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Abstract

Prevailing poly(dT)-primed 3’ single-cell RNA-seq protocols generate barcoded cDNA fragments containing the reverse transcriptase priming site
or in principle the polyadenylation site. Direct sequencing across this site was historically difficult because of DNA sequencing errors induced
by the homopolymeric primer at the ‘barcode’ end. Here, we evaluate the capability of ‘avidity base chemistry’ DNA sequencing from Element
Biosciences to sequence through the primer and enable accurate paired-end read alignment and precise quantification of polyadenylation sites.
We find that the Element Aviti instrument sequences through the thymine homopolymer into the subsequent cDNA sequence without detectable
loss of accuracy. The additional sequence enables direct and independent assignment of reads to polyadenylation sites, which bypasses the
complexities and limitations of conventional approaches but does not consistently improve read mapping rates compared to single-end alignment.
We also characterize low-level artifacts and demonstrate necessary adjustments to adapter trimming and sequence alignment regardless of
platform, particularly in the context of extended read lengths. Our analyses confirm that Element avidity sequencing is an effective alternative
to lllumina sequencing for standard single-cell RNA-seq, particularly for polyadenylation site measurement but do not rule out the potential for

similar performance from other emerging platforms.

Introduction

Avidity sequencing is a short-read DNA sequencing chem-
istry and platform recently released by Element Biosciences
(1). One purported advantage compared to sequencing-by-
synthesis approaches like Illumina is a greatly reduced er-
ror rate following homopolymers, as demonstrated in whole
genome DNA sequencing (1,2). However, this capability has
not been utilized in other contexts. For example, homopoly-
mers occur for technical reasons in many single-cell RNA-
seq protocols. In 10x Genomics Chromium 3’ scRNA-seq li-
braries, a 30 bp poly(dT) primer separates the 28 bp molec-
ular barcodes from the presumed end of the messenger RNA
(mRNA), i.e. the polyadenylation site (3). Because the mate-
pair (reverse) reads typically do not span the entire comple-
mentary DNA (cDNA) insert, sequencing through the primer
with a longer forward read should, in principle, simplify the
assignment of reads to polyadenylation sites or discrimination
of reverse transcriptase artifacts. Due to the sharp reduction
in post-homopolymer accuracy of the Illumina technology,
this is traditionally avoided, and the commercial Cell Ranger
software is hard-coded to ignore sequences after the bar-
codes. Instead, the ‘standard’ sequencing configuration uses
a short forward read that covers only the barcodes (e.g. 28
bp), and a ~90 bp reverse read capturing part, but rarely
all, of the cDNA insert fragment (Figure 1A). The narrow
coverage window impedes the analysis of alternative splic-

ing and isoform diversity (4) and is also sensitive to an-
notation quality (5,6) or gene-specific mappability (7). This
leaves alternative polyadenylation as the most facile variety
of isoform-level analysis, and at least 16 utilities have been
released for this task (8). Contemporary approaches are lim-
ited by two factors: first, most cDNA inserts are longer than
the read length; hence, they cannot provide direct evidence
of the read’s precise origin. Second, a substantial fraction
of ¢cDNAs arise from internal priming rather than poly(A)
tails, which requires heuristics to discard potential artifactual
sites.

