases of reads were downloaded & assembled on AWS cloud

Reconstructed all contigs and unitigs in the entire SRA

(27 millions samples)
- 0.3 PB of contigs
- 2 PB of unitigs
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Search something on Logan data

* Sequence alignment with DIAMOND (--sensitive)
streaming all of Logan contigs

. 11 hours on 60k cloud vCPUS (10kS)






Querying using kmers



Querying using kmers

Query sequence

ACGAGGTACGA In bank
ACGA Yes
CGAG Yes
GAGG Yes
AGGT Yes
GGTA Yes
GTAC No
TACG Yes
ACGA Yes

e 7 over 8 kmers shared with a dataset
» 7/8 of the query in the bank
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Query sequence
ACGAGGTACGA  In bank

ACGA Yes
CGAG Yes
GAGG Yes
AGGT Yes
GGTA Yes

GTAC No

Comparing using kmers?

+ 7/8 of the query in the bank

Alignments kmers
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Query sequence
TACGA In bank

Genomic research engine: conceptual view
indeX L eaner a2t

Atomic question

- Given a queried kmer, in which sets does it exist?

Set
ACGGATC..GACTCAA — . > éé
1928
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. . A bloom filter

Bloom Filter

A bit vector B of fixed size

Add one element:
B[hash(element)] =

Query one element: B[hash(element)]
0: absent

1: present (possibly a False Positive)

¢e$€6 E= {w7 Y, Z}

—_ | = | O] O] m| O| O =™
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Indexing: conceptual view

One read set:

» Extract & count kmers
* Filter kmers

* Generate a bloom filter

Reads Counted
>readl kmers

ACGAG..ACGTA
>read? AAAAAC 12

ACGGC..GGACT ACCATA 4
AGCTAT—F

>readl000000 o
GGCGA..AGATA TCGGAT 5

N read sets:
* Create N bloom filters
* Thisis the index

e Bloom
DaaAdc

DnoaAdc FIltEI’S
Reads

> . ( >readl
(> . ACGAG..ACGT
11
T >readl1000000
GGCGA..AGAT




Indexing: conceptual view

Sequence ACGAGGTACGA
~ ACGA ™
CGAG
GAGG
AGGT
kmers < COTA >
GTAC
TACG

ACGA

Bloom
Filters

Presence of each
kmer in each
indexed dataset

Presence of
ACGAGGTACGA in

‘| each indexed

dataset
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Realization: logan-search



Logan

~50 petabases
of raw reads (SRA)

385 terabytes contigs
s3://logan-pub/c/

s3://logan-pub/u/

2.18 petabytes unitigs |

27 million samples
2 million billions k-mers
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Logan + kmindex = Logan Search

T — TT——
O ——
__7.. -

~50 petabases
of raw reads (SRA)

385 terabytes contigs
s3://logan-pub/c/

2.18 petabytes unitigs

2 centuries cpu time

s3://logan-pub/u/

27 million samples
2 million billions k-mers

Chikhi, R., Raffestin, B., Korobeynikov, A, Edgar, R. C, & Babaian, A. (2024).
Logan: Planetary-Scale Genome Assembly Surveys Life's Diversity.
bioRxiv, 2024-07.

-

~LFogan Sear

Query The Planet:
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Query The Planet:

~50 petabases

of raw reads (SRA)

. - 4
e T -

—

2 centuries cpu time

385 terabytes contigs
s3://logan-pub/c/

109 sub-indexes:

2.18 petabytes unitigs | Genomic Human
s3://logan-pub/u/ - Transcript. Mice

MetaG X | Viruses
27 million samples MetaT Mamals
2 million billions k-mers SingleCell Bact.

Chikhi, R., Raffestin, B., Korobeynikov, A, Edgar, R. C, & Babaian, A. (2024).
Logan: Planetary-Scale Genome Assembly Surveys Life's Diversity.
bioRxiv, 2024-07.

23



Logan-search answer:

INPUT

text file session

Query sequence(s) *
Fasta/Fastq format

>my_query
AGCATACACGACACATATACGAC

NOTIFICATION

Email

me@mail.com

CONFIGURATION
Groups

all x X

Threshold = 0.4

o)
0.25 1.0

perform a query
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Logan-search answer: perform a query

ID J Similarity Bioproject Biosample

| | ¥ || | ¥ | | ¥ | | ¥
SRR9860238 (SRA|OV) 0.723 PRJNA556735 (SRA|OV) SAMN12384881 (SRA|OV)
SRR9860233 (SRA|OV) 0.689 PRJINA556735 (SRA|OV) SAMN12384871 (SRA|OV)
SRR9860232 (SRA|OV) 0.727 PRJINA556735 (SRA|OV) SAMN12384871 (SRA|OV)
SRR9860231 (SRA|OV) 0.727 PRJINA556735 (SRA|OV) SAMN12384871 (SRA|OV)
SRR9860230 (SRA|OV) 0.727 PRJNA556735 (SRA|OV) SAMN12384871 (SRA|OV)

About your query (Al generated)

The query sequence is most likely from the marine microorganism Pelagomonas calceolata, with possible origins in diverse oceanic regions, and it appears
in various sequencing datasets primarily focused on marine environments, often using RNA-Seq and WGS techniques, suggesting its biological context is
likely tied to oceanic ecosystems and metagenomic studies.

