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Background Analysis workflows Assembly results continued
High-quality long-read sequencing has become essential for a _

. . . . Standard . seqWell - Genome size . o
genome assembly, variant detection, and metagenomic prof|||ng S Ampll_Fl Bacterial isolate ATCCID  (Expected)  Contigs (Expected) Circular (Expected) GC%
and assembly_ While the PacBio HiFi workflow delivers ind ustry- HlFl LOngPIeX écinetc;bzctetrb_aL{ma_nni;')stra{'n_AY_E BAA-1710D-5  3.96 Mb 3.9M:; 9.7Kk; 5.6k; 2.7k yes; yes; yes; yes 39.35%

. . . . . ampylobacter jejuni subsp. jejuni
leading read accuracy and contiguity, researchers increasingly ) . ) . ) . strain CIP 702 33560D-5  1.77 Mb 1.79M yes 30.22%
require solutions that reduce input requirements, simplif Clostridium perfringens 13124D-5 3.6 Mb 3.26M es 28.38%
d | put req pliTy SMRThbell SMRThbell SMRTbell Cronobacter sakazaki strain 2001- .
preparation, and lower per-sample cost. To address these needs, demultiplex demultiplex demultiplex 10-01 BAA-894D-5 451 Mb__ 4.3M; 131.2k; 31.2k 2.7k yes; yes; yes; yes 56.73%
: c g Enterobacter cl bsp. cl
we evaluated three PacBio workflows: standard HiFi library \ / \ / \ / strain CDC 44268 13047D-5 561 Mb 5.3M; 199.6k; 86.3k; 5.1k yes; yes; yes; no 54.58%
PR = 2 2.8M; 215.9k; 63.7k; 43.0k;
preparation’, the Ampli-Fi protocol<, and the seqWell LongPIex3 g A g o g A Enterococcus faecium strain MMC4 __ 51559D-5 316 Mb__ 12.5k; 4.4k; 2.9k; 2.0k yes; yes; yes; yes; yes; yes; yes; yes 37.71%
PCR+ methOd (Flg 1) on representatlve gen0m|C DNA Samples Assemb|y Amp“-FI LongP.leX Escherichia coli strain MG 1655 700926D-5 4.64 Mb 4.6M yes 50.79%
including plant, microbial isolates, and metagenomic samples. demultiplex demultiplex . e oy | 52Mi048K 679K 666k o
. . . ) L ) L ) L ) scherichia coli strain - . .8k; 5. yes; yes; yes; yes; yes; yes 71%
Libraries were sequenced on the PacBio Revio and/or Vega Klebsiella pneumoniae strain 5.4M; 140.8k; 117.8k
: : : . \ . : \ 1000527, 7561 BAA-2146D-5  5.78 Mb 84.4k; 2.0k . yes; yes; yes; 56.97%
systems (Fig. 2) and analyzed appropriately (Fig. 3). We assessed Deduplicate E—
key metrics including library simplicity, sequence data quality, HiFi Deduplicate (only for e SN s -
read length, HiFi data yield, barcoded reads, duplicate reads, \ ) = PCR+) Salmonalla anterica subs Entariea oo SAMAZIC LI yes: yes' yes 20515
genome assem bly metrICS genome al |g nment Coverage per_ serovar Typhimurium strain LT2 700720D-5 4.95 Mb 4.9M; 93.9k yes; yes 52.24%
sample reagent costs, and preparation time (Fig. 1,4; Tbl. 1-4). A " éf'.sre]mg% Stashylocorous atreus subsp A R .
: : : (e . o ssem | : ' ) . . 0
Th|S com parlson Illustrates the ﬂeXIbIIIty Of PaCB|O S H|F| y fogr rice) aureus strain Seattle 1945 25923D-5 2.81 Mb 2.8M; 27.5k yes; yes 32.86%
' L fi : . ) . ) Vibrio harveyi strain BB120 BAA-1116D-5  6.07 Mb 3.8M; 2.2M; 89.0k . yes; 45.43%
sequencing ecosygtem and quantifies trade-offs among qual.lty Vibric poreroemclytious strain YESLYES: Yes
results, input requirements, cost, and workflow simplicity. This Figure 3. Analysis steps for the different library prep workflows. EB101 1780205 5.15 Mb 3.3M; 1.9M yes; yes 45.33%
study provides researchers with a practical framework for selecting
