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SeBiMER at IFREMER

Centre Ifremer Bretagne at Plouzané
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SeBiMER history

2010-2018 : Sub unit of RIC team
• 2 permanent contracts
• Technical support

February 2019 : creation of “Service de Bioinformatique de l’Ifremer”
• Mutualisation of bioinformatics activities at Ifremer and its 9 UMRs 
• Transversal bioinformatics activities
• For teams and research projects
• Team expansion
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SeBiMER’s missions

Infrastructure

• Data management
• Software and databank
• Galaxy@Ifremer
• Technical support

Bioanalysis

• Participation in project of 
research teams

• Management and intervention 
on thematic projects

Softwares

• Industrialization of methods
• Adaptation of existing tools
• Creation of new tools 

R&D

• New thematics

Animation

• Network of Bioinformatics 
Correspondents @IFREMER

• Annual Bioinformatics 
Meeting

• Thematic training 
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Biological questions

Genomic information
- Conserved sequences (spatial reference)

- Divergent sequences (spatial variation)

- How such genomic information is 

“created” and transformed during 

evolution

Natural history of the species 
- Recent or old Hybridization (genomic exchange between oyster species)

- Neutral or adaptive mutations

- Allopolyploidization (Genetic big-bang) or autopolyploidization

Interaction between genetic code and 
physiology

- Acclimation versus adaptation

- Phenotypic plasticity

- Give a referential for enzyme or proteins

Interaction between genetic code and 
environment

- How environmental change shape genomic 

information (Permian mass extinction)

- Genomic exchanges between extinct oyster species

- Horizontal genetic transfer ( i.e. old integrated virus 

in oyster genome)
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GigaStore1 to GigaStore2

BGI-Shenzhen Northwestern Polytechnical
University

Institute of Oceanology, 
Chinese Academy of Sciences The Roslin Institute

Level Scaffold Contig Chromosome Chromosome
Sequencing Illumina Oxford Nanopore +  Illumina PacBio Sequel I + Illumina PacBio Sequel I + Illumina
Contigs 5 530 3 676 10 234
Total length 561 804 531 587 503 506 586 856 703 647 883 482
N50 (bp) 290 825 581 941 60 957 391 58 462 999

“Only” unphased genome assemblies with 2 at chromosome level

GigaStore2 → provide a fully phased chromosome 
scale assembly of C. gigas
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Current limitation of diploid genome assemblies

Maternal
Paternal

Collapsed
assembly

Heng Li’s blog: lh3.github.io/2021/04/17/concepts-in-phased-assemblies
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Current limitation of diploid genome assemblies

Maternal
Paternal

Collapsed
assembly

Tewhey, R., Bansal, V., Torkamani, A. et al. The importance of phase information for human genomics. Nat Rev Genet 12, 215–223 (2011)
Vinson JP, Jaffe DB, O'Neill K, et al. Assembly of polymorphic genomes: algorithms and application to Ciona savignyi. Genome Res. 2005;15(8):1127-1135

Incomplete picture of genetic variation, problematic for post-analysis

• Loss of half of heterozygous variations
• Errors in heterozygote regions
• May lead to inflated assembly for species with high heterozygosity

Sequence of each copy is essential to correctly understand allele-specific 
DNA methylation and gene expression, to analyse evolution, forensics,   

genetic diseases…
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Current limitation of diploid genome assemblies

Maternal
Paternal

Collapsed
assembly

Primary assembly

Alternate assembly

Assembly of haplotigs in heterozygous regions

Alternate assembly, not useful by itself as it is 
fragmented and incomplete
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Current limitation of diploid genome assemblies

Maternal
Paternal

Collapsed
assembly

Primary assembly

Alternate assembly

Haplotype-resolved
assembly

Each haplotype assembled separately ® true and complete picture of genetic variation
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Current limitation of diploid genome assemblies

Maternal
Paternal

Collapsed
assembly

Primary assembly

Alternate assembly

Haplotype-resolved
assembly

Each haplotype assembled separately ® true and complete picture of genetic variation

PacBio Hifi reads allows easily to generate fully phased diploid assembly 
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PacBio HiFi sequencing technology

HiFi read qualification:
• Minimal number of pass: 3
• Minimal Qscore: 20
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Strategies to obtain haplotype phased genome assembly
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Strategies to obtain haplotype phased genome assembly

Most need parental information
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Strategies to obtain haplotype phased genome assembly

Hifiasm

Canu/HiCanu

Trio Binning



18Cheng, H., Concepcion, G.T., Feng, X., Zhang, H., Li H. (2021) Haplotype-resolved de novo assembly using phased assembly graphs with hifiasm. Nat Methods, 18:170-175.

