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ABSTRACT: Aptamers have been the subject of more than 144,000 papers to date. However, there has been a growing concern that
errors in reporting aptamer research limit the reliability of these reagents for research and other applications. These observations
noting inconsistencies in the use of our RNA anti-lysozyme aptamer served as an impetus for our systematic review of the reporting
of aptamer sequences in the literature. Our detailed examination of literature citing the RNA anti-lysozyme aptamer revealed that
93% of the 61 publications reviewed reported unexplained altered sequences with 86% of those using DNA variants. The ten most
cited aptamers were examined using a standardized methodology in order to categorize the extent to which the sequences
themselves were apparently improperly reproduced, both in the literature and presumably in experiments beyond their discovery.
Our review of 800 aptamer publications spanned decades, multiple journals, and research groups, and revealed that 44% of the
papers reported unexplained sequence alterations. We identified ten common categories of sequence alterations including
deletions, substitutions, additions, among others. The robust data set we have produced elucidates a source of irreproducibility
and unreliability in our field and can be used as a starting point for building evidence-based best practices in publication standards
to elevate the rigor and reproducibility of aptamer research.

The irreproducibility of research has become increasingly
evident in several fields in recent years * and poses a serious
threat to the efficacy and validity of the research and the
general public’s perception of science. The field of aptamer
research may be particularly susceptible to this
reproducibility crisis.>**° In part, the ability to develop
affinity reagents quickly and simply based on molecular
biology manipulations alone provides a ready entry point for
a variety of researchers with varying backgrounds. The
development of aptamers for use stands in stark contrast to
the development of monoclonal antibodies via hybridoma
and other technologies, where there is a much larger and
longer trail of publications and standards, both academic and
commercial, and where there is much larger use, allowing
greater cross-validation. Because of the lack of adherence to

suggested standards in aptamer research?®, the reliability of
aptamers has been drawn into question, undermining the
credibility of aptamers.3’

As a particularly egregious example of the issues relating to
the reproducibility and reliability of aptamer research, we
first noted the erred interpretation of an 80-mer RNA anti-
lysozyme binding aptamer (Clone 1).22 As we now report in
greater detail, subsequent works not only altered the
aptamer sequence (using DNA as opposed to the original
RNA aptamer), but also in a truncated the aptamer, which
ultimately may have compromised affinity and specificity.*°

Given the paucity of publication standards for the field 48, the
sequence alteration of the anti-lysozyme binding aptamer
was likely not an isolated event, but rather a systemic and
widespread issue of reproducibility and reliability, stemming
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in part from the rapid increase in application-based
publications.®

To elucidate the extent of in silico aptamer sequence
alterations, we sampled a large swath of aptamer literature
to gauge the fidelity of aptamer sequence reporting. We
examined aptamers against the most frequently used
aptamer targets: thrombin, adenosine triphosphate (ATP),
vascular endothelial growth factor (VEGF), platelet derived
growth factor (PDGF) BB, cocaine, theophylline, lysozyme,
nucleolin, immunoglobulin E (IgE), and ochratoxin A (OTA)
(top ten targets listed by application-based publication
frequency.® We identified original aptamer sequences and
followed their subsequent descriptions in cited literature,
characterizing apparent sequence alterations as adequately
described, omitted, or unexplained. The unexplained
aptamer sequence findings were then organized into
phylogenic trees that aided in our identification of common
sources and types of apparent error (Figure 2).

In our review of 800 publications, we provide evidence of
widespread unexplained aptamer sequence alteration over
time. Aptamers appear to ‘devolve’ in the literature. These
findings strongly suggest the need for stringent publication
standards to prevent future sequence errors that could
compromise function and reproducibility of aptamers.

METHODS.

Examination of the Reported Sequences for the RNA Anti-
Lysozyme Aptamer, Clone 13

An anti-lysozyme aptamer selected in 2001 had previously
been reported to ‘mutate’ in the literature over time, and we
therefore used this aptamer as a starting point for
establishing a broader methodology.>* As part of this
methodology, we identified publications in Google Scholar
that cited the original work using the “cited by” option for
this reference. From the top literature results, those that
were written in English, primary literature (i.e., not reviews,
etc.), and used the aptamer in vitro or vivo were analyzed for
reported sequence information. The aptamer sequence(s)
were extracted with notes on any alterations to the
sequence, using direct quotes from the text.

