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Abstract

There have been a number of high-profile cases of retraction involving papers

reporting important breakthroughs subsequently found to be irreproducible. In
cases such as that of the ‘Arsenic-life’ bacteria, the papers have no identified major
factual errors or associated scientific misconduct, and it is debatable whether edito-
rial retraction is justified. I contend that retractions, based solely on irreproducibility,
would be appropriate in principle. This is because interpretive errors have occurred
at the very least, and these errors owe largely to inadequate or erroneous data/find-
ings generated by the authors themselves. The literature should thus be corrected to

maintain validity and accuracy.
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Editorial retraction based on irreproducibility

Introduction

Retractions of scientific or research publica-
tions are steadily on the rise.’? The major
cause of retraction is usually due to some
form of research misconduct,?* while a
smaller percentage is due to honest errors
identified post-publication, or various admin-
istrative mistakes.>¢ Despite the unmistak-
able benefit for science and its community,
paper retraction remains very much stig-
matized and could have devastating impacts
on one’s track record and career advance-
ment.” Retractions are thus often contentious
from the authors’ perspective, particularly
those initiated by editors and not authors

themselves.

When should a published paper in the natural
sciences with primary data be editorially
retracted? The Committee on Publication
Ethics (COPE) has clear guidelines?® in this
regard; identifiable major errors leading to

a loss of validity (or the confidence in such
validity) and/or scientific misconduct associ-
ated with an article should lead to retraction.
Even if authors refuse, it would generally be
rather agreeable for the editors to proceed

with editorial retraction.

However, if there are no identifiable major
data or factual errors, or scientific miscon-
duct, would an editorial retraction based
solely on editors’ loss of confidence in the
results/conclusions due to irreproducibility
by others be appropriate or justified? I discuss
this issue in the sections below with reference
to the recently retracted ‘arsenic-life’ bacteria
paper.® I conclude that editorial retraction is

appropriate when interpretive errors have
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been made on the part of the authors, and
such editorial retractions would be in line

with epistemic and social justice.

Case of the ‘Arsenic-life’
bacteria (GFAJ-1)

Recently, the journal Science issued a retrac-
tion for a paper that first appeared online in
2010°, which reported the discovery of an
extremophile (named GFAJ-1) from Mono
Lake, California, that can substitute arsenic
for phosphorus to sustain its growth, and that
arsenic can act as a constituent of its nucleic
acid content. Such a finding, if true, would
have profound implications on the under-
standing of life on Earth and elsewhere.’® The
paper immediately elicited active discus-
sions within the community, many of which
expressed doubts and criticisms. When the
GFAJ-1 paper was eventually published in
print a year later, it was accompanied by
eight commentaries, largely questioning or
denouncing the findings. In the following
year, Science published two papers reporting
failures to reproduce the original findings on
GFAJ-1 with the bacterial strain supplied by
the original authors. These papers showed
instead that while GFAJ-1 is arsenic-resistant,
it is nonetheless very much phosphate-
dependent, and that arsenic is not found to
be covalently incorporated into GFAJ-1 DNA.
The original authors have not published any
rebuttals with new data, nor were there any
reports of misconduct findings. Over the
years, there have been calls for the GFAJ-1
paper to be retracted, and Science eventually

issued a retraction in July 2025.
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Other than one deceased author, all authors
disagreed with the retraction, as expressed
in an e-letter accompanying the retraction

notice (https://www.science.org/doi/10.1126/

science.adu5488). The letter makes several

notable points:

1) Point 1: The authors ‘.. stand by the
data as reported. These data were
peer-reviewed, openly debated in the
literature, and stimulated productive
research’.

2) Point 2: The authors asserted that ‘no
misconduct or error is alleged’. They
asserted that the retraction thus repre-
sents a major shift from the standards
the journal Science has adhered to in
the past, which was the COPE guideline
stipulated as the second point earlier,
indicating that retraction might be war-
ranted if there was misconduct.

8) Point 3: The authors criticized Science
editor’s ‘expanded standard’ for retrac-
tion. They wrote: ‘Disputes about the
conclusions of papers, including how
well they are supported by the avail-
able evidence, are a normal part of the
process of science ... Claims should be
made, tested, challenged, and ulti-
mately judged on the scientific merits

by the scientific community itself’.

