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Genome assembly: Which technology for which step? 

+ Gap-filling
+ Polishing

Extracting
DNA

Sequencing

De novo 
assembly

Scaffolding

Error-
correction?

CƻǊ ŜȄŀƳǇƭŜΧ



2nd generation sequencing for genome assembly

Problem with repetitive elements

Fragmentation

Misassemblies
όǊŜŀŘǎ ǎƘƻǊǘŜǊ ǘƘŀƴ ǊŜǇŜŀǘǎΧύ

Missing parts (amplification biais)

Mate-pair to help scaffolding

But high bp accuracy 

ÝLatest genomes: use paired-end reads 
in combination with other methods

200-800 bp 2 000-10 000 bp



Long-range sequencing for genome assembly (3rd G)

ÝContig sizes in Mb instead of Kb

ÝHigher quality genomes
όōǳǘ ǎǘƛƭƭ ƴƻǘ ŀƴ Ŝŀǎȅ ǘŀǎƪΧύ

Long ςrange 
sequencing

& mapping
Genome Mapping in Plant 
Comparative Genomics. 
Chaney, Lindsay et al.
Trends in Plant Science , 
Volume 21 , Issue 9 , 770 -
780



Input DNA 5 000-10 000 ng     50-100kb

Output Long-read 10-100 kb  (ideally >30-50x coverage?)

Cost 1 sequel cell ς5Gb ς1500$ 
Ý 50x for a 100Mb genome

Advantages Continuous single long molecule
(span over repeat regions e.g.)

Drawbacks High base-pair error rate (10-15%)
False insertions
(costs+ processing time + high qty of DNA)

Bioinformatics Specialized assembly algorithm
- Hybrid error correction (with short-read) (PBcR, Spades, MaSuRCA) if <30x
- Self-correction (HGAP, PBcR, Canu, MARVEL, FALCON)  ->better if enough coverage
- Rapid assembly without correction (Miniasm/Minimap) but need final polishing
tƻƭƛǎƘƛƴƎΥ vǳƛǾŜǊΣ !ǊǊƻǿΣ tƛƭƻƴΧ
Gap-filling: Pbjelly, Cobbler
Scaffolding: LINKS

PacBio -> De novo Assembly



Input DNA 20 ς10 000 ng     10-100kb

Output Long-read 10-200 kb (ideal coverage?)
http://lab.loman.net/2017/03/09/ultrareads-for-nanopore/-> interesting protocol discussion 

Cost 1 run - 1-15Gbς1000$ 
Ý ~50x for a 100Mb genome

Advantages Continuous single long molecule
(Portable+ real time)

Drawbacks High base-pair error rate (10-15%)
False deletions/ homopolymer errors

Bioinformatics Specialized assembly algorithm
- Hybrid error correction (with short-read) (NanoCorr, Spades) if <30x
- Self-correction (Canu)  ->better if enough coverage
- Rapid assembly without correction (Miniasm/Minimap) but need final polishing
Polishing: Nanopolish
Scaffolding: LINKS

Nanopore -> De novo Assembly

http://lab.loman.net/2017/03/09/ultrareads-for-nanopore/


Input DNA 1 ng     >100kb

Output Linked-reads 100-200 kb

Cost One lane -1 library- 2000$ - 120Gb (hiSeqX)
Ý Cheapςusually for larger genomes

Advantages Low costs ςlow requirement of DNA
Link (cloud) reads for scaffolding
Phase information (2 haplotypes)
Low error base-pair error rate

Drawbacks Not ideal for repeated regions
Sparse sequencing (no true single molecules)

Bioinformatics Specialized assembly algorithm: Supernova 2,0
Assembly/Scaffolding: ARCS
Misassembliesdetection: Tigmint

10xGenomics -> De novo Assembly, scaffolding (phasing)

Illumina 
sequencing

long molecule is isolated 
and barcoded

fragmentation

short-
reads are 
grouped by 
barcodes 
άŎƭƻǳŘǎέ



Input DNA 10 000 ng  >100kb (50mg of fresh or flash-frozen tissue)

Output Pairs of reads from cross-linking chromatin
(~mate pair?) >40kb -100kb

Cost ~$10,000 including time/cost/sample prep 
and seq (require all is done there)

Advantages Long-range linkage information 

Drawbacks Sparse sequencing (no true single molecules)
With variable distance between pairs (1kb-1Mb)

Bioinformatics Scaffolding: fragScaff, SALSA, HiRise

Hi-C -> Scaffolding (phasing)



Input DNA Fresh tissue for 500kb-1Mb DNA fragments

Output Scaffolded assembly

Cost у лллϷ ŦƻǊ рллaō ƎŜƴƻƳŜΧΚ
(all done at facilities)

Advantages Estimate gap size

Drawbacks Need a previous assembly (N50 >50-500kb)

Bioinformatics Scaffolding: BioNanoAccess

BioNanooptical mapping -> Scaffolding



For more information



https://www.slideshare.net/suryasaha/sequencing-2017

https://ncgas.org/Blog_Posts/Blog%20Images/sequencing%20technology%20comparisons.htm

Useful links or references

https://www.slideshare.net/suryasaha/sequencing-2017
https://ncgas.org/Blog_Posts/Blog Images/sequencing technology comparisons.htm
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Moll, K. M., Zhou, P., Ramaraj, T., Fajardo, D., Devitt, N. P., Sadowsky, M. J., ... & Silverstein, K. A. (2017). Strategies for optimizing BioNano
and Dovetail explored through a second reference quality assembly for the legume model, Medicago truncatula. BMC genomics, 18(1), 578.

example: Use of Hi-C Dovetail & BioNanooptical mapping to improve a PacBio Assembly

N50 =3Mb N50 =12MbN50 =6Mb

Best pipeline order:
PacBio Assembly > Hi-C scaffolding > BioNanoScaffolding > PacBio Gap filling



A criticalcomparisonof technologies for a plant genomesequencingproject
PiritaPaajanen, GeorgeKettleborough, ElenaLopez-
Girona, MichaelGiolai, DarrenHeavens, DavidBaker, AshleighLister, GailWilde, IngoHein, Iain
Macaulay, Glenn J.Bryan, Matthew D.Clark
bioRxiv201830;doi: https://doi.org/10.1101/201830

Falcon (= pacbio)

Discovar(= short-read)

Supernova (= 10x)
Mp=mate-pair
Bn=bionano
Dt=dovetail

example: Comparison of different technologies & methods


