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HiFi reads provide accurate detection of variants and 
DNA methylation in challenging regions of the genome
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Around 5% (1,168) of protein-coding genes in the 
human genome contain an exon that is difficult to map 
with typical next-generation sequencing (NGS) read 
lengths due to homologous pseudogenes or segmental 
duplications. Among the difficult-to-map genes are 193 
with known medical relevance, including CYP2D6, GBA, 
SMN1/2, and VWF. HiFi long-read DNA sequencing 
provides increased mappability, accessing many of the 
difficult regions by connecting the homologous exon to 
neighboring unique sequences. Additionally, HiFi 
sequencing allows phasing of variants into haplotypes 
and detects DNA methylation to provide simultaneous 
characterization of the epigenome.

The Genome in a Bottle (GIAB) trio samples HG002, 
HG003, and HG004 were sequenced to 30-fold HiFi 
read coverage each on the PacBio Revio system. Reads 
were mapped to the GRCh38 reference genome using 
pbmm2 for HiFi reads. Small variants were called using 
DeepVariant, structural variants were called with pbsv, 
and reads were phased with WhatsHap. DNA 
methylation was examined with pb-CpG-tools.  The 
variant callsets were evaluated against the Genome in a 
Bottle v4.2 benchmark and the Challenging Medically 
Relevant Genes (CMRG) benchmark.

HiFi reads have high mappability, high read quality, and 
ability to detect methylation, which enables 
comprehensive characterization of genomes, especially 
in difficult-to-map genes that are challenging for NGS. 
We predict that increased use of HiFi reads in disease 
cohort studies will spot additional disease genes and 
variants that have remained beyond the reach of NGS. 
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Figure 2. Base modifications (e.g., 5mC) are 
simultaneously detected using polymerase kinetics as the 
DNA is sequenced. The same sequencing run provides 
both sequence and methylation status with no change to 
sample preparation. 
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For all samples, genome-wide variant calling accuracy (F1-
score) exceeded 99.9% for SNVs, 99.3% for indels, and 
95% for structural variants. Within the CMRG, variants 
calling performance exceeded 96%.  Phase block N50 
exceeded 400 kb in all samples. Phasing, together with 
direct DNA methylation detection, allowed detection of 
parental imprinting in genes like PEG3, MEG3, and NDN.

Results

15 – 20 kb
average size 

Figure 1. DNA is mechanically sheared to an average size 
between 15 to 20 kb and a library is prepared using 
SMRTbell prep kit 3.0. The SMRTbell library is readied for 
sequencing by adding primer and polymerase. During 
sequencing, the polymerase makes multiple passes on the 
circularized DNA. Each pass is aligned, adapters trimmed, 
and consensus and 5mC status are called to make a HiFi 
read. Average accuracy of a HiFi read is 99.9%, as good as 
short-reads yet can be a 100 times longer.

GIAB 
Sample

HiFi 
yield

Base 
quality, 
≥Q30 SNV INDEL SV

HG002 101 Gb 93% 99.95% 99.44% 95.78%
HG002 99 Gb 91% 99.95% 99.24% 95.78%
HG002 87 Gb 90% 99.95% 99.31% 95.74%
HG003 99 Gb 92% 99.93% 99.27% n/a
HG004 103 Gb 92% 99.96% 99.25% n/a

Figure 3. Parental imprinting at PEG3. HG002 reads
phased by mat and pat haplotypes and bases colored by 
5mC status in IGV_2.14.1. Red indicates high, while 
blue indicates a low probability of methylation. 

Figure 4. HG002 reads mapped to GRCh38 at STRC 
(chr15:43,595,459-43,625,000) and displayed in 
IGV_2.14.1. Top track is Illumina NovaSeq 6000 data, 
while bottom track is PacBio Revio data. Unshaded 
reads in the NovaSeq track represent a MAPQ score of 
0 and therefore excluded from variant calling. In 
contrast, variants can be called from the HiFi reads 
because they map across the region missing in the 
short-read data. 
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Results (cont.)

Figure 5. Phased HiFi reads spanning a large SV 
(5,185 bp deletion) at chr3:136,273,874-136,332,106 
as shown in IGV_2.14.1. 

Link to datasets 
presented in this study

Illumina data: https://www.biorxiv.org/content/10.1101/2020.12.11.422022v1.full.pdf
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