The authors’ objections to the retraction of
the GFAJ-1 paper are notable because these
exemplify the kind of objections that could
be raised against editorial retraction of any
paper whose main results are irreproducible
but have otherwise no obvious factual errors

or associated misconduct allegations. These
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objections are thus further scrutinized in the

following section.

Do the objections against
retraction have any merit?

Interpretation error(s) owing to authors’ own
data/findings

On Point 1 in the section above, ‘standing

by the data’ is avowed by all authors at the
time of manuscript submission, as per the
‘International Committee of Medical Journal
Editors’ ICMJE) fourth authorship criterion
(‘Agreement to be accountable for all aspects
of the work in ensuring that questions related
to the accuracy or integrity of any part of

the work are appropriately investigated and
resolved’,"' which the authors of the GFAJ-1
paper have reiterated. This is not inaccurate
in view of a lack of factual errors and mis-
conduct allegations/findings. However, the
authors have indeed made errors of interpre-
tation, and more importantly, these errors are

due to the data/findings of their own making.

In highlighting that the ‘data were peer-
reviewed, openly debated in the literature,
and stimulated productive research’? the
authors appear to suggest that these are of
merit as they have remained untainted by
misconduct. Had the authors based their
interpretations on an invariant natural phe-
nomenon subjected to plurality in inter-
pretation, this might have been acceptable.
However, the authors’ interpretation was
based on data/findings generated by labora-
tory experiments, and as such a notion would

be flawed. The debate and research ensuing
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the publication of the GFAJ-1 paper are tedi-
ous and arguably wasteful efforts that, while
necessary, did not bring the field forward.
Most importantly, the authors had placed the
onus on others to reproduce their data, and
when these were not reproducible, they did
not apparently make further verification of
their own either in support or in rebuttal. This
is not in line with the notion of accountability

in ICMJE’s fourth authorship criteria.

Even when no obvious factual errors, such as
those in terms of data presented, calculations
made, and images analyzed for the GFAJ-1
paper were alleged, it does not mean that

the work and paper are error-free. From the
replication efforts by others, two critical issues
became clear. The first is that trace amounts
of phosphate in the culture media used by
the authors could have supported GFAJ-1
growth in arsenic, and secondly, that nucleic
acid spectral analyses were likely made with
insufficiently purified DNA. These inadequa-
cies would have contributed to growth and
DNA content data that, while appearing to be
true at the point in time, misled the authors’
interpretation. Such interpretational errors
could have been prevented with better quality
analyses or stringent replication (including
analyses by others) before publication. In
other words, the authors have been misled by
their own inadequate or erroneous data/find-
ings. Even when it was not recognized at the
time of writing, the authors could have and
should have replicated their experiments, tak-
ing into consideration the well-known caveats
presented by others and publicized the
outcome of these attempts. Without checking
for themselves if the others were correct, the
authors have no proper foothold to remain

standing by their original data. This latter
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point is exemplified by the recent retraction
of another high-profile study on functional
MRI direct imaging of neuronal activity
(DIANA).” The authors retracted their paper,
whose results were irreproducible by others,
when their own replication work uncovered a
confounding issue with instrument-generated
signal interference, and documented this

replication work in a preprint.’®

On point (2), whether the journal Science

had really expanded the standard of retrac-
tion beyond COPE guidelines, as alleged by
the authors, is somewhat questionable. Most
guidelines could be subjected to differential
and rhetorical interpretation. In fact, the
clause ‘Editors can decide to retract a publica-
tion if they no longer have confidence in the
results and conclusions reported in the paper’
precedes the clause on major errors and mis-
conduct. Given the extensive counterevidence
against the original findings and a lack of any
further supporting evidence from the authors
over the many intervening years, there could
hardly be any confidence left in the results
and conclusions reported in the GFAJ-1 paper.
In this regard, an editorial retraction would
be quite in accordance with COPE guidelines,
if the latter is to be strictly followed. Thus, a
lack of major error or misconduct does not
preclude a retraction, and for a paper whose
main conclusions have been almost unani-
mously shown to be untenable by others, a
loss of confidence amounting to retraction
would indeed be a guideline-adhering cause

of action.

