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Single Molecule High-Fidelity (HiFi) Sequencing with >10 kb Libraries

Recent improvements in sequencing chemistry and instrument 

performance combine to create a new PacBio data type, Single 
Molecule High-Fidelity reads (HiFi reads). Increased read 
length and improvement in library construction enables average 

read lengths of 10-20 kb with average sequence identity 
greater than 99% from raw single molecule reads. The resulting 

reads have the accuracy comparable to short read NGS but 
with 50-100 times longer read length. Here we benchmark the 
performance of this data type by sequencing and genotyping 

the Genome in a Bottle (GIAB) HG0002 human reference 
sample from the National Institute of Standards and Technology 

(NIST).  We further demonstrate the general utility of HiFi reads 
by analyzing multiple clones of Cabernet Sauvignon. Three 
different clones were sequenced and de novo assembled with 

the CANU assembly algorithm, generating draft assemblies of 
very high contiguity equal to or better than earlier assembly 

efforts using PacBio long reads. Using the Cabernet Sauvignon 
Clone 8 assembly as a reference, we mapped the HiFi reads 
generated from Clone 6 and Clone 47 to identify single 

nucleotide polymorphisms (SNPs) and structural variants (SVs) 
that are specific to each of the three samples.
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Impact of read accuracy on de novo assembly. The concordance of six assemblies to the 
reference genome at non-variant positions in GIAB high-confidence regions.  Solid lines indicate 

assemblies from HiFi reads.  Long-dash lines indicate accessioned assemblies from PacBio 

continuous long reads (CLR).  Short-dash lines indicate an accessioned assembly from Oxford 
Nanopore (ONT) reads.  Contigs longer than 100 kb were segmented into 100 kb chunks and 

aligned to GRCh37.  Concordance was measured per chunk. 
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We demonstrate

• Benchmarking studies with GIAB HG002 sample demonstrate that HiFi Reads can be used to characterize SNVs

(SNPS) producing results rivaling or exceeding state of the art short read approaches

• HiFi Reads  can be used to generate de novo assemblies as shown here for HG002 and Cabernet Sauvignon Clone 8

producing highly contiguous assemblies with extremely high-level accuracy

• HiFi Reads can be utilized to detect variants (SV and SNP) in Cabernet Sauvignon clones

Further work in progress

• De novo assemble Cabernet Sauvignon Clones 6 & 47

• Run assembly-based approaches to detect SVs and SNVs

• Run GATK and DeepVariant pipelines to further characterize SNVs

• Develop high confidence data regions for the variant calling among the Cabernet Sauvignon clones

https://www.ncbi.nlm.nih.gov/assembly/GCF_000003745.3/
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Modeling human assembly contiguity. Model of the contiguity for a human assembly based on 
ability to resolve repeats of different length and percent identities. As a reference point, the contiguity 

of the current Human Ref GRCh38 is indicated as a solid line. Modeling predicts that reads with 

higher QV can assemble human genomes at high contiguity as compared to longer, noisier reads 
(compare HG002 HiFi Reads with CHM1 CLR). Moreover, 15 kb HiFi reads with read quality of ≥ 
QV30 can provide assemblies with Contig N50s approaching 40 Mb.
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Statistics for de novo assembly using HiFi reads with three assemblers and three different haplotypes.
The Ensembl “mixed” haplotype assemblies use all reads. The “maternal” and “paternal” assemblies use 
parent-specific reads from trio binning3 plus unassigned reads. HG002 concordance is measured at non-

variant positions in GIAB high-confidence regions. BUSCO gene completeness uses the Mammalia ODB9
gene set. RefSeq genes is the percentage of genes from R94 that are full-length, single-copy in assembly

relative to the full-length, single-copy count for GRCh38. Contigs shorter than 13 kb were excluded from
genome size and contiguity estimates; contigs shorter than 100 kb were excluded from the concordance

measurement. “*” indicates polishing with Arrow. 
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Variant calling and phasing with HiFi reads. A) Agreement of DeepVariant (HiFi) SNV and 
indel calls with Genome in a Bottle benchmark.  B)  Phasing of heterozygous DeepVariant (HiFi) 

variant calls with WhatsHap.  C) Agreement of integrated HiFi structural variant calls with 

Genome in a Bottle benchmark, D) by variant size.

Performance of small variant calling with HiFi reads. Precision, recall, and F1 of small 
variant calling measured in the GIAB high-confidence regions using hap.py. Bold values 

indicates the highest value in each category column. Values in italics indicate that the value 

is higher than results obtained with the GATK HaplotypeCaller run on Illumina NovaSeq 
reads covering the human genome at a 30-fold depth.
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