Analysis of the collected sequences then included the
following:

1. Comparison of the reported sequences to the original
aptamer sequence (Clone 1) and identification of
alterations.

2. If alterations were present, further examination of the
cited publication led to an assessment of whether the
variants were adequately explained or unexplained.

3. Inthose cases where there were unexplained sequence
alterations, they were classified into ten categories: (i)
deletion, (ii) insertion, (iii) substitution, (iv) complete

inversion, (v) 5'/3’ addition, (vi) partial inversion, (vii)
complementary sequence, (viii) incorrect sequence
attribution (i.e., in a figure or table), (ix) sequence
omitted, and (x) unknown (i.e., reported an entirely
different sequence).

Using phylogenetic trees as a model, we organized the
aptamers reported in the literature similarly using sequence
homology to visualize sequence fidelity in our sample. We
loosely dubbed this organization an aptamer “phylogenetic”
analysis. The nodes in the artificial phylogenetic trees
represent groupings of aptamers according to unexplained
sequence alterations. Further unexplained derivations were
depicted as branching from a previous sequence alteration
(i.e., Figure 1, node 4A was derived from Figure 1, node 3A).
Publications that correctly reported the original aptamer
sequence, including those with fully explained or described
additions (e.g., 5’-terminal polyT linker or primary amine for
conjugation), were given the same identifying number as the
original aptamer.

Applying the Standardized Method to Aptamer Sequences
Across the Literature

To provide broader insights into the quality of the aptamer
literature, we reviewed aptamers against the 10 most-used
targets® (Table S1), and again determined a primary (original)
aptamer sequence, identified derivatives using the Google
Scholar “cited by” option (i.e., works citing the original). From
the results generated, publications were further sieved by
identifying only those that reported aptamers against the
target using the “search within citing articles” function and
the search terms “[target]” “aptamer” (Table S1). Without
this second search, extraneous papers -- for example those
citing the anti-VEGF aptamer in the introduction -- would
have been included across multiple reviews or other
experimental papers. We then categorized the unexplained
sequence alterations according to apparent type and
organized the reported sequence derivatives into
“phylogenies” according to sequence homology.

The literature search for each aptamer excluded publications
that did not use the aptamer sequence experimentally or
that were not in the English language (i.e., 172 publications
were excluded); however, no exclusions were made based on
the type of journal or date of publication. Publications were
searched from some of the original selection experiments in
1990 %! through March 2020.

The sample size for each aptamer examined varied between
22-171 publications, although we aimed to acquire at least
50 papers for each phylogeny. Cases where there was a
smaller sample size included the Tran et al. anti-lysozyme
aptamer!? and the Jellinek et al. anti-vascular endothelial
growth factor (VEGF) aptamer®, whose phylogenies
contained 22 and 25 papers respectively. The majority of the
literature citing these originating aptamers
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A. Phylogeny Organization of Unexplained Anti-
Lysozyme Aptamer Sequence Alterations
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C. Suspected Source of Node 2B: Table 1 Reporting of Clone 112