Plurality, local under-determinism and
falsification
To what degree would a loss of editorial con-

fidence justify retraction? This is a non-trivial
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question, as for any drastic action like this
there could always be a suspicion of subjec-
tivity, if not bias. After all, the field of Earth
Science or Geosciences is characterized by
explanatory pluralism."* As pointed out by

de Regt and colleagues, °.. earth-scientific
explanations are typically hampered by local
underdetermination by the data to such an
extent that complete causal explanations are
impossible in practice, if not in principle’.’s
Many phenomena or observations in pale-
ontology or geobiology could be subjected to
different interpretations, and there is often
no way of determining which is correct, or
closer to ground truth, given the deep histori-
cal nature of the records. Thus, short of clear
evidence for data falsification or fabrication,
retraction of papers with no factual error
with an unpopular or minority interpretation

would be unjustifiable.

However, the GFAJ-1 findings, unlike some
other findings, are more deterministic
because, despite its original residence in an
extreme habitat, the bacterium is nonethe-
less an extant, culturable microorganism. In
other words, laboratory manipulations and
investigations to validate or falsify hypotheses
are possible. The replication efforts by other
groups have done precisely that—falsifica-
tion of the key hypothesis or conclusion that
GFAJ-1 could survive on arsenic because it
can use the latter instead of phosphorus in

its genetic material. The authors’ original
interpretation has been unequivocally proven
wrong. Thus, if the main conclusion from a
paper is shown by others to be falsified in the
Popperian'® sense, editorial retraction would

be justified.

Retraction justice — epistemic and social
On point (3), the authors are correct in

principle when asserting that disputes are a
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normal part of the process of science, and
that scientific claims should be allowed to

be made, challenged, and with their mer-

its ultimately judged based on community
consensus. To prevent a scientific finding or
claim from progressing along this supposed
normal path would amount to a form of
epistemic oppression” that would be decid-
edly unjust and unacceptable as a normative
practice of science. Although not explicated
by the authors in their letter, a prominent
example of how scientific findings, doubt-
ful as these may be, could have benefited the
field overall is the much earlier claim of signs
of fossilized nanobacteria in ALH84001,'8 an
asteroid of Martian origin. After the disap-
pointing life-detection results of the Viking
landers, the highly disputed ALH84001
findings (but never conclusively falsified) had
nonetheless prompted a new era of intensive
Mars exploration by the US under the Clinton

administration.

However, the caveat here is that while a
retraction could label a scientific claim or
finding as discredited, it does not on its own
impede the latter’s progression along the
path of being further challenged, supported,
or judged based on merit. Here, it should

be noted that discrediting a finding or claim
should not be conflated with the destructive
abolishment of the underlying knowledge
foundation. The fact that retracted papers
continue to be cited**notwithstanding, there
is no reason to believe that key ideas, hypoth-
eses, or conjectures underlying retracted
papers, no matter how controversial, would
be effectively or perpetually suppressed

by a retraction. All it takes is for credible

new evidence that stands up to scrutiny to
emerge, and the whole cycle of challenge,
verification, and judgement repeats itself. For

example, the seemingly discredited notion of
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Lamarck’s acquired trait inheritance is now
revived by advances in our understanding of
epigenetics and shown to be true at least in

some animal models.?!

It is thus important to note that the idea or
hypothesis underlying the GFAJ-1 paper,
namely that there might exist a ‘shadow’
biosphere or alternative lifeforms based

on a distinctively different biochemistry

in certain remote ecological niches on the
planet, remains unfalsified. What is falsified
is the notion that GFAJ-1 is one such alter-
native life form. The same reasoning could
be applied to the retraction of the DIANA
work. That fMRI could potentially directly
detect neuronal activity, or an elusive DIANA
signal (other than the well-recognized signals
based on hemodynamics and oxygen levels),
remains a possibility. What is falsified is that
the reported finding represents true DIANA
signals. Epistemic justice would be well served
by being clear about what exactly is discred-

ited or falsified and what isn’t.

The primary reason for retracting discredited
work is to correct the scientific literature, a
collection of knowledge in its varied formats
shared by all. Failure to correct the literature
of faulty or untrustworthy records would
not only be an epistemic injustice, but also
arguably a form of social injustice.?? While

a retracted paper remains archived, retrac-
tion does reduce references and citations to
a paper and would thus reduce attempts to
repeat the discredited work or the further
pursuit of flawed lines of research. Scarce
research resources could thus be better dis-
tributed and channeled towards more prom-

ising works or research directions. Failing to
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retract when a retraction is warranted would
be a disservice to not only the scientific com-
munity, but also to the tax-paying public who

support the scientific enterprise.