. . . . mpli-ri seqvve ongriex +
the optimal PacBio workflow to suit their needs. D : Perfect
ata metrlcs assemblies / 3
Clostridium perfringens
ry— *Cronobacter sakazakii strain 2001-10-01
- S - - mpii-Fi Escherichia coli strain MG1655 Escherichia coli strain MG1655
P aC B IO H I FI WG S I I b ra ry p re p s OI u t I O n s Read Read SMRTbell sequVeII Listeria monocytogenes strain Li 2 Listeria monocytogenes strain Li 2
length quality barcoded barcoded Unique Duplicate Final Salmonella enterica subsp. Enterica serovar Typhimurium strain
Instrument (mean) (median) reads reads reads reads yield LTz
Staphylococcus aureus subsp. aureus strain Seattle 1945
Standard HiFi prep Nearpertect Vibrio parahaemolyticus strain EB101 Vibrio parahaemolyticus strain EB101
SMRTbell prep kit 3.0, HiFi prep kit 96, HiFi plex prep kit 96 Zyagen rice Revio  7.86kb Q40  334M - - - 26.24Cb assemblies ! 2
. ZymoBIOMICS Gut Microbiome Standard (D6331) Vega 6.32kb Q51 0.40 M - — — 2.52Gb Campylobacter jejuni subsp. jejuni strain CIP 702 Campylobacter jejuni subsp. jejuni strain CIP 702
* Benefits: ZymoBIOMICS Gut Microbiome Standard (D6331) Revio 6.90kb Q47 0.45M — - — 3.10 Gb Salmonella enterica subsp. Enterica serovar Typhimurium strain
* Maximum mean HiFi read lengths ZymoBIOMICS Fecal Reference (D6323) Vega 7.74kb Q47 4.18 M _ _ _  32.37Gb LT2
* Methylation information ZymoBIOMICS Fecal Reference (D6323) Revio  8.74kb Q44 5.01 M — — — 43.80 Gb oo A
« Multiplexing up to 384 Table 4. a) Bacterial isolate references and b) assembly results. The Ampli-Fi run
* Prep time is ~3.5 — 6.5 hours® Ampli-Fi had 6 replicates of each of the 16 isolates for a 96-plex run on the Vega system
e Limitations: ZymoBIOMICS Gut Microbiome Standard (D6331) Vega 5.76kb Q43 — 041M 041M 0.02% 2.39Gb . .
. H|gher ||brary prep cost per Samp|e (~$39 — $82 depending on prep kit used**) ZymoBIOMICS Gut Microbiome Standard (D6331) Revio 6.30kb Q41 — 047M 047M 0.02% 2.95Gb and the assembly reSUItS are based on One representatlve repllcate The Seqwe”
- Requires 50 - 500 ng gDNA per sample depending on plexity ZymoBIOMICS Fecal Reference (D6323) Vega 6.56kb Q42 - 380M 379M 0.16% 24.90 Gb LongPlex run had 16 isolates with no replicates on the Vega system and the HiFi
ZymoBIOMICS Fecal Reference (D6323) Revio 7.43kb Q41 — 514M 512M 0.19% 38.05Gb data was downsamp|ed to simulate ~ a 192_p|ex (~2OO Mb/sample) and then
16 Bacterial isolates x 6 replicates Vega 7.88kb Q42 — 7.29M 7.29M 0.007% 57.43 Gb
assembled. seqWell LongPlex assembly results are based on downsampled data.
seqWell LongPlex Perfect assemblies: single-contig chromosome(s) and all are circular; Near-perfect
PCR-free: Zyagen rice x 24 replicates Revio  511kb Q44 273M — 146M - - 1456b assemblies: single-contig chromosome(s), but not all are circular. *Perfect except
PCR+: Zyagen rice x 24 replicates Revio 5.70kb Q43 5.34 M 476M 476 M 0.01% 27.14Gb . . . . .
— PCR+: ZymoBIOMICS Gut Microbiome Standard (D6331) Vega 4.84kb Q41 203M 202M 0.30% 9.80Gb missing smallest contig due to library size selection.
Ampli-F tocol 11.43 M
Mpli-r1 protoco PCR+: ZymoBIOMICS Fecal Reference (D6323) Vega 5.38kb Q41 9.29M 9.26M 0.30% 49.72 Gb
« Benefits: PCR+: 16 Bacterial isolates Vega 5.82kb Q40  10.88M  10.82M 10.71M 1.10% 62.32 Gb