sequences

[ 5’GGGAATGGATCCACATCTACGAATTCATCAGGGCTAAAGAG |
TGCAGAGTTACTTAGTTCACTGCAGACTTGACGAAGCTT
5'GGGAATGGATCCACATCTACGAATTCGGTGATCATGGCAGT
GTACGCGGGCGGACATTCACTGCAGACTTGACGAAGCTT
5'GGGAATGGATCCACATCTACGAATTCGGTTGTGAAGATTGG
GAGCGTCGTGGCTACTTCACTGCAGACTTGACGAAGCTT
5'GGGAATGGATCCACATCTACGAATTCGTAAATCGTCGACAG
GAATTGGCGGGCCGGTTCACTGCAGACTTGACGAAGCTT
5'GGGAATGGATCCACATCTACGAATTCGAATTGCGACAGTCG
GGACATGTCGCGAGGTTCACTGCAGACTTGACGAAGCTT
5'GGGAATGGATCCACATCTACGAATTCGGAATGAGTGCCCTG
CAAGCGAGGGCTAGCTTCACTGCAGACTTGACGAAGCTT
5'GGGAAUGGAUCCACAUCUACGAAUUCGGAACCCGCUAGGA
GUGAAACGGGGCGUGCUUCACUGCAGACUUGACGAAGCUU
5'GGGAAUGGAUCCACAUCUACGAAUUCGUUGGAGAAUAUUA
GCGCUACAGAACAGGUUCACUGCAGACUUGACGAAGCUU
S’GGGAAUGGAUCCACAUCUACGAAUUCGGAAAUUGGGGUUA
UUGUUGCAACGGACGGUUCACUGCAGACUUGACGAAGCUU

D. Distribution of Unexplained Anti-Lysozyme Sequence Alterations
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Figure 1. Phylogeny depicting unexplained sequence alterations introduced to the Clone 1 anti-Lysosome RNA Aptamer?
collected 01/01/2020. A. We loosely dibbed this sequence organization and aptamer “phylogenetic” analysis. The nodes in the
artificial phylogenetic trees represent groupings of aptamers according to unexplained sequence alterations. The 79 references
reviewed (18 papers excluded) can be found in the Supplemental 1 section. B. Reprinted from Cox, J. C., & Ellington, A. D. (2001).
Automated selection of anti-protein aptamers. Bioorganic & medicinal chemistry, 9(10), 2525-2531 with permission from Elsevier.
C. Reprinted in part with permission from Kirby, R.; Cho, E.J.; Gehrke, B.; Bayer, T.; Park, Y.S.; Neikirk, D.P.; McDevitt, J.T.; Ellington,
A.D. Analytical Chemistry, 2004. 76 (14), 4066-4075. Copyright 2004 American Chemical Society. D. Unexplained sequence

alterations were classified into categories.

did not use the sequence in vitro or in vivo, and therefore
were excluded from their respective phylogenies
(Supplement 2 Raw Data Drive).

RESULTS AND DISCUSSION.

A Study of the RNA Anti-Lysozyme Aptamer, Clone 13

Lysozyme is one of the most utilized targets in the field of
aptamer research and is amongst the top 10 in terms of
citations.® This popularity was driven in large measure by the
publication of an RNA anti-lysozyme aptamer by Cox et al.
(2001)%. We previously noted? that while the original
selection had been for an RNA aptamer, subsequent uses of
this aptamer had sometimes involved the synthesis of a DNA

version that had not been verified as binding to lysozyme; in
other words, the aptamer had been mutated in silico. This
error was perhaps understandable, given that the figure in
the original paper showed the DNA template for the
production of the RNA aptamer (although the text clearly
describes the generation of RNA transcripts and Figures 2
and 4 note the use of RNA). This misreading and
misattribution of the original work led to the in silico
alterations propagated by subsequent groups (Table S2).

To examine how in silico alterations can be propagated, we
reviewed 61 primary research papers that cited the anti-
lysozyme aptamer, Clone 18. Of those reports that varied
from the original RNA aptamer, the papers were reviewed to
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ascertain if the reported alterations were adequately
described, omitted, or unexplained. Sequence alterations
found include deletions, insertions, substitutions, inversions
or partial inversions, improper description of complementary
sequences, incorrect sequence attribution (i.e., boxing the
incorrect aptamer sequence in a Figure), and/or reporting an
entirely different sequence than the sequence cited.