Suggestions for a way forward

In examining the ‘Arsenic-life’ case,” editorial
retraction based solely on irreproducibility
of reported results is appropriate because
interpretive errors have occurred, and cor-
rection of the literature would be in line with
both epistemic and social justice. However,

it is conceivable that there shall continue to
be disgruntled authors arguing against such
retractions. A standardized process whereby
any such standoffs between authors and edi-

tors could be minimized is needed.

It is important and likely widely agreeable
that science should be allowed to take its
course. Therefore, when claims and findings
are shown to be irreproducible by others,
authors should take the responsibility to
respond, and such responses could be coordi-
nated by the editor. It would be important for
the authors to replicate their own findings or
work jointly with other parties in the replica-
tion efforts. This would mean, at first instance,
for the original authors to make available pri-
mary data and reagents to legitimate parties
that partake in the replication work. Should
the replication results falsify the original
claims and findings, the authors should then
initiate the retraction. The blow of having
their original work falsified and retracted
could be softened by their joint authorship
on the replication paper, for which the editor

could coordinate peer review and its eventual
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publication. Of course, a root cause for irre-
producibility is ‘fast science’ prompted by the
publish-or-perish mindset. A more systemic
solution to irreproducibility would be to
prioritize careful replication of findings and
to emphasize rigor over speed in academic

publishing.

If the authors remain unresponsive or
non-cooperative, editorial retraction should
then follow, but only after the results of

the replication attempts have been shared
and published (at least as preprints) and the
authors are allowed a final opportunity for
rebuttal. Editorial retraction could carry pen-
alties or sanctions, such as barring submission
to the journal by the corresponding authors
of a retracted paper for a specified period.
This operational framework could be eas-

ily worked into any journal policy. On the
other hand, editorial retractions based solely
on irreproducibility should be transparently
grounded in both scientific and procedural
rigor, with each retraction carefully deliber-

ated upon and thoroughly justified.

References

1. Shen Q, Gao X, Xiong X. A data mining-based
study on academic publication retractions in the
21st Century. Account Res. 2026;33(83):2528064.
[CrossRef]

2. Van Noorden R. More than 10,000 research
papers were retracted in 2023 - a new record.
Nature. 2023;624(7992):479-481. [CrossRef]

8. Fang FC, Steen RG, Casadevall A. Misconduct
accounts for the majority of retracted scientific
publications. Proc Natl Acad Sci U S A.
2012;109(42):17028-17033. [CrossRef]

4. Yessirkepov M, Togaibekova Z, Kocyigit BF,
Akyol A. Amount, cause, and citation frequency of

retracted nursing publications from 1997 to 2024 in

Tang. / doi.org/10.3897/ese.2026.190375

PubMed: a bibliometric study. Sci Edit.
2025;12(2):109-113. [CrossRef]

5. Xu SB, Hu G. A cross-disciplinary and severity-
based study of author-related reasons for retraction.
Account Res. 2022;29(8):512-536. [CrossRef]

6. Xu S, Hu G. Non-author entities accountable for
retractions: A diachronic and cross-disciplinary
exploration of reasons for retraction. Learn Publ.
2022;35(2):261-270. [CrossRef]

7. Memon SA, Makovi K, AlShebli B. Characterizing
the effect of retractions on publishing careers. Nat
Hum Behav. 2025;9(6):1134-1146. [CrossRef]

8. Committee on Publication Ethics. Retraction
guidelines [Internet]; 2025. Committee on Publica-
tion Ethics. Available at: https:/publicationethic
s.org/guidance/guideline/retraction-guidelines.
Accessed 2026 January 10.

9. Thorp HH. Retraction. Science.
2025;389(6758):357. [CrossRef]

10. Conover E. 'Shadow biosphere' might be hiding
strange life right under our noses. Science. 2015.
[CrossRef]

11. International Committee of Medical Journal Edi-
tors. Defining the role of authors and contributors.
International Committee of Medical Journal Edi-

tors; 2025. Available at: https:/www.icmje.org/re

commendations/browse/roles-and-responsibilities/

defining-the-role-of-authors-and-contributors.ht
ml#two. Accessed 2026 January 10.