* HiFi sequencing with as little as 1 ng of gDNA

+ Hi-C on HiFi with CiFi application Table 1. Qeqeral data metrics fqr different library prep workflows, sample types, Summary
e Access to Cha"enging Samp|e types and PaCBIO InStrumentS from thIS StUdy
» Multiplexing up to 384 x 96
] _F’rf:pt_time is ~7 hours* - Standard HiFi library preparation provided the highest
* Limitauons. - .
+ Loss of methylation information Assembly results quality results across all evaluated metrics.
« Slightly shorter mean HiFi read lengths . . = x
—’— « Higher library prep cost per sample (~$42 — $85 depending on prep kit used**) Am pII-FI sgpported t_he lowest DNA Input amounts and
a - _ _ delivered higher quality results than LongPlex (but lower than
SenCR IR e sy, Er Contigs NS0 LSO standard HiFi prep), while still enabling pooling prior to library
Primary 400.0 Mb 654 30.2Mb 6 preparation.
seqWell LongPlex kit Alternate 17.7Mb 636 31.4kb 205 _
N  seqWell LongPlex achieved the lowest per-sample cost
| -+ Shearing and barcoding in one step depending on plexity and offered the simplest workflow via
@ : « Easier workflow and faster TAT (prep time is ~5.5 hours for 96 samples™) seqWell >1x >2x >5x Mean reads Mean duplicate . . . .
_[/‘,_ % ? J * Lowest library prep cost per sample (~$23 — $107 depending on plexity**) LongPlex coverage coverage coverage perbarcode reads per barcode streamlined S_hearmg and ar_]d upfront barCOdmg’ though with
» Multiplexing up to 384 x 96 PCR-free  18.12% 5. 40% 0.23% 60.8 k N/A reduced quality results relative to the other two approaches.
* Limitations: . .
* If PCR+ approach, loss of methylation information PCR+ 70.09%  48.71% 9.53% 198.4 k 19.7 * For the rice sample, squeII LongPIex PCR-free retained
» Shorter mean HiFi read lengths : : ‘i
« For metagenomlesl/fragmentged/k)wer MW DNA. PCR-free has low demux rate Table 2. a) Standard HiFi prep assembly results for rice sample run on the Revio I_DNA.methyIatlon profiles comparable to _Sta_ndard HiFi
—T  -Requires 2150 ng gDNA per sample system. b) seqWell LongPlex PCR-free and PCR+ alignment to standard HiFi prep libraries; however, low barcode recovery limited genome
assembly coverage, mean reads/barcode, and mean duplicate reads/barcode. coverage. PCR+ libraries yielded substantially improved
Figure 1. HiFi WGS library prep solutions outlining benefits and limitations for each coverage, indicating the need for further PCR-free optimization.
workflow. *Manual preparation time without using SRE. Time does not include .
optional QC checkpoints as that will vary by lab equipment used. **All prices are N e e e For tze F;Ol?ll.?:q human fecal re;e[]enﬁ.e Tetagenorse Safmlvrl)fé
listed in USD and cost may vary by region. Pricing includes library reagents and ZymoBIOMICS Gut Microbiome Standard (D6331) standar IF pr_ep_ generated the highest number o o S,
does not include instrument amortization, other reagents, or DNA extraction. Standard HiFi prep 10 2 2 14 25 hifissm followed by Ampli-Fi and seq\Well LongPlex PCR+. Ampli-Fi
Ampli-Fi ° ° ° " 20 hiflasm and LongPlex PCR+ performed similarly for the mock
seqWell LongPlex PCR+ 7 2 2 11 2.0 hifiasm ) . ) _ i
Standard HiFi prep 7 2 4 13 25  myloasm community, producing equivalent numbers of high-quality
Experlmental des'gn ggw;ﬁlLongPlex PCR+ 3 j 8 :I|:I| 28 Ez:zzzz MAGS
ZymOBIOMICS Fecal Reference (D6323) * For bacterial isolates, Ampli-Fi p_)rod uced more perfect and
Sample type Workflow HiFi system Assembler Standard HiFi prep 42 31 134 207 247 hifiasm near-perfect genome assemblies than seqWell LongPlex
Ampli-Fi 33 14 113 160 20.9 hifiasm
seqWell LongPlex PCR+ 19 18 102 139 20.9 hifiasm PCR+ .
Standard HiFi prep 45 46 131 222 24.7 myloasm o : _
Stardard HE _ P » - e o7 205 moeen All workflows achieved per-sample costs below $190 USD,
seqWell LongPlex PCR+ 19 47 105 171 20.9  myloasm depending on genome size and/or multiplexing, enabling high-
Zyagen rice hifiasm# Table 3. Metagenome-assembled genome (MAG) results from the Vega system for throughput applications such as long-read low-pass genotyping,
seqWell the Zymo gut microbiome standard and fecal reference, each workflow, and two metagenome assembly and profiling, and microbial isolate
LongPlex PCR+ assemblers. Data for each sample was downsampled to ~ match the lowest assembly.
and PCR-free number of reads.
sc-HQ-MAGs: single-contig high-quality MAGs (>90% completeness, <5%
contamination); mc-HQ-MAGs: multiple-contig high-quality MAGs; MQ-MAGs: References