In an effort to illustrate and organize the aptamer sequence
data as it “evolved” in the literature, an aptamer phylogeny
was created. The phylogeny includes the original/parental
80-mer anti-lysozyme RNA aptamer (Clone 1), also called the
“root” aptamer, and nodes are organized by sequence
homology (i.e., those that more greatly differ from the root
aptamer are further away and have a larger node number).
As shown in Figure 1A, the phylogeny includes 4 branch
points and 9 nodes in all (including the root aptamer) with
DNA variants indicated as blue nodes. While we made our
best attempts to ascertain what was “reported” versus what
was actually “used,” in most cases, we could not distinguish
one from the other and thus settled on the liberal use of what
was “reported.” Further, in an attempt to ascertain the
source of the unexplained sequence modifications, we
examined altered sequences and the publications they cited
and report our hypotheses here. The anti-lysozyme aptamer
sequence phylogeny alignment is shown in Table 1.

After the root anti-lysozyme RNA aptamer node (1) in Figure
1, the first branch point leads to four nodes. The first node,
2A, is an unexplained truncated DNA sequence with a 39 nt
3’ deletion, as well as terminal additions (5’ biotinylation and
a 24 nt oligo(T) linker). This aptamer was primarily used by a
single group. *¥7 We hypothesize that the alteration was due
to a misinterpretation of the Kirby et al. (Table 1)*¢, shown in
Figure 1C, which reported the DNA template of the six
original anti-lysozyme aptamers® and three novel RNA
aptamers with a line break in the sequences. Node 2A
includes the first line of this sequence. A later 2015
publication by the same group reported the Kp of the altered
sequence (2A) without discussing its origin.*

The 2B node (Figure 1) is an unexplained DNA sequence with
a 24 nt deletion from the 3’ end and a 14 nt deletion from
the 5’ end and was found in 35% of papers reviewed. The 2C
node is the RNA aptamer sequence, but with a single Uto T
substitution reported in the paper, an in silico error but likely
not in the molecule used.?® Finally, the 2D node is a full-
length RNA sequence but with a deletion of 4 internal
nucleotides?, likely again an error in the paper but not the
molecule itself, as the manuscript notes the acquisition of the
original aptamer material from the lab where the aptamer
originated.

All further unexplained sequence modifications branch from
node 2B, the citation of an all-DNA variant (Figure 1A).
Organized by sequence homology, the 5 and 3’ cropped
variant at the 2B node leads to a branch point with three
nodes: 3A, 3B, and 3C. Node 3A, which makes up 40% of the
altered sequences in this phylogeny, is a DNA variant with
primer-binding regions deleted (i.e., 5’ 26 nt deletion and 3’
24 nt deletion). This sequence is equivalent to what was
reported in Figure 3 of the 2001 paper®, although this
sequence was not in fact used for experiments. We suspect
that the node 3A sequence alteration arose due to a
misunderstanding of Figure 3 in the original paper, which
reported the 30 nt DNA template for the random sequence
region of the selected RNA aptamer, without also including
accompanying primer-binding regions (although the
remainder of the paper indicates the sequence of the entire
RNA aptamer).® Presumably, groups that mistakenly used the
DNA template of the random region obtained it by using this
figure.

Variant 3B differs from 3A in that it has an unexplained 3’-
terminal addition of GGGCGC, the partial (13 nt) return of the
5’ primer region, and an adequately explained 5’-thiol
modification (5’-HS-(CH,)s) for covalent conjugation to gold
nanoparticles.?! Variant 3C contains a number of otherwise
unexplained modifications: a Cto A internal substitution, a 6
nt 5’-terminal addition, a 3 nt 3’-terminal deletion, and a 5’ —
terminal 3 nt deletion.??

