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The Tree of Life genome factory



Decontamination examples

BUSCO hits and GC vs read coverage distribution
HiC contact map

Pre-curation Post-curation



Decontamination examples

Diptera genome with fungi contamination

HiC - uncontaminated sample
Pacbio - contaminated sample

HiC and PacBio from same sample

Worm genome contaminated with bacteria

Post-curation



What is genome curation?
љ ƚƚŔůŔũċƣŔŰŊШĲƻŔĬĲŰĦĲƚШŉƖŸůШall available data types and using these to reshape 
automated assemblies to get as close as possible to chromosomally resolved 
assemblies , guided by karyotype, fixing misassemblies, removing all contamination and 
removing haplotypic sequence, in a reasonable timeframe њ



Why do we need curation?



MisassembliesContamination Haplotigs

Some of the main issues



Joined by the telomeres

Telomeres

Strong HiC signal

HAP2

HAP1



HiC data - our No. 1 curation resource  

љŔŰ-ƚŔƣƨњШƚĲƕƨĲŰĦŔŰŊШŊŔƻĲƚШ
evidence of what sequence 
belongs next to what 
sequence.

The result is a contact map
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Bender MA, Groudine M, Gnirke A, Stamatoyannopoulos J, M irny LA, Lander ES, Dekker J. Comprehensive mapping of long-range interactions reveals folding 
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Chromatin conformation with Hi-C

HiC data - our No. 1 curation resource  



  

Visualization

Interactions within chroms are stronger (self matches)  than between chrom

Contact matrix colored based on hic reads counts 

HiC data - our No. 1 curation resource  



Interpreting a HiC map

Centre diagonal show self matches, eg chr1 vs chr1
Diagonal mirrors itself

Off diagonal show relationship between different 
chromosomes/scaffolds.

The darker the off-diagonal square, the stronger the 
relationship between the scaffolds. 

Horizontal and vertical lines delineate chromosome/scaffold 
boundaries.

PretextView 

https://github.com/sanger -tol/PretextView

tracks

https://github.com/sanger-tol/PretextView
https://github.com/sanger-tol/PretextView
https://github.com/sanger-tol/PretextView


Evolution of a manually curated assembly

Pre curation assembly after pretext manipulation Post curation

n = 230
N50 = 33.1Mb

225 joins
84 breaks 
29 haplotype removals 

n = 62
N50 = 87.1Mb
99.85% of genome in 9 Chromosomes

Patella pellucida 
Blue-rayed limpet



Chromosome naming

By size
ÅAutosomes large > small

By synteny
ÅExisting reference 

1    2    3    4   5    6    7    8    9    X



ÉŸůĲШŸŉШƣőĲШůċŔŰШĦőċũũĲŰŊĲƚв

ÅHighly repetitive genomes
ÅSex chromosomes
ÅMicrochromosomes
ÅPolyploids
ÅBad phasing
ÅPoor quality Hi-C data



Contrast between euchromatic and heterochromatic portion of the genome

iyNysSpin1_1

Non-repetitive HiC signal can be seen for 26 

chromosomal entities, in stark contrast to the 
heterochromatic portion of the genome (centromeric 
and short-arm sequences which in the case of this wasp 

do not have enough specific association with a 
particular chromosome to enable them to by placed.

largely euchromatic

heterochromatic



Additional clues (multi-mapping + karyotype)

https://doi.org/10.1007/s10709-006-9106-5

Rhagonycha fulva

Karyotype image 
confirms presence of 
large heterochromatic 
chromosome

aǳƭǘƛ ƳŀǇǇƛƴƎ ǊŜŀŘǎ ǊŜǾŜŀƭ ƘƛŘŘŜƴ ƭƛƴƪŀƎŜ ōŜǘǿŜŜƴ ΨǎŜǇŀǊŀǘŜΩ 
chromosome scaffolds and blank repetitive scaffolds 

multi-ƳŀǇǇƛƴƎ ΨƻƴΩmulti-ƳŀǇǇƛƴƎ ΨƻŦŦΩ
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Sex chromosome identification

By coverage
Heterogametic sex chromosomes = half read coverage т 

By synteny
When allosomes are homomorphic
ÅExisting reference 
ÅGenetic map

Caution!
Synteny works well for sex chromosome identification in some 
orders but not in others:
Good examples: Coleoptera, Lepidoptera

Bad examples: Diptera (high sex chrom. turnover rate) 

Identifying sex chromosomes is difficult. We only assign sex chromosomes when 
we are beyond doubt.

