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What makes genomes difficult to 
assemble ?

● Genome size

● Number of chromosomes

● Repeat content

● Repeat size (structure)

● Heterozygocity

● Ploïdy

● DNA conformation

● Contamination

https://en.wikipedia.org/wiki/Genome_size

https://en.wikipedia.org/wiki/Genome_siz
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3.6 Gb
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First example : Ganoderma boninense

● Long lasting project with CIRAD biologists in 
Montpellier 

● Palm tree and coconut pest
● Incurable Basal Stem Rot disease
● No public genome available

http://mushroomobserver.org/observer/show_observation/158919
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Ganoderma lucidum

● medicinal mushroom in traditional Chinese 
medicine

● Immune building properties
● monokaryotic strain G.260125-1 obtained by 

protoplasting 
● 43.3-Mb genome
● 16,113 predicted genes

https://en.wikipedia.org/wiki/Lingzhi_mushroom
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First tests
● 454
● Illumina MiSeq & HiSeq (paired-ends and mate 

pairs)
● PacBio P4C2

454 + HiSeq MP + PacBio 

software Newbler SSPACE SSPACE-LR

version 2012 2.0 1.1

                 Number of contigs 16,451 3,363 3,284

Nb of contigs not in scaffolds 2,278 2,203 1,948

             Total size of contigs 60,455,132 75,263,670 75,167,085

                 N50 contig length 5,749 61,481 62,696

                  L50 contig count 2,783 337 330
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PacBio P6C4 assembly

MiSeq PacBio P6C4

software SSPACE-LR CANU

version 1.1 1.5

                 Number of contigs 3,284 915

Number of contigs not in scaffolds 2,203 915

             Total size of contigs 75,263,670 84,137,414

                 N50 contig length 61,481 166,220

                  L50 contig count 337 136
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Raw reads kmer content

1 copy

2 copies
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Same DNA : ONT vers PacBio
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Nanopore assembly
ONT 
MinION

software canu

version 1.5

Number of contigs 400

Total size of contigs 67 Mb

N50 contig length 323 Kb

          L50 contig count 50

https://github.com/marbl/canu/issues/569#issuecomment-319169640

https://github.com/marbl/canu/issues/569#issuecomment-319169640
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Haplomerging

PacBio + Nanopore PacBio + Nanopore PacBio + 
Nanopore

software CANU haplomerger haplomerger

version 1.5 2.0 2.0

                 Number of contigs 436 218 218

Number of contigs not in scaffolds 436 218 218

             Total size of contigs 76,821,474 56,529,789 49,372,845

                 N50 contig length 323,663 1,068,631 889,398

                  L50 contig count 55 17 18

dikaryotic stage
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Assembly validations

BUSCO Gl: C:93.7%[S:93.0%,D:0.7%],F:5.6%,M:0.7%,n:1335
      Gb: C:94.8%[S:13.4%,D:81.4%],F:4.1%,M:1.1%,n:1335
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Second example : Crassostrea gigas

● New project with IFREMER biologists
● Estimated genome size 650 Mb 
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Heterozygosity

http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001388

http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001388
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assemblies sizes evolution

Expected
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PacBio canu assemblies sizes

Expected

Produced
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Comparing to reference

metrics reference CANU PacBio

Number of contigs 29,416 19,188

Total size of contigs 491,868,483 1,307,520,554

Longest contig 233,101 2,388,545

Shortest contig 200 1,158

      Mean contig size 16,721 68,143

Median contig size 9,743 45,702

     N50 contig length 32,564 86,828

L50 contig count 4,448 3,779
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 Canu contig realignment

tig00001035 unique match 57kb
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haplomerging
metrics CANU PacBio Ref Alt

Number of contigs 19,188 18,714 18,714

Total size of contigs 1,307,520,554 1,286,245,159 1,283,968,615

Longest contig 2,388,545 2,388,545 2,388,545

Shortest contig 1,158 735 735

      Mean contig size 68,143 68,732 68,610

Median contig size 45,702 45,881 45,874

     N50 contig length 86,828 88,269 88,036

L50 contig count 3,779 3,641 3,651
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Other assemblies
metrics reference Falcon smartdenovo miniasm

Number of 
contigs 

29,416 12,023 5,896 4,651

Total size of 
contigs

491,868,483 806,703,370 434,836,206 131,352,830

Longest contig 233,101 1,584,246 1,243,994 160,717

Shortest contig 200 88 9,298 756

      Mean 
contig size 

16,721 67,097 73,751 28,242

Median contig 
size 

9,743 35,898 44,482 25,117

     N50 contig 
length 

32,564 126,839 110,701 30,840

L50 contig 
count 

4,448 1,581 1,045 1,482
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Falcon read realignments

0.5 Mb 1Mb 1.5 Mb

20x

40x

2Mb

0 20 40 60 depth
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Conclusions

● In all cases long reads will help. 
● Try to get information about the genome, 

related genomes, the DNA,... 
● Heterozygocity can have a massive impact on 

assembly metrics.
● It is not because your genome seems simple to 

assemble that it will work out of the box.
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