Node # Aptamer Sequence Reported

1 4 GGGAAUGGAUCCACAUCUACGAAUUCAUCAGGGCUAAAGAGUGCAGAGUUACUUAGUUCACUGCAGACUUGACGAAGCUU

2A 4 GGGAATGGATCCACATCTACGAATTCATCAGGGCTAAAGAGTSCAGACTTACTTAGTTCACTGCAGACTTGACGAAGETT

2B 20 GEEAATGEATCCACATCTACGAATTCATCAGGGCTAAAGAGTGCAGAGTTACTTAGET PSCAGACTTGACGAAGETT

2C 1 GGGAAUGGAUCCACAUCUACGAAUUCAUCAGGGCUAAAGAGTGCAGAGUUACUUAGUUCACUGCAGACUUGACGAAGCUU

2D 1 GGGAAUGGAUCCACAUCUACGAABHECAUCAGGGCUAAAGAGUGCAGAGUUACUUAGUUCACUGCAGACUUGACGAAGCUU

3A 25 TGGAT TCTACCAATTCATCAGGGCTAAAGAGTGCAGAGTTACTTAGTET Tu GACTTGACGAAGETT

3B 1 CECAATGCATCEACATCTACGAATTCATCAGGGCTAAAGAGTGCAGAGTTACTTAGGGGCGCE TGCAGACTTGACGAAGETT
3C 1 GGGMGGA%C—C—AGCAGTGTATC%AGGAATTCATCAGGGCTAAAGAGTGAAGAGTTACT%AG%GA%GGAGA%GA@GA%G%
4A 1 TGGAT TCTACGAATT TTTTTTATCAGGGCTAAAGAGT GCAGASTTACTTAGTTCACTGCAGACTTGACGAAGETT
0 2 No sequence in text or supplement

Table 1. Unexplained sequence alterations introduced to the Clone 1 anti-lysosome RNA aptamer.® Unexplained insertions are
bolded, unexplained substitutions are bolded and underlined, unexplained deletions are struck out and justified or explained
alterations are in light grey. The number (#) column indicates the number of publications found reporting each sequence in our analysis


https://doi.org/10.1101/2021.11.02.466945

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.02.466945; this version posted November 4, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Finally, the 4A sequence (Figure 1) again builds off of the
deletion of 5’ and 3’ primer regions described in node 3A and
adds a well-described 6 nt polyT linker and thiol modification
at the 5 end for conjugation to silica particles, but also
includes an unexplained additional 13 nt 3’ deletion.?

Notably, in some cases, the designation of “adequately
described” was debatable and thus up to our discernment.
For example, Truong et al.?* call their Cox anti-lysozyme
aptamer the “5’ thiol modified DNA template of lysozyme
RNA aptamer,” referencing Cox et al. (2001)® and Kirby et al.
(2004)*2, but do not provide a rationale for the use of the
DNA template rather than the selected RNA aptamer.
Therefore, we categorized it as inadequately explained use
of the DNA variant. The complete raw data for our
classifications has been included (Supplement 2 Raw Data
Drive) in an effort to increase the transparency of our
findings.

Surprisingly, in all the reviewed publications, there were only
4 papers of the 61 reviewed that reported the correct anti-
lysozyme aptamer, Clone 1 sequence and/or adequately
explained sequence alterations. Of those that contained
unexplained sequence alterations, 87% reported a DNA
variant, 91% contained a deletion, 3% contained a
substitution, 3% contained an insertion, and 3% failed to
include sequence information in the manuscript or
supplement. The original error in the interpretation of the
anti-lysozyme aptamer sequence, Clone 1 was propagated in
silico through multiple generations of researchers (Figure 1).

The question thus becomes not only why so many
researchers misinterpreted the primary source of
information, but also how the derivatives themselves work
as reported? The answer is two-fold: first, hen egg-white
lysozyme was originally chosen as a target for selection in
part because it is extremely basic (pl = 11.35), and thus was
very likely to yield high-affinity aptamers. But second,
precisely because polyanions will bind oligocations, the DNA
aptamer may still bind lysozyme. In an illuminating study,
Potty et al.* examined the binding properties of both the RNA
aptamer and DNA of anti-lysozyme aptamer Clone 3 (an
entirely different aptamer sequence than the Clone 1
sequence that is generally used). These authors found the
DNA variant bound non-specifically to lysozyme through
electrostatic interactions.*

This further raises the question of what constitutes specific
binding. In general, aptamer studies should contain non-
cognate binding experiments, in which variants of the
aptamers (mutant or scrambled) are shown not to bind to the
selection target, and the selected aptamer is shown not to
bind to targets other than the selection target. Such studies
are rarely carried out.

