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1. SDS-based cell lysis 
2. Phenol chloroform DNA extraction
3. Ethanol precipitation
4. DNA assessment

1. Quality (A260/230 & A260/280)
2. Quantity (Qubit Fluorometer)
3. Integrity (1% w/v agarose gel)

1. Prepare DNA library: ONT 1D Ligation Sequencing Kit (SQK-
LSK108) and the “1D gDNA selecting for long reads” protocol

2. Load DNA library on MinION R9.4 SpotON flow cell
3. Sequence via MinKNOW software (v1.7.14)

1. Basecall fast5 sequence data (Albacore v2.1.7)
2. Remove 1D sequencing adapters (Porechop v0.2.3)
3. Filter fastq reads by quality & length (Filtlong v0.1.0)
4. Generate read dataset statistics (NanoPlot v0.20.1)

1. Assemble de novo genomes
1. Canu (v1.6)
2. Flye (v2.3)

2. Genome correction & polishing 
1. Racon (v1.3.1)
2. Nanopolish (v0.10.1)
3. Pilon v1.22 (via Unicycler-polish v0.4.4)

3. Genome evaluation
1. Assembly statistics (QUAST)
2. Assembly Likelihood Evaluation 
3. Genome completeness (BUSCO v3.0.2)
4. Ploidy (ploidyNGS v3.0)
5. Repetitive content (RepeatMasker v4.0.7)

1. Transcriptome assembly
1. Filter RNA-Seq reads (Trimmomatic v0.36)
2. Map reads against de novo genome (hisat2 v2.2.0)
3. Assemble reads (Trinity v2.9.1)

2. Predict genes (BRAKER v2, gene set correction by PASA)
3. Infer Orthologous groups (Broccoli v1.2)

1. Align de novo and reference genomes (NUCmer v3.1; 
MAUVE)

2. Detect structural variation (Assemblytics)
3. Compare LTR-RT loci (LTR_finder v1.07 & LTR_retriever v2.7)
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Supplementary Figure 3
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Supplementary Figure 5
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Haplotype representation for the hybrid 
Canu-Bionano P. tricornutum assembly

Missing Bionano haplotypes reconstructed from
unanchored contigs
Bionano resolved haplotypes*

*each haplotype is represented by a single Canu-Bionano hybrid scaffold
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Characterization of the Bionano-Canu scaffolds 

scaffolds unresolved as 
haplotypes

scaffolds that represent 
misassembled hybrid-haplotypes

scaffolds that represent one 
partial haplotype

scaffolds that represent two 
partial haplotypes

scaffolds that represent one full-
length haplotype & two partial 
haplotype
scaffolds that represent one full-
length haplotype & one partial 
haplotype
scaffolds that represent one full-
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Super-Scaffold_100002
chr28-chr7-chr13 hybrid
contigs are erroneously linked 
owing to segmental duplications 
between those chromosome pairs

Supplementary Figure 7A 



Super-Scaffold_100022
chr24-chr29 hybrid
contigs were erroneously linked owing to segmental duplications 
between those chromosome pairs

Supplementary Figure 7B



Super-Scaffold_100015
chr23-chr19 hybrid
contigs were erroneously linked owing to CoDi2.1 repetitive elements

Supplementary Figure 7C



Super-Scaffold_100016 Reference chr17 and chr27 blasted against Super-Scaffold_100016

Almost the entirety of Canu contig2803 blasts strongly to chr27
Portions of Canu contig2816 blasts with high query coverage to chr17. The small sequence 
that aligns to chr27 is part of the CoDi3.2 locus.

chr17—chr27 hybrid

Supplementary Figure 8A 
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Super-Scaffold_100007 Reference chr22 and chr7 blasted against Super-Scaffold_100007

Almost the entirety of Canu contig336 is homologous to 
chr22.

chr7—chr22 hybrid

Supplementary Figure 8B 
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Super-Scaffold_100014 Reference chr27 and chr17 blasted against Super-Scaffold_100014

Canu contig2804 blasts to chr17 along the 
majority of its length.

Canu contig377 and contig 376 have 99% identity to chr27 with a 
qcov against chr2 of 88% and 80%, respectively. Contig377 has a 
qcov to chr17 of 3% while the qcov to chr17 for contig 376 is 23%.

Contig377

Contig376

Canu contig157 blasts to chr17 along its entire length.

chr27—chr17 hybrid

Supplementary Figure 8C 
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Almost the entirety of Canu contig117 blasts to chr4 with low query 
coverage to chr15.  

Almost the entirety of Canu contig2820 blasts to chr4 with low 
query coverage to chr15.  

Super-Scaffold_100006 Reference chr4 and chr15 blasted against Super-Scaffold_100006

Almost the entirety of Canu contig2806 blasts to chr15 with low query coverage to chr4.  

chr15—chr4 hybrid

Supplementary Figure 8D
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Canu contig357 blasts to chr13 along almost its entire length

Canu contig356 strongly identifies a portion of the contig to chr13 
with the rest of the contig not well resolved to another reference 
chromosome

Super-Scaffold_100008 Reference chr13 and chr18 blasted against Super-Scaffold_100008

The majority of Canu contig124 blasts strongly to 
chr18 and aligns to only to the CoDi4.4 locus of chr13

Portions of Canu contig358 blast to chr13 and chr18. Raw 
read mapping does not support contig358 as a misassembled 
contig. 

chr13—chr18 hybrid

Supplementary Figure 8E 
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Super-Scaffold_100005 Reference chr2 and chr12 blasted against Super-Scaffold_100005

Canu contig272 does not align to chr2 but does show strong identity 
along its entire length to chr12.

Portions of Canu contig322 blast to chr2 and chr12 but raw read mapping 
does not indicate contig322 as a misassembled contig and does not support 
splitting this contig. 

Canu contig320 and contig321 
have 99% identity to chr2 with 
a qcov against chr2 of 91% and 
84%, respectively. Both contigs 
have <10% qcov to chr12

chr2—chr12 hybrid

Supplementary Figure 8F
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Supplementary Figure 9 

Reference consensus is a mixture of haplotypes



Supplementary Figure 10 

Reference consensus is a mixture of haplotypes



Supplementary Figure 11
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