PacBio read half-coverage



Sex chromosome identification

By coverage
Heterogametic sex chromosomes = half read coverage т 

By synteny
When allosomes are homomorphic
ÅExisting reference 
ÅGenetic map

Caution!
Synteny works well for sex chromosome identification in some 
orders but not in others:
Good examples: Coleoptera, Lepidoptera

Bad examples: Diptera (high sex chrom. turnover rate) 

Identifying sex chromosomes is difficult. We only assign sex chromosomes when 
we are beyond doubt.



Autosome + sex chrom fusion = neo sex chroms

Canonical Z

W chrom

Original W

Autosome

Autosome = neo Z (Z2)



unplaceable sub-telomeric repeat

Å Disproportionate amount of time curating 
the smallest 10 micro-chromosomes (<1.2% 
ƻŦ ǘƘŜ ŀǎǎŜƳōƭȅύΧΦ

10 smallest 
chromosomes

Micro-chromosomes
(bCucCan1)

љĬŸƣњ (< 5 Mb) 
chromosomes

Micro
 (22 т 5 Mb) 

xĲƚƚШƣőċŰШΞӖШŸŉШƣőĲШċƚƚĲůĤũǃШċŰĬШΦΦӖШŸŉШƣőĲШĲŉŉŸƖƣвЮ



Remaining 13 chromosomes 
are somewhere in here!

(By Tom Mathers)

Quick curation of larger 
scaffolds only recovers 28 
chromosomes.

Expected karyotype is 39 
autosomes + Z + W 

Microchromosomes

Micros ???

HiFi data



How do we fish out the micros?

Our main approach for birds is

MicroFinder  script for birds (HiFi/ ONT)

Miniprot to map a set of conserved microchromosome -associated 
proteins to a draft assembly and then counts the resulting hits and orders 
the input assembly by the number hits

Tom Mathers Michael Paulini



How do we fish out the micros? (Birds)

MicroFinder script for birds:
https:// github.com /sanger-tol /MicroFinder  

The script should be run for each haplotype separately:

MicroFinder.sh <hap1_fasta> scaffold_length_cutoff

MicroFinder.sh <hap2_fasta> scaffold_length_cutoff

Recommended:
16 cores

24 Gb RAM
Scaffolds > 5Mbp will not be ordered

It will:

Align your genome to a conserved database of bird microchromosomes and look for gene content

Sort by number of gene hits and then by size (< 5Mbp only) and move them to the beginning of the fasta file

Generate a new fasta file

scaffold_length_cutoff ( Kbp)



How do we fish out the micros? (Birds)
Potential micros will appear on the top left of hap1 and hap2 new Pretext maps 

Ordered by gene count



Is it possible to have more complete bird 
microchromosomes?

Nanopore data looks promising!!!

Bird and fish gene-rich regions



љ?ŸƣњШĦőƖŸůŸƚŸůĲƚШċƖĲШƚƨĤƚƣċŰƣŔċũũǃШƚőŸƖƣĲƖШŔŰШĤ]ċũ]ċũΡШ
(HiFi) than Ggswu (HiFi + ONT)

*In contrast, the size difference of the macrochromosomes is < 5%



bAytFul3 Aythya fuligula (tufted duck) smallest10 chromosomes

Chr 39 = 125 kb Chr 39 =  1.15Mb

PacBio HiFi assembly Nanopore assembly 