Overall, only 4 of the 61 examined RNA anti-lysozyme Clone
1 aptamer sequences recorded were correct or had

modifications that were adequately explained. As we have
previously suggested?, the lack of detail and level of apparent
error in the reporting of aptamer experiments in general
requires a reckoning in the field as a whole. To this end, we
broadly sampled the aptamer literature to describe apparent
sequence error in the field.

Description of Error in the Field of Aptamer Research.

Based on the extensive set of unexplained aptamer sequence
alterations that were found in literature citing the anti-
lysozyme aptamer®, we hypothesized that the incorrect
reporting of aptamer sequences could be a more pervasive
problem, potentially due to the rapid expansion of research
into aptasensors®, and the lack of standardized guidelines for
aptamer reporting.>® While a full review of the 135,000+
“aptamer” papers on Google Scholar was not feasible, a
review of aptamers against the ten most used targets® was
carried out. This review systematically sampled a broad
swath of the aptamer literature, spanning years, researchers,
labs, and locations.

Similar to the analysis of the Cox anti-lysozyme binding
aptamer literature, we first identified an originating aptamer
and then examined the literature citing the sequence of this
originating aptamer. In cases where multiple clones selected
in a paper were used in the literature, all clones were
examined as “root” aptamers (23 in all). Unexplained
sequence alterations were again categorized, and
phylogenies constructed. In all, 800 publications from 23
originating/root aptamers were reviewed using this
standardized sampling methodology (Table S3, Figures 1-10).
The 23 phylogenies were also grouped based on an
originating publication (e.g., three different anti-PDGF
aptamer clones from Green and Jellinek, et al. (1996)?° are
grouped in Figure S4).

Overall, only 56% of the 800 publications reviewed correctly
reported the aptamer sequence(s), while 44% (355 papers
containing 362 altered sequences) contained one or more in
silico sequences that were categorized as unexplained. We
identified 137 novel sequences that according to our criteria
were not adequately explained (Table S4, Supplement 1,
Supplement 2 Raw Data). Some (38%) of these 137
sequences identified in 362 considered altered sequences
contained deletions, 23% contained insertions, 16%
contained 5’ or 3’ modifications, 12% did not provide the
sequence at all, 8% contained substitutions, and less than 5%
contained sequence attribution errors (i.e., boxing the
incorrect aptamer sequence, etc.), inversions, the
complementary sequence, or an entirely different sequence
(Figure 2). Anti-VEGF aptamers were a notable outlier in
these analyses because we did not find altered sequences,
explained or not, using our methods. Instead, we provide a
figure describing all novel VEGF aptamer sequences
described and indicate papers that did not provide sequence
information (Figure S3).
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A. Distribution of Unexplained Sequence Alterations
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Figure 2. Distribution of Field-wide Unexplained Sequence Alterations. A. The breakdown of all publications examined (n =
800 publications, 169 excluded, 23 phylogenies grouped by 11 root publications) B. The distributions of phylogenies that
contained greater than the median of 40% internal sequence alteration (5 phylogenies: Cox lysozyme, Tran lysozyme, ATP,
PDGF BB, cocaine). C. The distribution of phylogenies that contained less than or equal to the median of 40% internal error (6
phylogenies: nucleolin, IgE, theophylline, VEGF, ochratoxin A, thrombin). The percentage of unexplained sequence alterations
within each phylogeny can be found in Table S3.
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To further categorize the types of apparent in silico errors
that are perpetuated in the literature, we used a “median
split” to divide the dataset into two groups: “low”/few
apparent errors and “high”/more apparent errors.262” The
median percentage of unexplained sequence alterations
within each phylogeny was 40%, and this value was used for
the division into groups (Table S2, see also Supplement 2
Raw Data), (Figure 2B and 2C). There was a larger
contribution of deletions (47%) and insertions (29%) in the
high-level of unexplained sequence alteration group relative
to the low-level of unexplained sequence alteration group,
which had 18% deletions and 8% insertions (Figure 2B and
2C). In contrast, the low-level unexplained sequence
alteration group contained a higher contribution of
unexplained 5’/3’ modifications (29%) compared to the high
sequence alteration group (10%). This observation generally
suggests that deletions and insertions lead to subsequent
reporting errors in the literature, while 5’/3’ modifications
that may have unique, researcher-specific purpose do not.
Since the deletions/insertion errors are most likely copy-edit
errors, particularly where sequences could not be copied
digitally from a figure or secondary structure directly, we
believe the inclusion of a text file in manuscripts that
contains relevant information for experimental replication
will help ameliorate copy-edit errors.

