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Computational Pangenomics

• Thousands of input sequences

• Process large number of strings
- in a reasonable time
- within the limits of RAM

• Construct a compact index
that allows fast queries

Genome A

Genome B

Genome C

Genome D

Software for Computational Pangenomics
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Computational Pangenomicsk-mer set A

k-mer set B

k-mer set C

k-mer set D

• Requires advanced algorithms
and data structures

Software for Computational Pangenomics

→ 

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

Software for Computational Pangenomics

ATGTCAGCT

ATG TGT GTC TCA

CAG

CTA

AGC GCT

De Bruijn Graph

Genome B
ATGTCA

ATG TGT GTC TCA

CAC ACC CCT

CTA

coloredk = 3

symmetric “bubbles”
→ SNPs, MNPs

CTAC

CAGCTA
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Genome A

Software for Computational Pangenomics

ATG TGT GTC TCA

CAG

CTA

AGC GCT

De Bruijn Graph

Genome B

ATG TGT GTC TCA

CAC

CTA

coloredk = 3

asymmetric “bubbles”
→ insertions, deletions

ACT

ATGTCA CTA-

ATGTCAGCTCAGCTA
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Genome A

Software for Computational Pangenomics

ATG TGT GTC CTA

De Bruijn Graphcolored

CAG AGC

GCTTCA

CTC

“loops”
→ repeats

and many more complex structures…

ATGTCAGCTCAGCTA
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Software for Computational Pangenomics

Computational Pangenomics

• Requires advanced algorithms
and data structures

→ 

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

Colors: {A}

Colors: {B}

Colors: {C}

Colors: {D}

Colors: {A, B}

Colors: {C, D}

Colors: {B,C,D}

Colors: {A,B,C,D}
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Colors: {A}

Colors: {B}

Colors: {C}

Colors: {D}

Colors: {A, B}

Colors: {C, D}

Colors: {B,C,D}

Colors: {A,B,C,D}

For each input, store the set of k-mers

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

k-mer set A

k-mer set B

k-mer set C

k-mer set D

Software for Computational Pangenomics
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Genome A

Software for Computational Pangenomics

set of bits

k = 3

For each input, store the set of k-mers

Efficient storage using a filter
e.g. bloom filter

00000000000000000000000000000000000000000

ATGTCAGCTA h = 3

h1 h2 h3

set of hash functions

ATG
TGT
GTC
TCA

CTA
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Genome A

Software for Computational Pangenomics

set of bits

k = 3

For each input, store the set of k-mers

Efficient storage using a filter
e.g. bloom filter

00000001000000000010000000000000100000000

ATGTCAGCTA h = 3

32, 7, 18set of hash functions

h1 h2 h3

ATG
TGT
GTC
TCA

CTA
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Genome A

Software for Computational Pangenomics

For each input, store the set of k-mers

Efficient storage using a filter
e.g. bloom filter

00111101101010001111110001001001100010000ATGTCAGCTA
Genome B

01010111011010110100000011110111000111100ACGTTAGCTG
Genome C

00010111010011011001001011000011110010011CGGTAACGAG
Genome D

00101100110011110011011101110001000010100GTATTACCAT
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Genome A

Software for Computational Pangenomics

For each input, store the set of k-mers

00111101101010001111110001001001100010000
Genome B 01010111011010110100000011110111000111100
Genome C 00010111010011011001001011000011110010011
Genome D 00101100110011110011011101110001000010100

/ SRA Exp.
/ SRA Exp.
/ SRA Exp.
/ SRA Exp.

Index

Query

GTCC
GTC

TCC

3, 12, 5

10, 6, 24

is probably in Genome B
definitely not in A, C, D

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

AllSomeSBT

BFT
Bifrost

Cortex
McCortex

COBS
RAMBO

Raptor
Themisto

kmtricks
kcollections

Cosmo|VARI
Rainbowfish
Cuttlefish

REINDEER
GATB-core
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…and many more

SeqOthello
Mantis

SBT/SSBT

HowDeSBT

BIGSI
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vAvailable tools
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PreProcess

Group

Build

Query

count

build

mst

query

SeqOthello Mantis

hashes

count

build

query

makebf

cluster

build

query

build

bloom

build

search

SBT/SSBT HowDeSBT BIGSI

construct index

query sequence
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vAvailable tools
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SeqOthello Mantis SBT/SSBT HowDeSBT BIGSI



Developing a common standard interface

vSoftware for colored k-mer sets (SOCKS)
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Knut Reinert Nadia Pisanti Carl Kingsford Brad Solomon Gaurav Gupta

Pierre Peterlongo Rayan Chikhi Yoann Dufresne Paul Medvedev Sven Rahmann



10

• 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

Software for colored k-mer sets (SOCKS)

vSOCKS interface



Software for colored k-mer sets (SOCKS)

vSOCKS interface

10



11

• 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

Software for colored k-mer sets (SOCKS)

vSOCKS interface
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vSOCKS interface
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vSOCKS interface
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Software for colored k-mer sets (SOCKS)

vAvailable 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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…and many more
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panbench.eu

CPU: 64 cores

RAM: 1024 GB

DISK: 1024 GB

Interface Benchmark



Benchmark

Pangenomics Benchmark and Workbench
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false positive rate
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Benchmark

runtime & memory usage



vSpecial Thanks

Thank you for
your attention!
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Pangenomics Benchmark and Workbench