Here, we evaluate the potential for Avidity sequencing to
bypass these complications by directly sequencing the end of
each ¢cDNA fragment with an extended forward read. We
report a simple benchmark using paired-end data from five
human single-cell libraries sequenced on the Element Aviti
instrument and the Illumina Novaseq6000. We evaluate the
merits of paired and single-end alignments and the impact of
read length on mappability and the assignment of reads to
polyadenylation sites. We also identify necessary adjustments
to the alignment workflow to achieve maximal performance
and discuss pertinent unrecognized artifacts and their broader
relevance. In light of cost considerations amid renewed com-
petition in short-read DNA sequencing, we anticipate that
these results and data will be useful to the design and anal-
ysis of a variety of future experiments.
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Figure 1. Assessment of Aviti post-homopolymer sequencing accuracy in single-cell RNA-seq. (A) Library schematic and sequencing configuration.
Barcoded primers are designed to initiate reverse transcription at the base of the poly(T) tail, as primers end in a VN dinucleotide ‘anchor’ sequence
(VN = A, Cor G followed by A, T, C or G). (B) Fastqg base quality trace for lllumina 150 bp x 150 bp data, sample S1. Nucleotide positions are reported
from 5" to 3’ for read 1 and read 2. (C) Element 150 bp x 150 bp on the same library reports no loss of quality in the homopolymer segment. (D)
Alignment of Read1 cDNA segment (position 59-150) is reliable with Element but not Illlumina sequencing. (E) Measured primer (poly(T) homopolymer
starting at position 29) has a median length of 30 bp but modest contraction and expansion.

Materials and methods

Single-cell library preparation and sequencing

The initial sample dissociation and library preparation for
[llumina sequencing are described in two previous publica-
tions (9,10). All samples used the 10x Genomics V3 proto-
col, i.e. 12 bp Unique Molecular Identifier (UMI) and 16 bp
cell barcode. Sample ‘S1’ specifically used v3.0 while the other
four libraries used v3.1. Illumina sequencing was performed
on a NovaSeq 6000 instrument in the Genomics Shared Re-
source at the University of Colorado Cancer Center. Excess
material from finished libraries was later shipped to the Uni-
versity of Utah Core where it was prepared for Element se-
quencing using the ‘Adept’ circularization kit. We sequenced
five libraries across two Aviti flow cells, generating ~1.8 bil-
lion total read pairs. Sequencing metrics are summarized in
Supplementary Table S1. We performed quality assessment us-
ing Alfred (11) and fastqc. We also used seqkit (12) to extract
reads with extended homopolymer sequences with the ‘grep’
command.

Adapter trimming

Finished libraries are expected to contain technical adapter
and primer sequences. We used cutadapt (13) and selected
utilities from seqtk and bbtools to manually trim primers and
adapters from fastq files before alignment. The poly(T) primer
introduces a 30 bp poly(A/T) sequence, while the 30 bp tem-
plate switch oligonucleotide (TSO), which is used for second
strand cDNA synthesis, may also remain in the finished library
depending on fragment size and starting RNA length. Specif-
ically, we trimmed 3’ poly(A) and 5" TSO from R2, excess 5’
poly(T) from R1 (to account for the variation seen in Figure
1D) and 3’ TSO and TruSeq primers from R2 with cutadapt.
We collated adapter trimming stats from the json output of
cutadapt. For R2 single-end alignment only, we also tested
STAR’s built-in adapter trimming feature ‘—clipAdapterType
CellRanger4’ which is meant to trim 3’ poly(A) and 5’ TSO se-
quences. We used seqtk to hard-clip R2 to 90 bp before some
alignment tests and used the ‘repair’ utility from bbtools to
discard reads with a missing mate, when necessary.
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Alignment and quantification

All alignment and gene-level transcript quantification used
STARsolo version 2.7.9a (14). To use this version of STAR and
its latest features, we re-indexed the 2024-A human GRCh38
reference annotation provided by 10x Genomics, which uses
a filtered set of gene and transcript models from GENCODE
v44. We used the ‘Gene’ quantification mode in STARsolo to
quantify genes based on exonic alignments.

Alignment and trimming workflow optimization

Because STARsolo is not commonly used in paired-end config-
uration, we found that certain non-default parameters needed
to be enabled. We first activated the ‘peOverlapNbasesMin’
feature, which enables merging and ‘second-pass’ alignment of
overlapping mate pairs. We also enabled ‘alignEndsProtrude,’
which allows for alignments to extend past each other due to
imbalances in the trimming step. We set a minimum alignment
length of 31 bp based on the default behavior observed in the
output of Cell Ranger v8. This value signifies that any trimmed
read which is <31 bp or which yields an aligned subsequence
<31 bp will be called as unmapped. We did not adjust the
mismatch parameters for the analyses described here; how-
ever, a variety of other options are available for relaxing the
alignment or mate-pair merging thresholds, which may lead
to marginal increases in read alignments.