CONCLUSIONS.

Our review of 800 publications reveals widespread
sequence alterations that are poorly explained or
unjustified in reported sequences (44%). This observed
systemic lack of sequence fidelity, while not exhaustive,
buttresses the conclusions of Yan and Levy? that aptamers
have been unreliable as reagents. The reasons underlying
the large apparent error rates we report here can only be
speculated on, but likely include the relative ease of
creating aptamers based on literature reports alone, the
rapid expansion of aptamer research, the rapid increase in
application-based publications® and a lack of adherence to
coherent publication guidelines.?® Further, once
unexplained sequence alterations propagate in the
literature these may dilute the citation of accurate
sequences, making it more difficult to discern the original,
correct sequence.

Echoing previous work?%®%, we assert that there is an urgent
need both for the collaborative construction of evidence-
based publication guidelines and standardized
documentation of aptamer sequence use in the literature
(e.g., similar to CiteAb.com). Standardized sequence
reporting could be modelled after Nature’s “Life Science
Reporting Summary” and Cell's “STAR Methods,” which
create standardized templates for detailed descriptions of
Experimental Design, Statistical Tests, and Materials and

Reagents. At a minimum, we suggest that three categories of
information should be required in aptamer publications:
complete sequence and secondary structure information
(i.e., mFOLD), including consistent sequence identifiers;
detailed descriptions of binding and experimental
conditions; and extensive use of negative and positive
controls, for both aptamers and targets. As Yan and Levy?
suggest, we also support validation practices such as using an
environment that is similar to the downstream application,
limited incubation times and using blocking reagents to
minimize nonspecific binding to targets, and multiple
validations, ideally by different researchers.

In the future, collaborative evidence-based aptamer
publication and validation guidelines should be encouraged
by journals, including a checklist for the peer review process.
Ultimately, we believe that the standardization of aptamer
publication guidelines and increased availability of raw data
will lead to a more open, nuanced discussion of the data
presented, fewer wasted resources, and greater success in
the translation of aptamer research to the clinic and industry.
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A. Phylogeny Organization of Unexplained Anti- C. Suspected Source of Node 2B: Table 1 Reporting of Clone 118
Lysozyme Aptamer Sequence Alterations

sequences

n clone 1 5’GGGAATGGATCCACATCTACGAATTCATCAGGGCTAAAGAG
— TGCAGAGTTACTTAGTTCACTGCAGACTTGACGAAGCTT
6% 3A 4A clone 2 5'GGGAATGGATCCACATCTACGAATTCGGTGATCATGGCAGT
40% 2% GTACGCGGGCGGACATTCACTGCAGACTTGACGAAGCTT
clone 3 5'GGGAATGGATCCACATCTACGAATTCGGTTGTGAAGATTGG
28 38 GAGCGTCGTGGCTACTTCACTGCAGACTTGACGAAGCTT
— — o clone 4 5'GGGAATGGATCCACATCTACGAATTCGTAAATCGTCGACAG
35% 2% GAATTGGCGGGCCGGTTCACTGCAGACTTGACGAAGCTT
1 ac clone 5 5'GGGAATGGATCCACATCTACGAATTCGAATTGCGACAGTCG
6% o GGACATGTCGCGAGGTTCACTGCAGACTTGACGAAGCTT
2¢ clone 6 5'GGGAATGGATCCACATCTACGAATTCGGAATGAGTGCCCTG
2% CAAGCGAGGGCTAGCTTCACTGCAGACTTGACGAAGCTT
clone E 5'GGGAAUGGAUCCACAUCUACGAAUUCGGAACCCGCUAGGA
GUGAAACGGGGCGUGCUUCACUGCAGACUUGACGAAGCUU
clone J 5'GGGAAUGGAUCCACAUCUACGAAUUCGUUGGAGAAUAUUA
2 GCGCUACAGAACAGGUUCACUGCAGACUUGACGAAGCUU
2% clone M 5’GGGAAUGGAUCCACAUCUACGAAUUCGGAAAUUGGGGUUA
UUGUUGCAACGGACGGUUCACUGCAGACUUGACGAAGCUU
B. Suspected Source of Node 3A: Figure 3 D. Distribution of Unexplained Anti-Lysozyme Sequence Alterations
Reporting of Clone 18
Insertion No sequence

