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Genome assembly: what is 
my goal?

• Understand variation in populations 
(disease-related SNPs etc…)

Genome re-sequencing

Assembly by mapping to a reference

• Study the molecular profile of a species 
never before sequenced (evolutionary 

studies etc..)

De novo assembly



Hurdles
• Heterozygosity 

• Sequencing errors 
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• Low complexity genomic 
regions 

• Base composition and 
sequencing bias
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ANOTHER PROBLEM - GENOME HETEROZYGOSITY
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LONG READS

Single molecule sequencing 


DNA Polimerase: 1000bp/s



PACBIO READS
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I’M A EUKARYOTIC GENOME - THE BLUE AND GREEN ARE MY REPEATS



THIS IS A SHORT-READS GENOME ASSEMBLY OF ME
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WHAT SEQUENCING STRATEGY TO 
CHOOSE?



Slide Sergey Koren



Slide Sergey Koren



The best of both worlds
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BREATHE





TAKE HOME MESSAGE
➤ Know your species! Do your research prior to sequencing. Try to have the best 

sample you can (fresh and immediately flash-frozen). 


➤ Estimated genome size, repeat content, heterozygosity


➤ From our experience at the Darwin Tree of Life


➤ 25x coverage of PacBio HiFi (for both haplotypes) + 100x coverage of Hi-C is 
yielding high-quality assemblies


➤ Nanopre duplex is promising: not available to the public yet



WHEN WE ASSEMBLE A GENOME …

What we would like to have


- One DNA sequence for each chromosome 

What we really have


- Contigs, scaffolds, gaps, N50s



GENOME ASSEMBLY METRICS

A DNA sequence with gaps CONTIG



Scaffolding methods

Scaffold: joining and orienting contigs


Scaffolding methods: mate-pairs (blerg), optical maps (bionano), Hi-C, Nanopore UltraLong reads



N50

molecularecologist.com

• N50: half of the genome is assembled in scaffolds that are the N50 size, or 
larger

http://molecularecologist.com


Quality metrics in genomics
• N50: half of the genome is assembled in scaffolds that are the N50 size, or 

larger

N50 = 91Mb


Assembled size= 1Gb


How many scaffolds= 32




• The quality metrics for genome assembly should not be only the ones related 
to contiguity, rather, the composition of the genes present in the assembly is 
also crucial



OUR LAB TODAY!
➤ Count Kmers


➤ Run general reads statistics


➤ Run genome assembly with Hifiasm


➤ Run MitoHiFi to assemble and annotate a mitochondrial genome!



KMER ANALYSIS



WHAT ARE K-MERS ?
➤ In biology, k-mers are unique subsequences of a sequence of length k




APPLICATIONS OF K-MER ANALYSIS

➤ Genome assembly: K-mers used to construct De Brujin graphs


➤ Detect bacterial contamination on eukaryotic genome assembly (CG content 
discrepancies)


➤ Correcting NSG data 


➤ Detect horizontal gene transfers


➤ Identification of CpG Islands 


➤ Estimation of genome size and heterozygosity


➤ Genome assembly k-mer completeness



WHY ARE K-MERS SO POPULAR?

“Decomposing a sequence into its k-mers for analysis allows this set 
of fixed-size chunks to be analysed rather than the sequence, and 

this can be more efficient.” (Bernardo Cavijo)

https://bioinfologics.github.io/post/2018/09/17/k-mer-counting-part-i-introduction/



KMER SIZE

Choosing k: specificity vs. Sensitivity


- Using a k that is too small will result in many unrelated sequences 
being composed of the same k-mers, in a textbook case of specificity loss 
because there being very few possible k-mers of that size. In the extreme 
of the small k, k=1 only distinguishes two canonical k-mers: A and C. 1-
mer analysis is incredibly popular in biology, but it is best known by the 
name of GC content analysis. 


- Using extremely large k values would sacrifice many of the benefits 
and sensitivity of k-mer analyses in the first place. (Bernado Cavijo’s 
post)


Why do we chose k=31 so often?


One reason is: it is specific enough that a large number of them are unique 
both in mammalian-sized genomes and in bacterial genome databases.



COUNT AND HISTO

Bernardo Cavijo’s post



COUNT AND HISTO
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A TYPICAL KMER PLOT FOR A DIPLOID SPECIES

Choloepus didactylus (VGP)

http://qb.cshl.edu/genomescope/analysis.php?code=bVuZNlhwn2tVCHhRN71I



A TYPICAL KMER PLOT FOR A DIPLOID 
SPECIES WITH HIGH HETEROZYGOSITY

Blastobasis lacticolella (DToL)

Wakely's dowd



A TYPICAL KMER PLOT FOR A 
DIPLOID SPECIES WITH LOW 
HETEROZYGOSITY

Rhytidiadelphus loreus

Little Shaggy-moss




KMERS CAN BE ANALYSED ONLY FOR HIGH-QUALITY DATA

This means that: 


- If you have sequenced PacBio CLR, you should have short-read sequencing for 
kmer analysis (and for polishing)


- But with Pacbio HiFi that you can  count kmers as you do with short-
reads!







Uliano-Silva et al., submitted


