SRR9860223 (SRA|OV) 0.761 PRJNA556735 (SRA|OV) SAMN12384872 (SRA|OV)
SRR9860222 (SRA|OV) 0.681 PRJNA556735 (SRA|OV) SAMN12384872 (SRA|OV)
SRR9860221 (SRA|OV) 0.702 PRJINA556735 (SRA|OV) SAMN12384872 (SRA|OV)
SRR9860219 (SRA|OV) 0.857 PRJNA556735 (SRA|OV) SAMN12384872 (SRA|OV)
SRR9860218 (SRA|OV) 0.857 PRJNA556735 (SRA|OV) SAMN12384872 (SRA|OV)
SRR9860217 (SRA|OV) 0.857 PRJINA556735 (SRA|OV) SAMN12384872 (SRA|OV)
SRR9860216 (SRA|OV) 0.828 PRJNA556735 (SRA|OV) SAMN12384872 (SRA|OV)

Page Size: | 100 v

1to 100 of 111

IK < Pagelof2 >

>l
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_Query 1 kbp of Pelagomonas calceolata (point size is the nhumber of hits pér Iocatioﬁ)

ERR598982

location_count=28
latitude=-34.8901
longitude=18.0459
location_avg_coverage=0.95

Average kmer_coverage

0.55

0.5
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Logan-search answer: exploit metadata

organism

‘mbystoma mexicanum

Ambystoma velasci [
Ambystoma andersoni

nbystoma californiense

Ambystoma
Ambystoma |aterale
Ambystoma tigrinum
Paeonia rockii
\mbystoma maculatum
Paeonia

tissue

forelimb
blastema
heart
lung

forearm
and

spinal cord
brain

liver
embryo
tailfin
cartilage
tail bud
spleen

e

nerv
skeletal muscle
gill fllarr?ent

ea

blood vessel

. Ieg
limb bu

bone

skin

endoderm

[
—
—
.

kmer_coverage
1

assay_type 0.9
0.8
RNA-Seq
0.7
— EST
0.6
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Logan-search answer: Align query to contigs or unitigs

SRR6322938 X unitigs contigs m

Unitig ID Length Kmer Found Unitig Kmer C... Abundance Unitig
4 Y v Y A4 A4
| SRR6322938_134... 114 84 1 14.2 AGCGTGAGAAGT...
SRR6322938_182... 301 19 0.44 15.9 GCAGCTAATCAG...
SRR6322938_801... 61 31 1 8 AAGTGTTTGTATA...
SRR6322938_821... 61 3 0.1 6.1 GCAGGAACACAA...

Anthony Baire, Pierre Marijon, Francesco Andreace and Pierre Peterlongo (2024).

Back to sequences: Find the origin of k-mers.

Journal of Open Source Software, 9(101), 7066, https://doi.org/10.21105/j0ss.07066
28



Logan-search answer: Align query to contigs or unitigs

Score = 1842 bits (997), Expect = 0.0
=1

Identities = 1000/1001 (99%), Gaps /1001 (0%)
Strand=Plus/Minus
Query 1 CTAAATCGGTAACTCTTATCTGACTACCTGCTTGCAGATGACACGAGATGTGCGTGTCCA 60

. LEEEEEEET LR e e e e e et e et rrn|
Sbjct 1477 CTAAATCGGTAACTCTTATCTGACTACCTGCTTGCAGATGACACGAGATGTGCGTGTCCA 1418

Query 61 GAGATGCAACAGGAGCATCGTGCCCGAGCTTGATGAGGATGGTACCCTCATCATAGCCGA 120

, LECLEEEEEELEEECEE LT e e e e e et et e et e irrn|
Sbjct 1417 GAGATGCAACAGGAGCATCGTGCCCGAGCTTGATGAGGATGGTACCCTCATCATAGCCGA 1358

Query 121  TTGCTAATCCGTTTGACTCTT-GGCTGCAGATATTGACCACGCACGTTCCAATCCGTAAT 179

, LECLEELEEEEEEEr e L et e e e e e e e it
Sbjct 1357 TTGCTAATCCGTTTGACTCTTTGGCTGCAGATATTGACCACGCACGTTCCAATCCGTAAT 1298

Anthony Baire, Pierre Marijon, Francesco Andreace and Pierre Peterlongo (2024).
Back to sequences: Find the origin of k-mers.
Journal of Open Source Software, 9(101), 7066, https://doi.org/10.21105/j0ss.07066