Clone 1. ATCAGGGCTAAAGAGTGCAGAGTTACTTAG 3%

20/33 clones = 61% of sequences _~~ Provided

3%

Clone 2. GGTGATCATGGCAGTGTACGCGGGCGGACA Substitution_—_g
4/33 clones = 12% of seq 3%
Clone 3. GGTTGTGAAGATTGGGAGCGTCGTGGCTAC
3/33 clones = 9% of seq
Clone 4. GTAAATCGTCGACAGGAATTGGCGGGCCGG
3/33 cl = 9% of seq
Clone 5. GAATTGCGACAGTCGGGACATGTCGCGAGG
2/33 clones = 6% of seq
Clone 6. GGAATGAGTGCCCTGCAAGCGAGGGCTAGC

1/33 ¢l =3% of
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A. Distribution of Unexplained Sequence Alterations
1 7
02% 1% 4

[/ 1%

Publications
without
Unexplained
Sequence
Alterations
445 (56%)

Publications without -
Unexplained
Sequence Alterations

49 (18%)

Publications with
. Unexplained Sequence
Alterations
124 (24%)

Publications without S
Unexplained Sequence
Alterations
396 (76%)

. Deletion

Insertion

. Substitution

. No Sequence
Provided

. Inversion

. Unexplained 5
or 3" modification

. Partial Inversion

. Sequence

Attribution Error
. Use a known

different sequence

. Complimentary
Sequence
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Node # Aptamer Sequence Reported

1 4 GGGAAUGGAUCCACAUCUACGAAUUCAUCAGGGCUAAAGAGUGCAGAGUUACUUAGUUCACUGCAGACUUGACGAAGCUU

2A 4 GGGAATGGATCCACATCTACGAATTCATCAGGGCTAAAGAGTGCAGAGTTACTTAGTTCACTGCAGACTTGACGAAGETT

2B 20 GCEAATGEGATCCACATCTACGAATTCATCAGGGCTAAAGAGTGCAGAGTTACTTAGTFCACTGCAGACTTGACGAAGETT

2C 1 GGGAAUGGAUCCACAUCUACGAAUUCAUCAGGGCUAAAGAGTGCAGAGUUACUUAGUUCACUGCAGACUUGACGAAGCUU

2D 1 GGGAAUGGAUCCACAUCUACGAAUUEAUCAGGGCUAAAGAGUGCAGAGUUACUUAGUUCACUGCAGACUUGACGAAGCUU

3A 25 GCCAATCCATCCACATCTACCAATPCATCAGGGCTAAAGAGTGCAGAGTTACTTAGETCACTGECAGACTTGACGARAGETT

3B 1 GCEAATGEGATCCACATCTACGAATTCATCAGGGCTAAAGAGTGCAGAGTTACTTAGGGGCGCTTCACTGCAGACTTCGACGAAGETT
3C 1 GEEAATGEGATCECACCAGTGTATCTACGAATTCATCAGGGCTAAAGAGTGAAGAGT TACTFAGCTFCACTCCAGACTTCACCAAGETT
4A 1 GGGAATCGATCCACATCTACGAATTE TTTTTTATCAGGGCTAAAGAGTGCAGAGTTACTTAGCTTCACTCCAGACTEGACCAAGETT
0 2 No sequence in text or supplement
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