12. Toi PT, Jang HJ, Min K, et al. Retraction. Science.
2025;389(6767):1300. [CrossRef]

18. Keum JY, Park S, Chun H, Kim D, Park JY.
Update on the reproduction and interpretation of
Diana fMRI. bioRxiv. 2025;2025.08.81.673005.
[CrossRef]

14. Grantham TA. Explanatory pluralism in paleobi-
ology. Philos Sci. 1999;66(suppl 3):S223-S236.
[CrossRef]

15. De Regt HW, Buskes CJJ, Kleinhans MG. Phi-
losophy of Earth Science (updated). In: Allhoff F, ed.

Page8/9


https://dx.doi.org/10.1080/08989621.2025.2528064
https://dx.doi.org/10.1038/d41586-023-03974-8
https://dx.doi.org/10.1073/pnas.1212247109
https://dx.doi.org/10.6087/kcse.368
https://dx.doi.org/10.1080/08989621.2021.1952870
https://dx.doi.org/10.1002/leap.1445
https://dx.doi.org/10.1038/s41562-025-02154-0
https://publicationethics.org/guidance/guideline/retraction-guidelines
https://publicationethics.org/guidance/guideline/retraction-guidelines
https://dx.doi.org/10.1126/science.adu5488
https://dx.doi.org/10.1126/science.aaa7865
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html#two
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html#two
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html#two
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html#two
https://dx.doi.org/10.1126/science.aec1773
https://dx.doi.org/10.1101/2025.08.31.673005
https://dx.doi.org/10.1086/392727

Editorial retraction based on irreproducibility

Philosophies of the Sciences: A Guide. Wiley-Blackwell;
2015:213-236.
16. Karl Popper TS. Stanford Encycl Philos. 2023.

Available at: https:/plato.stanford.edu/archives/

win2028/entries/popper/. Accessed 2026 January
10.

17. Dotson K. Conceptualizing epistemic oppression.
Soc Epistemol. 2014;28(2):115-138. [CrossRef]

18. McSween HY Jr. Evidence for life in a martian
meteorite? GSA Today : Publ Geol Soc Am.
1997;7(7):1-7.

19. Hsiao TK, Schneider J. Continued use of

retracted papers: temporal trends in citations and

(lack of) awareness of retractions shown in citation
contexts in biomedicine. Quant Sci Stud.
20292;2(4):1144-1169. [CrossRef]

20. Tang BL. Some insights into the factors influ-
encing continuous citation of retracted scientific
papers. Publications. 2023;11(4):47. [CrossRef]

21. Yin X, Anwar A, Yan L, et al. Paternal exercise
confers endurance capacity to offspring through
sperm microRNAs. Cell Metab. 2025;37(11):2167-2184.
e8. [CrossRef]

22. Wenzel M, Okimoto TG, Feather NT, Platow M].
Retributive and restorative justice. Law Hum Behav.

2008;32(5):375-389. [CrossRef]

IetlsY publications

ese

European Science Editing

European Science Editing is an official publication of EASE. It is an open access
peer-reviewed journal that publishes original research, review and commentary
on all aspects of scientific, scholarly editing and publishing.

https://ese.arphahub.com/
https://www.ease.org.uk
https://www.linkedin.com/company/easeeditors/
https://bsky.app/profile/easeeditors.bsky.social
https://www.facebook.com/EASEeditors/
https:/mstdn.science/ @EASE
https://www.instagram.com/easeeditors/
https://www.youtube.com/easeeditors

o,

ISSN 2518-3354

© 2026 the authors. This is an open access article distributed under
the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any

medium, provided the original author and source are credited.

Caleo

<garpha



https://plato.stanford.edu/archives/win2023/entries/popper/
https://plato.stanford.edu/archives/win2023/entries/popper/
https://dx.doi.org/10.1080/02691728.2013.782585
https://dx.doi.org/10.1162/qss_a_00155
https://dx.doi.org/10.3390/publications11040047
https://dx.doi.org/10.1016/j.cmet.2025.09.003
https://dx.doi.org/10.1007/s10979-007-9116-6

