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Abstract

The latest advancements in SMRT Sequencing with the
Sequel Il System Chemistry 2.0 have increased average
read lengths up to 50% compared to Sequel Il Chemistry
1.0, thus allowing for multiplexing of:

« 2-3 small organisms (<600 Mb) such as insects and
worms for producing reference guality assemblies

« Calling structural variants for up to 2 samples with ~3 Gb
genomes

« Analysis of 48 microbial genomes

« Characterizing up to 4 microbial communities for
metagenomic profiling in a single SMRT Cell 8M

With the improved processivity of the new Sequel Il
sequencing polymerase, more SMRTbell molecules reach
rolling circle replication mode, resulting in longer overall read
lengths and thus allowing efficient detection of barcodes (up
to 80%) in the SMRTbell templates. Furthermore,
multiplexing of genomes larger than microbial organisms is
now achievable. In collaboration with the Wellcome Sanger
Institute, we have developed a workflow for multiplexing two
Individual Anopheles coluzzii using as low as 150 ng of
genomic DNA per individual. The resulting assemblies
showed high contiguity (Contig N50s >3 Mb) and
completeness (>98% of conserved genes). For microbial
multiplexing, we multiplexed 48 microbes with varying
complexities and genome sizes ranging from 1.6 to 8.0 Mb
In a single SMRT Cell 8M. Using a new end-to-end
Microbial Assembly Analysis application in SMRT Link 8.0,
the assemblies resulted in complete circularized genomes
(>200-fold coverage). Finally, the long-read lengths (>90 kb)
allow detection of barcodes in large insert SMRTbell
templates (>15 kb), thus facilitating multiplexing of two
human samples in 1 SMRT Cell 8M for detecting SVs, large
Indels and CNVs.

Here, we present new/updated workflows and describe the
results for multiplexing samples for specific applications for
SMRT Sequencing using the Sequel Il System.

Multiplexing Methods
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Fig 1. Sequel Il Chemistry 2.0 allows more SMRTbell
molecules to reach rolling circle replication mode, resulting in
longer read lengths, thus improving detection of barcodes in
longer insert SMRTbell templates.
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Fig 2. Samples are barcoded during ligation with barcoded
overhang adapters containing 16 bp PacBio specific
sequences.

Application m Available Barcoded Overhang Adapters Additional Info

Small genomes Barcoded Overhang Adapter Kit 8A Use set A or B (16 total

(<600 Mb) 2-3 (101-628-400) or 8B (101-628-500) barcodes)

\S/t;r:;:il:)rsl 5 Barcoded Overhang Adapter Kit 8A Use set A or B (16 total
(101-628-400) or 8B (101-628-500) barcodes)

(Human)

Shotgun Barcoded Overhang Adapter Kit 8A Use set A or B (16 total

Metagenomics (101-628-400) or 8B (101-628-500) barcodes)

MICF(.)bIa|. 32-48 Oligo Synthesis Provider SR e B s

Multiplexing sequences

Table 1. Samples may be barcoded using PacBio’s Barcoded
Overhang Adapters. For >16 samples, additional barcoded
overhang adapters may be ordered from your Oligo Synthesis
Provider.

Low DNA Input Multiplexing of Arthropods for
De novo Genome Assemb|

Shear 200 ng high quality sDNA
(per sample) to 13-15 kb with
Megaruptor

DNA damage repair, end-repair
and A-tailing

v

Ligation with Barcoded
Overhang Adapter and Pool -—

amples Multiplex 2-3 insect genomes
. (<600 Mb)

o i AP D - Low DNA Input Multiplexing is
necessary supported on the Sequel Il
System only (30-hr movies, 2-hr
pre-extension)

Prepare for Sequencing (primer

annealing and polymerase
binding)

Fig 3. Library prep workflow for multiplexing small genomes.
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Fig 4. Barcode detection rate is ~70% yield of barcoded reads
In a 2-plex pool.
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Fig 5. High contiguity (FALCON + Purge-Dups) and genome
completeness (BUSCO) for multiplexed insect de novo
genome assemblies.