From logan-search results to blast

[0 README a2 GPL-3.0 license 7 =

Blast Logan-Search results against query

From To

Logan-Search results Blast alignments

logan_blast.sh -s kmviz-bZ2bced461-cal3..
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Logan-search uncovers novel biological
associations of viruses

a b ., ; In vitro T cell culture c
/\ ~ 3 : s A PRINA206380 A PRINAS24856 Gl cancer |
f\\ g 7 e In vitro & in vivo CAR T
| In vitro & in vivo T
a g 5 13 unique BioProjects PRJINAT91547 PRJINABG3599 H :
Logan-Search g 2 ‘ """"""""" Eoganiiscovers d carT{ ]
. . Query: HHV-6B transcripts E 2 : © PRINA1013242 @ PRINA779978 Organoid D
Query: HHV-6B transcripts (5 minutes) e | e L —
- Filter: assay__type == RNA-Se 5 0 H PRUNAS21512 PRJNAG01810
©° organism == \ 0 25 50 75 100 g pRiNAGSTOS OPRMNASSSSS | 0 0 I 2 3 4 5
Where: human RNA-seqg s s
) d PRJNA901910 TILs RNA-Seq e ® TILS pan-H3ac ChIP-Seq
5745 ||  NcTotesetst || ICTO1701674 Clinical Trial &,
20 oce : Yo
3] 9.7 1004 ' l' “| \l s
FO un d . £ i [Profied g | L ’:‘»"l' v h*"‘;'ﬂ " |
. g ., : TIL subset g 29 fh,
. . . . g ~ § cous g il
o 13 distinct bioprojects s = £ |
—_ © 1.1 L] T 0
> 1 L ] I
O 4 SerVEd as pOSItlve CO ntrOlS % 1o o ] T e 0 40,000 80000 120000 160,000
A1 1 N S e Position in HHV-6 reference
51602002

Focus on biosamples about TIL therapies

(Tumor Infiltrating Lymphocytes)

Observation: HHV-6 reactivation in TIL therapies
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Alix Regnier
Sebastien Bellenous

Logan, work in progress

Today Tomorrow
* Not compressed « Compressed
« Wholeindex: 1PB * Whole compressed index: 300TB (?)
* Housed by Microsoft Azure * Housed by TACC
 File system not adapted « Galaxy
* One query: Tkb max, 5minutes * Hope:instant and bigger queries
* Indexes SRA as of Dec 2023. « Updated unitigs/contigs and index
« Almost doubled
* LLM Analyze: « LLM Analyze
« Based on metadata « Based on scientific papers

* |nteractive
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A few technical details about kmindex
construction and structure

e |f we have time...



hash,
hash,

hash;

STORED INDEX
S

0

0
0

/

Tuonnied

-

38



haSh1
hash,

hash,

STORED INDEX

Si1 S; S3 S4 Ss Sg  Snoy
o|({1/{O0([Of|Of[1(|1
O|({1/{O0([21(|{Of|O||1
O(|{1(f[{1||0||1]|0]||O

Tuonnied
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hash,
hash,

hash;

STORED INDEX

S; S S3 S;4 Ss Sg Sp-y
O|({1/{O0([Of|Of|1(|1
O|[1|{O([{21|(O0]||O(|1
o|({1|(1||0f[{1|(O]|O

Tuoned
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hash,
hash,
hash;
hash,
hashs
hashg
hash;
hashg

hashg

STORED INDEX

S, S, S; S; Ss Se S
of[2||ollollo]|2]]1 9
of[1||oll2]||o]lo]]1 %
=;
offz[[z]loflz]|o]]|0 =
of{of[z|lo]flo]lo]]|1 g
oflofloflol[2]|o]]0 %
1|0 ollof|l1]|o o
olfoflof[z]lo]lo]]|0 5
1|lol|lo||ol|o]|o]]1 %
1{loll1][o]]ol|2]|21 w

—

min(0, 8-N%8)
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How to distribute k-mers into partitions?

hash,
hash,
hash,
hash,
hashs
hashg
hash,
hashg
hashg

STORED INDEX

S, S, S; Si Ss Se S

oll1{lollollo][1]]1 .
ol 1{lol[1][o][o]]2 %
oflx|l1]{oll2]lo]]0 2
ollo|[1]||o][o]|o]|1 3
ollofloflof|z][o]l0 %
1{lofl2]lo]lof|2]]0 o
ollof{ol|1][o]lo]|0 .
1{{o|lo]|lo|lo]|lo]]1 %
1[lof[2][oflo]|2]|2 w

—

min(0, 8-N%38)

42



How to distribute k-mers into partitions?