Standard HiFi medium-quality MAGs (>50% completeness, <10% contamination).

1. HiFi library preps: https://www.pacb.com/products-and-

. hifiasm-meta® a b services/consumables/library-prep-and-barcoding-kits/
2 Metagenomes Ampli-Fi 16 250 : .
& myloasm® fiasm mylosem hifiasm myloasm 2.  Ampli-Fi protocol: https://www.pacb.com/wp-content/uploads/Procedure-
o = MAC aqualiy checklist-Amplifying-genomic-DNA-for-SMRTbell-library-preparation-and-
2004 o G MAGE HiFi-sequencing.pdf
ot PR 3. seqWell LongPlex kit: https:/seqwell.com/longplex-multiplexing/
1504 139 || 131 4. Cheng, H., Concepcion, G. T., Feng, X., Zhang, H., & Li, H. (2021).
134 122 Haplotype-resolved de novo assembly using phased assembly graphs with
e SMRT Link Microbial 00 . 109 hifiasm. Nature methods, 18(2), 170-175. https://doi.org/10.1038/s41592-
Genome Analysis’ 020-01056-5
16 Bacterial 5. Feng, X., Cheng, H., Portik, D., & Li, H. (2022). Metagenome assembly of
Isolates high-fidelity long reads with hifiasm-meta. Nature methods, 19(6), 671-674.
Lo Sgﬁe\/)yglcm hifiasm https://doi.org/10.1038/s41592-022-01478-3
S € S 6. Shaw, J., Marin, M. G., & Li, H. (2025). High-resolution metagenome
O S e assembly for modern long reads with myloasm. bioRXxiv,
FigltJre 2. S;udy expslrimenteél deslggg_vc\j/it? siwréle type, gb\;ary prep workﬂ%\gl, hHiFi Figure 4. MAG results from the Vega system for the two metagenome samples 2025.09.05.674543. https://doi.org/10.1101/2025.09.05.674543
system, and assembler used on HiFi data. evio and Vega runs were ours. : : : : : . .
The assembler used for bacterial isolates differs between the two workflows for this each workflow, and two assemblers adapted from Table 3. a) Zymo gut microbiome r SMI?TbmkI Mgrfgﬁéﬁ-ﬁno&n 8 Ana(lay S-Ig' ht;%s%//w(ﬁw.pacb.com/wp-
study. standard; b) Zymo pooled human fecal reference. COlIeTLRIoEds =l selrstiteyay, LI
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