For single-end alignment, we tested alignment with no
adapter trimming, built-in trimming (—clipAdapterType Cell-
Ranger4) and with the same pre-trimming used for the paired-
end alignments. We also confirmed that Cell Ranger exhibited
the same failure to properly trim 150 bp R2 reads, i.e. it ex-
hibited a worse alignment rate for 150 bp R2 than for hard-
clipped 90 bp R2.

Polyadenylation site assignment and quantification

We used scraps for paired-end polyadenylation site quantifi-
cation (15). To our knowledge, this is the only workflow
currently available for the quantification of polyadenylation
sites from paired-end or readl-only sequences. We utilized
polyApipe for single-end polyadenylation site quantification.
Both workflows utilize umi-tools internally (16). We modi-
fied scraps by disabling a step that adjusts alignment positions
based on the expected size of the primer based on our obser-
vation that reads with expanded or contracted primers still
aligned to the same boundary. We also adjusted the preceding
alignment step by soft-clipping the first 48 bp of R1 rather
than the first 58 bp to account for cases in which the mea-
sured primer length contracts by up to 10 bp.

We ran polyApipe on BAM files generated with the
STARsolo ‘CellRanger4’ adapter clipping option, which soft-
clips poly(A) primers rather than removing them entirely.
PolyApipe identifies putative PAS from soft-clipped reads and
then aggregates other reads within a 250 bp upstream win-
dow, by default. It then flags sites that contain an aligned
stretch of A’s ahead of the soft-clipped tail, as this is indica-
tive of internal priming. We intersected the resulting windows
with the same database of validated PAS used by scraps. The 3’
end of the peak had to intersect with a 15 bp window around
the annotated site, which is the same logic used by scraps.
We did not experiment with other parameters of polyApipe,
such as the minimum number of soft-clipped reads per site
(default = 1) or length of soft-clipped tail. Alignments were
visualized with IGV (17).

Statistical analyses

All statistical analyses and figure generation were conducted
in RStudio 2021.09.0, with R version 4.1.1. We made exten-
sive use of tidyverse (18) packages. Interval comparisons were
performed with GenomicRanges (19). Figures were generated
with ggplot2 (20).

Results

Avidity sequencing is not adversely affected by
technical homopolymers

We resequenced five human single-cell cDNA libraries from
the 10x Genomics 3’ V3 protocol in 150 bp 150 xbp config-
uration using the Element Aviti instrument, generating ~1.8
billion reads from two flowcells. Each library was previously
sequenced on an Illumina Novaseq 6000 in the same con-
figuration (Figure 1A) (9,10). As expected, [llumina forward
reads (R1) exhibited a marked drop in average base quality
in the defined homopolymer interval (position 29-58) and
only partial recovery after emerging into the mRNA segment
(Figure 1B). In contrast, Element data exhibited a high base
quality across the length of both reads and a mild increase in
base quality in the homopolymer window in R1 (Figure 1C),
which may indicate base quality miscalibration. The post-
homopolymer performance is consistent with previous data
from polymerase chain reaction (PCR)-free whole-genome
sequencing (1).

