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Software for Computational Pangenomics

+» Data structures

( Genome A Computational Pangenomics

* Thousands of input sequences
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* Process large number of strings
e (© - in a reasonable time
— - within the limits of RAM
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Genome D * Construct a compact index

L ) that allows fast queries




Software for Computational Pangenomics

+» Data structures
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k-mer set B
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k-mer set C

Computational Pangenomics

* Requires advanced algorithms
and data structures

— colored k-mer sets

Idea: k-mers & colors
Split each genomic sequence into
overlapping substrings of length k




Software for Computational Pangenomics

+» Data structures

Genome A _ ’
ATCTCACCTA k=3 De Bruijn Graph
Genome B N N

ATGTCAC CTA it g g GV

G0

symmetric “bubbles” CA HA CH T
— SNPs, MNPs




Software for Computational Pangenomics

+» Data structures

Genome A _ .
ATCTCACCTA k=3 De Bruijn Graph
Genome B X R

ATGTCA CTA CAG > AGC = GCT

G0

asymmetric “bubbles” [CAC]—(ACT
— insertions, deletions




Software for Computational Pangenomics

+» Data structures

CTC

De Bruijn Graph

TCA

Genome A
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Software for Computational Pangenomics

+» Data structures

Computational Pangenomics

* Requires advanced algorithms
and data structures

— colored k~-mer sets

Idea: k-mers & colors
Split each genomic sequence into
overlapping substrings of length k

r
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AACG CAAG

| Colors: {A} _ Colors: {A, B}
(AACT (cAcG

| Colors: {B} _ Colors: {C,D}
(ACCG (cAGG

| Colors: {C} _ Colors: {B,C,D}
(AccT (ccGG

_ Colors: {D} _ Colors: {A,B,C,D})
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Software for Computational Pangenomics

+» Data structures

For each input, store the set of k-mers

[ Jemer set A | (AACG ) (cAAG K
N ———_——————____————, Colors: {A} )| Colors: {A, B}

[ kemer set B ) (AACT ) (eace K
L e —— | Colors: {B} J| Colors: {C, D}

( kemer set C ) (ACCG ) (cAGE K
L ————_____———_—_——_) L Colors: {C} L Colors: {B,C,D}

[ kemer set D ) (ACCT ) (cces )
L -————_—____—_—_——_) Colors: {D} I Colors: {A,B,C,D})

For each k-mer, indicate the input data
in which the k-mer is present




Software for Computational Pangenomics

+» Data structures

For each input, store the set of k-mers

Genome A _ _
ATGTCAGCTA k=3 || h=3

ATG

TGT
GTC set of hash functions

TCA
CAG

—

set of bits 00000000000000000000000000000000000000000

Efficient storage using a filter
e.g. bloom filter




Software for Computational Pangenomics

+» Data structures

For each input, store the set of k-mers

Genome A _ _
ATGTCAGCTA ) | R

ATG ;

TGT | | |
GTC 32 7. 18

TCA
CAG

—

set of bits 00000001000000000010000000000000100000000

Efficient storage using a filter
e.g. bloom filter




Software for Computational Pangenomics

+» Data structures

For each input, store the set of k-mers

Genome A
ATGTCAGCTA

Genome B

ACGTTAGCTG

Genome C

CGGTAACGAG

Genome D

GTATTACCAT

00111101101010001111110001001001100010000
01010111011010110100000011110111000111100
00010111010011011001001011000011110010011

00101100110011110011011101110001000010100

Efficient storage using a filter
e.g. bloom filter




Software for Computational Pangenomics

+» Data structures

For each input, store the set of k-mers Index
Genome A 00111101101010001111110001001001100010000
Genome B 01010111011010110100000011110111000111100
Genome C 00010111010011011001001011000011110010011
Genome D 00101100110011110011011101110001000010100

