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Variant Detection in HG002
using HiFi Reads

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

using HiFi Reads

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 lllumina NovaSeq
reads covering the human genome at a 30-fold depth.

HG002 de novo Assembly Results
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Sequencing three Clones of Caberent Sauvignon withHiFi reads. A) The
three clones (6, 8, and 47) chosen for this study and the phentoyptic
characteristics associated with each clone. B) Experimental design flowchart and
size distribution QC of resulting SMRTbell templates. C) Schematic depicting the
derivation of a single molecule HiFi read with a read quality ranging between
QV20 and QV40 from the multiple reads across both forward and reverse strands
of a SMRTbell molecule.
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Read Length vs Accuracy

GRCh38

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.

Modeling Human Assembly Contiguity

HGO002 HiFi Reads
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Basic characteristics of HG002 HiFi reads. A) Predicted read quality (Phred)
vs. number of passes for a given SMRTbell template. Predicted QV30 is
attainable by 10 passes. B) Read length and predicted read quality distributions
for HG002 HiFi reads = QV20. C) Empirical vs predicted QV distribution for HiFi
reads =2 QV20. Empirical estimates are only overestimating read quality by
approximately 1 QV point on average. D) Coverage by GC fraction bin. Coverage
of HiFi reads is very uniform across the human genome.
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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 binning® 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.

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.

HiFi Read Data for Cabernet Clones

& Analysis Strategy
. [Clone6 __[Clone8 ___[Cloned7

# of Reads 1,733,862 1,950,141 2,314,545

Yield (bases) 24,041,188,906 28,001,288,771 34,083,761,598
Average Read Length (bases) 13,865 14,358 14,725
Average Read Quality 998 998 998

Compare with original
long read assembly

HiFi Read based variant detection
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HiFi Read Assembly Results for
Cabernet Sauvignon Clone 8

Vitis vinifera
Cultivar PN00241

Cabernet
Sauvignon Clone8
PBI HiFi Read
CANU2 Assembly

Cabernet
Sauvignon Clone8

Assembly Stats

PBI-CLR
FalconUnzip
Assembly?

Assembly Size (Mb) 486 959 988
# of Contigs 14,634 2,755 4,224
Max Contig Length (Mb) n.a. 14.1 12.1
Contig N5, Length (Mb) 0.1 2.2 1.9
# of Scaffolds 2,061 N/A N/A
Scaffold N5, Length (Mb) 3.4 N/A N/A
Complete BUSCOs 93% 90% 92.4%
Duplicated BUSCOs 1.7% 69% 68%
Fragmented BUSCOs 2% 2% 1%
Missing BUSCOs 5% 8% 6%

HiFi Read Based

Variant Level Estimates

Structural Variant Size Distributions

Conservative Estimate Based on
Clone6 & Clone47 HiFi Read Mapping

1 SNP in every 400,000 bases
Structural Variant Frequency 1 SV in every 9,000,000 bases
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Estimating variant frequencies between Cabernet Sauvignon Clones 6, 8,
and 47. A) Table of variant frequencies conservatively estimated by mapping HiFi
reads from Clones 6 & 47 to the Clone 8 de novo assembly. Initially, SVs were
called using pbsv and manually curated for half the genome. The final estimate
was extrapolated to the entire genome size and reduced by one half to account for
the use of two clones to determine the SV numbers. SNP calls were curated in a
similar fashion manually but for only 3% of the genome B) Size distributions for
the validated SVs from the manual curation of the data.
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Conclusion

We demonstrate

Benchmarking studies with GIAB HG002 sample demonstrate that HiFi Reads can be usedto 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 detectvariants (SV and SNP) in Cabernet Sauvignon clones
Further work in progress
De novo assemble Cabernet Sauvignon Clones 6 & 47
Run assembly-based approachesto detect SVs and SNVs

Run GATK and DeepVariant pipelines to further characterize SNVs

igh confidence data regions for the variant calling among the Cabernet Sauvignon clones
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