We validated the instrument-reported base qualities by
independently aligning the ¢cDNA interval of the forward
reads (position 59-150 of R1) in single-end mode (Figure
1D). Element data showed unique mapping rates of 80-88%,
which is similar to the threshold described by 10x Genomics
(https://www.10xgenomics.com/analysis-guides/quality-
assessment-using-the-cell-ranger-web-summary). Mismatch
rates per base pair were <0.5%. lllumina R1 mapping rates
hovered ~25%, and mismatch rates per base pair were above
5%. The median poly(T) homopolymer length observed in
Element R1 was 30 bp, as expected, but with modest vari-
ation (Figure 1E): the middle 90% of reads showed poly-T
lengths between 23 and 38 bp. These results demonstrate that
Aviti’s homopolymer accuracy also translates to scRNA-seq
analysis. However, the variation in measured homopolymer
length suggests some expansion and contraction of the primer
due to errors in PCR, sequencing or mispriming within the
poly(A)-tail itself, and that adjustments to the bioinformatic
workflow are needed to maximize read alignment and resolu-
tion of polyadenylation sites. To further assess homopolymer
performance in reads with exceptionally long homopolymers,
we also examined the base quality of the subset of reads that
contain at least a 40 bp poly(T) homopolymer. We found
that these reads exhibited a modest drop in base quality at
the tails of the reads, indicating that homopolymer-induced
errors are strongly attenuated but not fully nullified by the
avidity sequencing platform in the context of exceptionally
long homopolymers (Supplementary Figure S1). However,
base quality scores remained good overall (>28).

After necessary workflow adjustments,
paired-alignment reduces multi-mapping but not
overall alignment rate

We next evaluated the impact of paired-end sequences on read
alignment in Element data. We expected paired alignment to
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reduce multimapping and R2 alignments to be better than
R1 alignments due to the differences in effective read length
(150 bp versus 92 bp). Instead, we initially found that unique
‘paired” alignment was higher than R2, but not always higher
than R1, with substantial variation across libraries. Investiga-
tion of mapping statistics and unaligned reads suggested that
increased adapter and primer content in the finished libraries
was likely responsible. Adapters or primers are expected, par-
ticularly with increased read lengths, but we observed sub-
stantial variation across libraries, particularly in the level of
poly(A) read-in (Figure 2A). The level of TSO primer is more
stable, likely because retention of this sequence is influenced
by the rate of un-fragmented cDNAs and not directly by the
final fragment length. Adapter content was similar between II-
lumina and Element data, indicating the variation is a result
of sample variability at the library preparation stage. While
STAR includes a built-in adapter trimming feature (modeled
after the same functionality in Cell Ranger), it is not config-
ured for paired-end sequences, and we found the impact on
single-end alignments to be small (Figure 2B).

As such, we adopted an adapter pre-trimming approach
(‘Materials and methods’ section), which removes 5’ and 3’
primers and adapters from both mate pairs. This approach
substantially increased R2 alignment rates, particularly in
samples with higher adapter content (Figure 2B). Incidentally,
we found that the built-in adapter trimming was much more
effective if R2 was first hard-clipped to 90 bp, suggesting that
it fails to account for non-terminal poly(A) homopolymers,
which will occur if R2 fully traverses the primer and enters
the barcode segment. We repeated the alignment benchmark
for R1, paired and R2 alignment on the same pre-trimmed
data; paired-end unique alignment rates ranged from 87.5%
to 94%, marginally higher than R2 single-end alignment. Nev-
ertheless, we found that the overall mapping rate (including
multi-mapped reads) was not consistently better for paired
versus single-end alignments (Figure 2C). Instead, longer effec-
tive read lengths (paired > R2 > R1) shifted mapping profiles
from multi- to uniquely mapped. Multi-mapping was ~1.6—
2.9x higher for R1 than paired alignment. Most of the ‘un-
mapped’ reads were the result of up to 4% of reads falling be-
low the trimmed read length threshold, indicative of extremely
short cDNA inserts (31 bp, see ‘Materials and methods’ sec-
tion). Of the reads passed to the aligner, 1.5% to 2.5% failed
to align. Between technologies, Illumina R2 alignment per-
formed well, but unique alignment rates were 2—7 percentage
points lower than Element (Supplementary Table S1). How-
ever, we cannot discount the possibility that homopolymer se-
quencing in [llumina R1 has a carryover effect on base calling
in R2. We also compared gene expression estimates between
technologies but found them to be highly consistent (R > 0.92,
Supplementary Table S2).