Query

GTC|— 3,12,5

is probably in Genome B

GTCC
definitely not in A, C, D

/N

TCC| — 10, 6, 24

false positive rate due to collisions,
is controlled by h & number of bits




Software for Computational Pangenomics

+* Available tools

SeqOthello
Mantis

SBT/SSBT
AllSomeSBT
HowDeSBT

BFT
Bifrost

Cortex
McCortex

BIGSI
COBS
RAMBO

Raptor
Themisto

kmtricks
kcollections

Cosmo|VARI
Rainbowfish
Cuttlefish

REINDEER
GATB-core




Software for Computational Pangenomics

+* Available tools

SeqOthello Mantis SBT/SSBT HowDeSBT BIGSI

PreProcess count hashes makebf build

4 N\ 4 \ 4 N\ 4 N\ 4
Group build count cluster bloom
Build mst build build build
Query query query query search
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Software for Computational Pangenomics

+* Available tools

SeqOthello Mantis SBT/SSBT HowDeSBT BIGSI

s

construct index

query sequence




Developing a common standard interface

% Software for colored k-mer sets (SOCKS)
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Software for colored k-mer sets (SOCKS)

+* SOCKS interface

e  construct index
— input: set of sequences, each with a distinct color
- output: index

input: plain text file containing the sequence file names
— list of assembled genomes/contigs, multiple fasta
— list of read sets, single-end or paired-end fastq
— one line per color, e.g. whitespace-separated

output: one or multiple files for the constructed index
—  proprietary/binary format, compact, fast read/write
— interoperable format, e.g. gfa| fasta | k-mer matrix

10



Software for colored k-mer sets (SOCKS)

+* SOCKS interface

e build : construct an index from a set of sequences

o input: plain text file containing the sequence file names, e.g.:

COLOR_NAME_1: /PATH/TO/GENOME.FASTA
COLOR_NAME_2: /PATH/TO/READ_1.FASTQ /PATH/TO/READ_2.FASTQ

o output: index in binary or interoperable format, e.g. kmer file format
(at least one of the options, binary or interoperable format, should be provided)
(if both options are provided, it should be possible to switch using a parameter)
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Software for colored k-mer sets (SOCKS)

+* SOCKS interface

®  query sequence
- input: k-mer(s)
- output: set of colors

input: plain text file containing the k-mers
— one line per k-mer query

output: plain text file listing the color sets
— list of positive hits, e.g. whitespace-separated
— hit/miss vector, e.g. present="1", absent="0'
— one line per k-mer query result
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Software for colored k-mer sets (SOCKS)

+* SOCKS interface

e lookup-kmer : find the color sets for a list of k-mers

o input: plain text file containing the k-mers, one per line, e.g.:

ACGTACGT
ACCTAGGT

o output: plain text file listing the color set for each k-mer, e.g.:

(as list of positive hits)

ACGTACGT: COLOR_NAME_1 COLOR_NAME_4 COLOR_NAME_7 ...
ACCTAGGT: COLOR_NAME_1 COLOR_NAME_5 COLOR_NAME_8 ...
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Software for colored k-mer sets (SOCKS)

+* SOCKS interface

e Tlookup-kmer : find the color sets for a list of k-mers

o input: plain text file containing the k-mers, one per line, e.g.:

ACGTACGT
ACCTAGGT

o output: plain text file listing the color set for each k-mer, e.g.:

(or as a binary vector)

ACGTACGT: 10010010...
ACCTAGGT: 10001001...
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Software for colored k-mer sets (SOCKS)

+* Available tools

SeqOthello
Mantis

SBT/SSBT
AllSomeSBT
HowDeSBT

BFT
Bifrost

Cortex
McCortex

BIGSI
COBS
RAMBO

Raptor
Themisto

kmtricks
kcollections

Cosmo|VARI
Rainbowfish
Cuttlefish

REINDEER
GATB-core
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C O D localhost:8000/tools/
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» Genome Informatics » Research > Studies » Internal

You are here: home » research » panbench

Pangenomics Benchmark & Workbench

bifrost

BloomFilterTrie

bloomtree

bloomtree-allsome
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Il seqan/raptor

> C O D localhost:8000/tools/raptor/
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» Genome Informatics » Research > Studies » Internal

You are here: home » research » panbench

Raptor

L3
Required
names ? files 2

| Browse... \ No file selected. Browse... | No file selected.

