
The tumultuous fate of 
sequence bioinformatics ideas

Rayan Chikhi
Institut Pasteur
SeqBio team

SeqBim 2022
Slides: https://t.ly/ZC-Y



Hello

● PI,  Bioinformatics algorithms lab @ Institut Pasteur

● CV: PhD @ ENS Rennes/Genscale, Postdoc @ PSU, CNRS @ Lille/Bonsai

@RayanChikhi on Twitter

http://rayan.chikhi.name
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Talk plan
1) mdBG behind-the-scenes
2) WFA history



Who’s read:

1. the mdBG paper? (Ekim et al, RECOMB 2021, Cell Systems 2013)
2. the minia paper? (Rizk, Chikhi, WABI 2012, Almob 2013)
3. the WFA paper? (Marco-Sola et al, Bioinformatics 2021)





















mdBG behind-the-scenes history

Baris Ekim wants 
a project, gave

mdBG

Late Spring 2020 Fall 2020Summer 2020

Idea,
1st prototype

Summer 2019

Doesn’t work
for Nanopore, 

project dropped
Focus on 

error-correcting
for Nanopore

At the same time:
MBG, T2T, 
LJA (competitor), ..

Pivot to 
uncorrected HiFi

But worked fine
with no error



mDBG circa 2019



mdBG takeaways

Projects can be stuck

Ideas can pivot

Big leaps (should) happen quick



Post-hoc motivation

mdBG/Minia:

● Pre-hoc: push dBG space optimization 
● Post-hoc: more efficient assembly by 10x

Additional motivation:

● Make a theoretical advance in one of the 2 basic bioinfo problems
● Personal interests



mdBG future

(Not really human assembly)

● Pangenomics

● Metagenomics assembly (Benoit et al)

● Alignment (Mapquik: Ekim et al)



The tumultuous fate of ideas

On the minimizer front:

● 1995 Locally Consistent Parsing (Sahinalp, Vishkin TR)
● 2004 Minimizers (Roberts)
● 2012 SparseAssembler (Ye), SCALCE (Hach)
● 2013 Minimum Substring Partitioning (Y Li)
● 2014 BCALM1 (Limasset)
● 2015 KMC2 (Kokot)

from concept to 
1st application on
seq data: 17 years



The tumultuous fate of ideas

On the dBG front:

● 1894 "Question 48" Camille Flye Sainte-Marie 
● 1989 “1-Tuple DNA Sequencing: Computer Analysis” Pevzner
● 1995 “A new algorithm for DNA sequence assembly” Idury and Waterman
● 2001 Euler assembler
● Velvet 2008, Soapdenovo 2009, SPAdes 2012

On the dBG data structures front:

● 2009 Soapdenovo
● 2011 Conway-Bromage, khmer
● 2012 Minia
● .. (many more in “A tale of optimizing the space taken by de Bruijn graphs”, CiE 2021)



The tumultuous fate of ideas

On the mdBG front:

● Failed prototype 2019
● Ekim et al 2021
● mapquik 2022 (in prep)
● metaMDBG 2023 (in prep)

;)



Questions? (before moving to part 2)



WFA



WFA primer

Needleman-Wunsch

G A A C

0 -1 -2 -3 -4

T -1 -1 -2 -3 -4

A -2 -2 0 -1 -2

A -3 -3 -1 1 0

C -4 -4 -2 0 2

WFA

G A A C

0 1

T 1 1

A

A

C 1

Skips identical substrings

on diagonals



WFA facts

● O(ns) time
○ n = sequences length
○ s = score of best alignment

● Designed only for affine gap penalties
● O(s²) space (BiWFA: O(s) space)



The tumultuous fate of ideas

On the O(nd) front:

● d = edit distance
● 1985 Ukkonen (ED)
● 1986 Myers (ED)
● 1989 Landau-Vishkin (ED)
● 2017 Xin et al (affine gap)
● 2021 Marco-Sola et al (affine gap)
● 2022 Koerkamp, Ivanov (ED, O(n1.08))

On the O(s) space front:

● 1975 Hirschberg 
● 1986 Myers
● 2022 BiWFA

“The search for a similar algorithm for linear 
or affine gap penalties took three decades.” 
(- Heng Li)

Source: https://github.com/lh3/miniwfa



Alignment speed SOTA

https://github.com/rchikhi/rust-alignbench/



WFA in minimap2 ?



WFA on specialized hardware (PIM)

4x



Serratus: Petabase-scale sequence search

● 5M RNA-seqs aligned (10 PB)
50k assemblies, 28,000 vCPUs on AWS, 
w/ highly optimized align
& fast download from S3

● Discovery of a new 
coronavirus species

● 10x expansion of RNA 
viruses species



Thanks lots to SeqBim organizers!

Thank you for your attention!