These results suggest that while Avidity sequencing gener-
ates highly accurate data from single-cell RNA-seq libraries,
the homopolymer performance is not inherently advantageous
for gene-level single-cell RNA-seq analysis. However, paired
alignments do allow direct estimation of cDNA insert size
distribution. Variation across our samples suggests caution is
warranted when attempting to make use of size distribution
inferred from independent samples, as was done in a recent
preprint to improve discrimination of spliced and unspliced
transcripts (21). Finally, we note that the adapter content met-
rics shown here were manually collated from the output of
the adapter pre-trimming step; these values are not reported
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by typical pre-processing workflows such as STARsolo or Cell
Ranger. Similarly, the basis for read misalignment (i.e. insuffi-
cient alignment length) is not reported by Cell Ranger. Hence,
the observed detrimental effect of increased adapter read-in
with 150 bp R2 length is a useful and unforeseen byproduct
of our investigation into paired-end alignment performance.

Paired-end alignments improve the resolution of
polyadenylation sites

At least 16 methods (Supplementary Table S3) have been de-
veloped for quantifying polyadenylation site usage from tra-
ditional single-end (R2) scRNA-seq alignments (8). While a
comprehensive benchmark has not been performed, the adop-
tion of these tools in biological studies also remains somewhat
limited. We selected polyApipe to test the utility of the tra-
ditional single-end alignment approach, including after hard-
clipping R2 to 90 bp. While unpublished, this tool was used by
a recent publication on polyadenylation machinery (22) and
has also been incorporated into the popular Seurat suite of R
packages for single-cell analysis. More importantly, it is simple
in principle and thus serves as a useful and intuitive compara-
tor for the broader discussion of paired and single-end align-
ments. PolyAPipe relies on soft-clipped strings of A’s at the end
of R2 alignments to identify putative polyadenylation sites
and assigns additional reads to these sites if they align in the
upstream 250 bp (Figure 3A). It then flags presumed off-target
sites (internal priming sites) based on the presence of an arbi-
trarily defined genomic poly(A) homopolymer. This approach
avoids complexities in other workflows such as peak-calling
or size distribution modeling but may also lose reads that align
across splice junctions, mis-aggregate distinct polyadenylation
sites into a single ‘peak,” or mistake true sites for internal prim-
ing sites or vice versa. Reliance on soft-clipping also sensitizes
the approach to variation in insert size distribution or short-
ened read lengths, as only the cDNAs with inserts shorter than
the read length can exhibit the soft-clipped signal.