Multiplexing Two Human Samples in One

SMRT Cell 8M for SV Detection

A Shear 5 ug high quality gDNA
(per sample) to 20-40 kb with
Megaruptor

- Multiplex 2 human samples

- SV Multiplexing is supported on
the Sequel Il System only (15-hr
I movies, 4-hr pre-extension)
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Fig 6. Library prep workflow for multiplexing two human samples
(A). Libraries may be size-selected using BluePippin (gold
standard) or AMPure PB Beads. (B) Femto Pulse sizing QC

analysis of samples size selected with BluePippin and AMPure PB

Beads.
A Size- Total Unique Polvmerase| Polvmerase Longest | Longest
Selection | Bases |Molecular R‘:. (bp) N;O (bp) Subread Subread | PO0% | P1% P2 %
Method | (Gb) |Yield (Gb P N50 (bg
BluePippin  220.0 53630 99322 21912 28946 46.32 51.19
AMPure 260.3 90.8 52249 95486 18523 26466 32.79 62.16 5.06

Total Unique Molecular
B 9 Fold UMC/ % Barcoded
Coverage,
Barcode yield
2 samples

BluePippin 21.53 10.7X

AMPure 21.76 10.9X 66.0

Table 2. Sequencing (A) and coverage (B) performance of
BluePippin and AMPure PB size-selected 2-plex human
libraries. % Barcoded reads for a 30 kb pooled library is ~65%,
generating ~10-fold unique molecular coverage (UMC) per
sample. Recommended UMC coverage for population genetics
IS 5- to 10-fold.

A BP-20kb m “ B BP-20kb m
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Fig 7. Longer inserts maintain barcoded read count (A) and
produce more uniqgue molecular yield (B). For SV detection
using CLR (continuous long read) sequencing mode, we
recommend shearing genomic DNA to approximately 30 kb and
size-selected with lower cutoff of 15 kb.

Shotgun Metagenomics for Species Detection,
Gene Profiling and Assembl

Shear >750 ng gDNA (per
sample) to 10 kb with
Megaruptor or g-TUBE

DMA damage repair, end-repair

L - Multiplex up to 4 samples
: depending on project goals
i - Metagenomics Shotgun
samples Multiplexing is supported on the
: Sequel Il System only (30-hr

Size-Selection with AMPure PB
Beads. BlueFippin is not
necessary

movies, 2-hr pre-extension)

Prepare for Sequencing (primer
annealing and polymerase
binding)

Fig 9. Shotgun metagenomics library prep workflow
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Fig 10. Metagenomics samples (A) are often degraded but can
still be sheared to 10 kb (B) for shotgun sequencing.

Fig 11. Relative abundances is the
same across MSA-1003 samples
tagged with 6 different barcodes.
Species down to 0.018%
abundance were detected
successfully in a 6-plex pool.
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Multiplex Up to 48 Microbes on One
SMRT Cell 8M

Shear 1 ug high quality gDNA
(per sample} to 10 kb with
Megaruptor or g-TUBE

- Multiplex up to 48 microbial
genomes
n -

Multiplexing (32-48) in Sequel
e e Il System only (15-hr movies,

Samples 2-hl‘ pre-eXtenSIOn)
v

Size-Selection with AMPure PB
Beads. BluePippin is optional

DNA damage repair, end-repair
and A-tailing

v

Prepare for Sequencing (primer

annealing and polymerase
binding)

Fig 12. Library prep workflow for microbial multiplexing
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Fig 13. 48 microbial samples sheared to 10 kb (A) W|th the
Megaruptor and pooled (B) for sequencing on Sequel |l System
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Fig 14. A 10 kb insert library performs similarly well to a 15 kb
Insert library with mean (total base) coverage of >200-fold.
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Fig 15. Genomes assembled to less than 5 contigs using
PacBio’s Microbial Assembly pipeline in SMRT Link. This tool
IS a push-button de novo assembly analysis application for
small genomes between 2.0-10 Mb, which includes
circularization and assembly of plasmids between 2-220 kb.

Conclusions

- Sequel Il Chemistry 2.0 generates longer overall read
lengths enabling multiplexing of larger genomes

- 2-1o 3-Plex for low DNA input de novo assembly of
arthropods

- 2-Plex for human structural variant detection
- 4-plex for metagenomics shotgun sequencing

- 32- to 48-Plex for microbial multiplexing
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