Optional
kmer 2 size 2

20 B 1024

compressed ?

2 < false

Privacy
| would like to be notified when my job status changes. Please contact me via the following email address:

| want my browser to keep track of my current jobs and parameter settings. This requires the use of cookies.

Reset Submit

A fast and space-efficient pre-filter for querying very large collections of nucleotide sequences

Download and Installation
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[l seqan/raptor

« > C O D localhost:8000/tools/t  open i names.txt
~/home/example
g i 1[536: 536.fasta
o - UNIVERSITAT 2 APECO1: APECO1.fasta

4+ | 4B18BS512: B18BS512.fasta
(BN ‘w@ 5B4Sb227: B4Sb227.fasta
=4 3R

{
BIELEFELD » X \ l 3 ATCC8739: ATCC8739_1.fasta ATCC8739_2.fasta
) "." ;
!

. -
hod | ’I’echni;chiFukult&t o
% Lo AR 6 BW2952: BW2952_1.fasta BW2952_2.fasta BW2952_3.fasta
7 CB9615: CB9615.fasta
8 CFTO73: CFTO73.fasta
» Genome Informatics » Research 9 D15d197: D15d197.fasta
10 DH10B: DH10B_1.fasta DH10B_2.fasta DH10B_3.fasta DH10B_4.fasta
11 E234869: E234869.fasta
12 E24377A: E24377A.fasta
13 ED1a: EDla_1.fasta EDla_2.fasta EDla_3.fasta
14 EDL933: EDL933.fasta
15 F2a2457T: F2a2457T_1.fasta F2a2457T_2.fasta
pRsSET 16 F2a301: F2a301.fasta
Raptor — == = 17 F5b8401: F5b8401.fasta
18 HS: HS_1.fasta HS_2.fasta HS_3.fasta
19 IAI1: IAIl.fasta
) 20 IAI39: IAI39.fasta
Required 21 MG1655: MG1655.fasta
hames ? N 22588: 588_1.fasta S88_2.fasta S88_3.fasta S88_4.fasta
B 23 Sakati: Sakati.fasta
| Browse... \ No file selected. 24 SE11: SE11.fasta
25 SMS35: SMS35_1.fasta SMS35_2.fasta SMS35_3.fasta
Optional 26 SSSs046: SSSs046.fasta
KOs @ 27 UMNG26: UMNG26_1.fasta UMNO26_2.fasta
. 128 UTI89: UTI8Y.fasta
20 29 W3110: W3110.fasta

PlainText ¥ Tab Width:4 v Ln1, Col1

compressed 2

2 < false

Privacy
| would like to be notified when my job status changes. Please contact me via the following email address:

| want my browser to keep track of my current jobs and parameter settings. This requires the use of cookies.

Reset Submit

A fast and space-efficient pre-filter for querying very large collections of nucleotide sequences

Download and Installation
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» Genome Informatics » Research > Studies » Internal
You are here: home » research » panbench

Raptor crmmmr=n vecenda | o i o]

© COMPLETE
6807e7e7-566Cc-47a8-921b-2465b1e8fcd7$ ./build/bin/raptor socks build ./names.txt --output ./index --kmer 20 --hash 2
--size 1k

Process finished with exit code 0

DOWNLOAD

A fast and space-efficient pre-filter for querying very large collections of nucleotide sequences

_Download and Installation
o 2 | ' B3




Pangenomics Benchmark and Workbench

@e*N BI

anBenchServer

panbench.eu
Interface Benchmark

. J




Pangenomics Benchmark and Workbench

Benchmark

\_

:
14



Pangenomics Benchmark and Workbench

Benchmark

\_

:
14



Pangenomics Benchmark and Workbench
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