For paired-end alignment, we used the scraps workflow
(15), which quantifies polyadenylation sites defined in the
PolyADB_V3 set of annotated polyadenylation sites; these
sites were defined using the 3’'READS assay which is designed
to avoid internal priming artifacts (23). By default, scraps as-
signs reads based on the 5’ start of the R1 alignment (Fig-
ure 3A), allowing for -10/+5 bp buffer. We reduced the R1
soft clipping parameter of the R1 barcode/primer segment in
the alignment step from 58 to 48 bp (‘Materials and meth-
ods’ section) to account for the contraction of the primer se-
quence, which would create a spurious offset in the appar-
ent polyadenylation site (Figure 1E). We measured overall
polyadenylation site assignment performance as the fraction
of exonic transcripts (i.e. UMIs) assigned by either workflow
to an externally-annotated polyadenylation site. This step is
integral to the scraps workflow, while for polyApipe we in-
tersected the 3’ coordinate of each ‘peak’ with the same set
of annotated polyadenylation sites (again allowing -10/+5
bp). We found that scraps assigned between 55% and 67%
of exonic UMIs to annotated polyadenylation sites, while
polyApipe assigned between 44% and 62% with 150 bp
R2 and between 43% and 63% with 90 bp R2 (Figure 3B
and Supplementary Table S4). The inconsistent effect of read
length on polyApipe is due to read alignment effects, as the
adapter pre-trimming step is not compatible with the search
for soft-clipped tails. We further restricted the analysis to PAS
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Figure 2. Extended and paired-end reads require additional preprocessing. (A) Adapter schematic in finished libraries. 3’ poly(A) will appear in any R2
longer than the cDNA insert. Most 5" TSO primers are lost during cDNA fragmentation step but will be sequenced at the beginning of R2 if they remain
in the finished library. Adapter content (reads with one or more adapters) is consistent between sequencers but highly variable across samples,
indicating variation in cDNA insert size distribution. (B) Adapter pre-trimming improves single-end unique alignment rate of 150 bp R2 compared to the
current implementation of Cell Ranger or STARsolo, particularly in samples with higher adapter content. Unique alignment rate declines according to
adapter content regardless of trimming, likely due to the occurrence of reads with very short cDNA inserts. ‘Custom’ trimming metrics account for
reads discarded prior to alignment based on a minimum length threshold of 31 bp. Mean adapters per read refers to the total number of trimmed TSO
and p(A) sequences divided by the total number of reads. A single read may contain 0, 1 or 2 adapters. (C) Even after optimized trimming and alignment
parameterization, paired-end alignment slightly improves the unique alignment rate but not the overall alignment rate (unique + multi-mapped reads)
compared to R2 or R1 single-end alignment. R1 alignments show considerably higher rates of multi-mapping due to shorter effective read lengths, but

no elevation in mismatch rate at the pernucleotide level.

with at least 100 total UMIs, which confirmed that the perfor-
mance of scraps was not due to increased sensitivity at lowly
expressed sites (Supplementary Table S5). PolyApipe flagged
~20% of its peaks as ‘misprimed,” but we did not discard these
given that they intersected with annotated polyadenylation
sites. We also observed discrepant behavior in the misprime-
calling step, as more sites were flagged with 90 bp than with
150 bp R2. The reduction in UMI assignment is largely driven
by highly expressed polyadenylation sites that are absent from
the polyApipe output: ~15% of the 1000 most abundant
scraps-assigned polyadenylation sites were not ‘detected’ by
polyApipe, increasing slightly with 90 bp R2 (Figure 3C). This
indicates that the single-end reads in this vicinity, while pre-
sumably still present, were assigned to an alternative ‘peak’
boundary > -10/+5 away from the annotated polyadenyla-
tion site. Differences between 150 and 90 bp R2 is consistent
with the library size variation: 5-55% 150 bp R2 contained a

poly(A) primer (Figure 2A) versus just 1-12% of 90 bp reads,
with the biggest difference in samples S1 and S5.

For the sites that were identified by scraps but not by
polyApipe, ~50% were at least 40 bp away from the near-
est polyApipe-defined site, again varying with insert size dis-
tribution (Figure 3D). However, transcript counts were highly
correlated at shared sites (Figure 3E). These patterns support
the premise that paired alignments improve the resolution
of polyadenylation sites, even at highly expressed sites, but
also indicate that the net benefit is relatively small. Finally,
we manually inspected outlier sites to substantiate the basis
for discrepancies between the two approaches. For example,
COX6C is detected almost exclusively from an isoform with
a short terminal exon (145 bp). In libraries with shorter insert
sizes (S2, 3 and 4), paired and single-end quantification yield
comparable counts. However, library S1, with its longer insert
sizes, shows a 20-fold disparity due to R2 alignments shifting
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definable window. With the addition of R1 alignments, scraps directly assigns alignments based on the alignment start coordinate of R1. Note that the
gene model is depicted in 3’ to 5’ orientation. (B) Paired-end assignment increases the overall rate at which exonic transcripts can be assigned to
annotated polyadenylation sites. 90 bp R2 outperforms some 150 bp R2 for some libraries due to improved alignment rate from built-in adapter trimming
mode. PolyApipe ‘misprime’ peaks are not excluded. (C) Single-end assignment misses a substantial fraction of the top 1000 sites detected from
paired-end alignments, based on a window of -10/+5 bp around annotated sites. (D) Of the top 1000 paired-end sites missed by single-end assignment,
most are within 100 bp of an alternative single-end assigned site. The median distance ranges from 26 to 73 bp across samples, varying according to
library insert size. (E) Total scraps-assigned UMIs versus total polyApipe-assigned UMIs at shared sites in Element library S1. Log-transformed counts
are highly correlated between paired and single-end assignments, R = 0.93. Correlation across remaining samples was comparable, R = 0.99.