ATAACTCGACA

k=11,m =4

->

?

hash,
hash,
hash,
hash,
hashs
hashg
hash,
hashg

hashg

STORED INDEX

S, S, S; Si Ss Se S

oll1{lollollo][1]]1 .
ol 1{lol[1][o][o]]2 %
oflx|l1]{oll2]lo]]0 2
ollo|[1]||o][o]|o]|1 3
ollofloflof|z][o]l0 %
1{lofl2]lo]lof|2]]0 o
ollof{ol|1][o]lo]|0 .
1{lo|lo]lol|lo]|]lo]]1 g
1[lof[2][oflo]|2]|2 w

—

min(0, 8-N%38)
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How to distribute k-mers into partitions?

ATAACTCGACA
TAACTCGACAT

k=11,m =4

-> AACT
-> ?

hash,
hash,
hash;
hash,
hashs
hashg
hash,
hashg

hashg

STORED INDEX

S; S; S3 S4 Ss Sn=7
oll{1llollo]]o 1 -
3
ol{1llof||1]]o0 1 =
S
ofll1|l1]lo]|]1 0 =
ollofl1]lo]||o0 1 3
3
ollofllo]|lo]]|1 0 =
S
1{lofl1|lo]|loO 0 N
olloflo]|l1]]0 0 >
pa
1{lol|lo||o]]|o 1 =
g
1{lofl1]lo]l]o 1 o

—

min(0, 8-N%38)
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How to distribute k-mers into partitions?
STORED INDEX
ATAACTCGACA -> AACT S; S, S; Si Ss S Sn-s

TAACTCGACAT -> AACT
A oll1]loflo]flo]||1]]|1
AACTCGACATA > AACT hash, S
ACTCGACATAG -> ACAT hash, |O0||1([{O|[1]|O0f|O(|1 g
CTCGACATAGT -> ACAT hash, |0 || 1/[1||of|1/|[0]||O =
TCGACATAGTA -> ACAT
— hash, o ||lo||1|lo]|lo||o0]|]1 I
hashs |0||o||o|lo|l1]||o]||O %
3
hashg [1||O0||1(|O||Of|1]]|O N
hash, |0 |[of|o||1/lo|lo]]o0 o
k=11,m=4 %
hashg [1||0||O0||O|lO|[O]|]|1 g
hashe || 1|0 || 2 ][00 1]]1 w
min(O‘,?I;%S)
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How to distribute k-mers into partitions?

ATAACTCGACA -> AACT
TAACTCGACAT -> AACT
AACTCGACATA -> AACT
ACTCGACATAG -> ACAT
CTCGACATAGT -> ACAT
TCGACATAGTA -> ACAT
k=11,m =4

.
IRN

hash,
—— hash,
hash;
hash,
——» hashs
hashg
hash

hashg

\\\\\\\‘hashg

STORED INDEX
Sl SZ S3 S4 SS s6 SN=7

O|[1|{O0|{O|[{O([1](]1

O([{1(|0|{21(|O0]|[O}(]1
Of|1|{1(|O]|[1(]|0O]]|O

min(0, 8-N%38)

-
o
—
o
o
[
[
|
kuo!l!ued cuonnied Tuoniied
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QUERY TIME

Queries

>4

>qpy

Hashes of kmers -

Batch1l

hash,
hash,
hash,
hash,
hashs
hashg
hash,
hashg

hashg

S; S; S3 S;4 S5 Se

STORED INDEX

Sn=7

0

0

1({]0[|0}(]|O
1(/]0(]1](0O
1){1]|0{|1
O|(1(|O0(|O
O({|O0[|0]f1
O({1(|0]|O
O(|lO]|l1](]|O
0O(|O||O|]|O
O|{1(|0]|O

1

1

1
0

—

8-(N%8)

cuonnJied Tuoniyied

guoned
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Back to sequences: Find the
origin of k-mers

https://github.com/pierrepeterlongo/back to sequences

Baire et al, (2024). Back to sequences: Find the origin of k-mers. Journal of
Open Source Software, 9(101), 7066, https://doi.org/10.21105/joss.07066
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https://github.com/pierrepeterlongo/back_to_sequences

Find similar sequences

Kmindex enables to know to which dataset D my query O is similar
“Super, but Q is similar to which sequences d; from D?"

similar to

>readl ///////////,l—$
CGGCATCTAGGGGCAT , (b2s)

>read?2 _,,//////////
TTACGGATGGCATCAC «—

>readl00, 000,000
GGCATGGCGAGCGGCA
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Back to sequences

* IN:
« A query ( (seen as a set of kmers)
« Abank D

e QUT:

« Sequences d; from the bank similar to the query

 Optionally:
« Abundance of kmers from 0 in D
« Mapping positions of kmers from ¢ in each