1 - Single assembly 
and graph phasing

Strategies to obtain haplotype phased genome assembly

Hifiasm

2 – Full phasing 
using parental data 

DNA-seq
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H4_m1 H32_f1

t10_m1 t10_f1 t10_f2t10_m2

Viv52_87Viv52_72 Viv52_139

Checking:
• Parentage assignment on all the offspring’s
• Flux cytometry – Autotriploid (3N) in the offspring’s…

Sampled individuals
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Reads Gbp N50 (bp) Coverage
m64122_210120_191426 791 989 12 193 385 003 15 520 22
m64122_210214_033118 1 006 503 15 847 937 897 15 965 26
m64244_210612_174252 1 218 551 19 343 585 808 16 093 32

Read length vs Average read quality

GS2VIV52-87m

F1 generation – PacBio Hifi

Quality score across all bases
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GS2VIV52-87m

errors heterozygous kmers

homozygous kmers
Homozygous (aa) 96.9%
Heterozygous (ab) 3.1%
Genome Haploid 467 Mbp
Genome Repeat 182 Mbp
Genome Unique 284 Mbp

F1 generation – PacBio Hifi
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Per base sequence quality: raw data R1 Per base sequence quality: raw data R2

Huge loss of coverage + lower coverage for male haplotype

Not enough to correctly discriminate haplotypes

Parental generation – Illumina

Raw reads Clean reads (fastp)
Samples Reads Gbp Coverage Coverage / ind Reads Gbp Coverage Coverage / ind

♀
t10-f1-a 178 530 702 26 468 838 432 48

112
145 219 932 19 435 943 632 35

82t10-f1-b 196 020 960 29 202 970 540 53 155 869 662 20 663 292 209 38
t10-f1-v 39 794 326 5 891 657 116 11 35 27 4982 4 973 583 965 9

♂
t10-m1-a 135 797 024 19 968 062 329 36

88
108 255 872 14 311 258 750 26

64t10-m1-b 125 758 558 18 233 590 963 33 96 224 928 12 589 337 628 23
t10-m1-v 68 117 642 10 001 854 454 18 59 551 596 8 417 026 407 15
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Primary genome assembly - Hifiasm

# contigs 836
Largest contig 33 768 982
Total length 1 016 854 405
N50 5 350 846

BUSCO (v5.2.2 - mollusca_odb10)
Complete (C) 99.2
Complete and single-copy (S) 37.6
Complete and duplicated (D) 61.6
Fragmented (F) 0.3
Missing (M) 0.5

Genome size twice as expected
More than 50% of duplicated core genes

Hifi reads + high heterozygosity rate

Direct assembly of both haplotypes 
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Primary genome assembly - Hifiasm

Expected Hifiasm assembly 
graph (ex.: Human HG002) 

Haplotype 1

Haplotype 2

Homozygote region



25

Primary genome assembly - Hifiasm

Hifiasm graph for C. gigas
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Phased genome assemblies - Hifiasm

Still duplicated core genes

Need an increase parental k-mer coverage

Paternal Maternal
# contigs 561 464
Largest contig 33 738 176 33 540 007
Total length 699 233 093 769 755 738
N50 4 671 686 6 344 792

BUSCO (v5.2.2 - mollusca_odb10)

Complete (C) 98.8 99.0
Complete and single-copy (S) 86.2 64.9
Complete and duplicated (D) 12.6 34.1
Fragmented (F) 0.3 0.4
Missing (M) 0.9 0.6Maternal

Paternal
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Conclusion

* Cheng, H. et al. Robust haplotype-resolved assembly of diploid individuals without parental data. Arxiv (2021). 

PacBio HiFi give excellent results (contiguity, completeness, mis-
assemblies) even a low coverage for a lower computational cost

Still challenging for highly heterozygous species



28

Conclusion

* Cheng, H. et al. Robust haplotype-resolved assembly of diploid individuals without parental data. Arxiv (2021). 

PacBio HiFi give excellent results (contiguity, completeness, mis-
assemblies) even a low coverage for a lower computational cost

Still challenging for highly heterozygous species

Parental data are not longer necessary to obtain a fully phased 
genome (Hi-C module in Hifiasm) but results remains a little bit 

better with*
→ Switch to Hi-C phasing module for new genome projects
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