into the adjacent exon, outside the 250 bp window used by
polyApipe (Supplementary Figure S2).

Conversely, the polyadenylation site for SOD2 is 40-fold
more prevalent in the R2 polyApipe result than in the paired-
end scraps result. Inspection of alignments shows this is be-
cause the gene is almost exclusively utilizing an unannotated
polyadenylation site 51 bp upstream of the annotated coor-
dinate (Supplementary Figure S3). PolyApipe allocates all of
these reads to the distal site, while scraps omits them. This case
highlights the limitation of relying on a database of annotated
sites for the current implementation of scraps. However, it
clearly demonstrates the potential utility of direct sequencing
of the polyadenylation site in the context of closely spaced al-
ternative polyadenylation— ~30% of polyadenylation sites in
our annotation are within 100 bp of another polyadenylation
site. These results confirm that paired-end avidity sequencing
improves base-pair precision of polyadenylation site assign-
ment, but the benefit is largely restricted to the subset of chal-
lenging regions characterized by multiple nearby polyadeny-
lation sites or polyadenylation sites very close to splice
junctions.

Discussion

In summary, we validated the homopolymer performance of
Avidity sequencing from Element Biosciences by applying it to
paired-end sequencing of 3’ single-cell RNA-seq libraries. We
show that sequencing across the reverse transcriptase prim-
ing site in each read pair enables independent and accurate
resolution of polyadenylation site usage and reduced vari-
ance induced by sample-specific insert size distribution. How-
ever, paired-end sequences have a minimal impact on read
alignability itself, evidently due to the overall short insert size
distribution favored by the single-cell protocol. Instead, in-
sert size distribution appears to be a stronger contributor to
the upper limit of read alignment performance. We observed
tradeoffs among our samples between insert size distribution,
alignment and polyadenylation site analysis: longer inserts im-
prove alignment and reduce adverse effects of primer read-in,
but also worsen polyadenylation site assignment performance
for single-end methods which rely on soft-clipping. Adjust-
ments to the size selection step could make better use of this
capability. We used a symmetrical sequencing configuration
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out of simplicity. However, future studies may find it prefer-
able to allocate instrument cycles in an asymmetric or even
one-sided manner. For example, the Ultima genomics platform
relies on longer single-end reads, and has also shown utility
for single-cell RNA-seq (24). Thus, our study provides useful
guidance for the design and analysis of future single-cell RNA-
seq studies amid the emergence of competing short-read se-
quencing platforms and addresses important informatics im-
pediments to the handling of paired-end or extended read-
length data with conventional tools. The utility of Avidity se-
quencing for other assays in which homopolymers are present
also warrants further consideration. The data generated here
are made publicly available to support future bioinformatic
methods development.

Code availability

Scripts  for  adapter  trimming,  alignment  and
polyadenylation  site  analysis are  available at
github.com/johnchamberlin/avidity_scrna_benchmark. The
exact version of scraps used for this analysis is also provided
as Supplementary Code.

Data availability

Raw Element and Illumina data are available on NCBI GEO
from GSE143363 (Library 1) and GSE232559 (Libraries 2, 3,
4 and §).

Supplementary data
Supplementary Data are available at NARGAB Online.
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