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A MESSAGE TO  
TRANSLATIONAL RESEARCHERS
In 2013, we presented an overview of the state of the translational research community that included 
information on several topics, from the evolution of funding models to the need for interdisciplinary 
collaborations. Our 2014 Report delves deeper into reproducibility, an issue that surfaced in 2013 as a 
significant concern of survey respondents.

Our aim is to understand researchers’ attitudes and practices relating to experimental reproducibility. This 
information supplements existing discussions in the community about setting curricula and experimental 
standards that improve the reproducibility of translational research.

In this Second Annual State of Translational Research Survey, we once again collaborated with the American 
Association for the Advancement of Science (AAAS)/Science Translational Medicine and, new this year, the 
Academic Drug Discovery Consortium (ADDC). We collected the views of more than 300 self-described 
academic translational researchers, the majority at the post-doctoral level or higher. 

We observed a wide range of standards on issues relating to experimental design, quality control, and 
data validation methods. We also discovered a lack of awareness of seminal papers and key resources that 
highlight and combat irreproducibility challenges. This is a difficult issue to tackle because many of the 
causes are not immediately apparent.

As you read the report, you will see that there is an opportunity for influencers in the translational research 
community to come together to develop community-wide experimental standards and educational 
programs that address challenges of reproducible studies.

Sincerely,

Amanda Halford
Vice President 
Academic Research 
Sigma-Aldrich Corporation



EXECUTIVE SUMMARY
Translational researchers realize that experimental 
irreproducibility is a major challenge to the scientific 
community’s success. Experimental irreproducibility is 
a complex, pervasive problem that remains difficult to 
address at an individual level. Issues such as entrenched 
behaviors, lack of awareness of problematic practices, 
and the high associated economic cost of remedies 
whose utility is non-immediate or indirect complicate 
efforts to institute reform.

One challenge to addressing experimental 
irreproducibility is that the community has not widely 
set—or lacks data on how to set—policies for quality 

control in the lab and standards for data validation prior 
to publication. Structural incentives to enforce those 
practices are not consistently present, especially in terms 
of the availability of additional funding to perform the 
necessary validation to ensure reproducibility. However, 
in some aspects, the community has taken steps toward 
ensuring reproducibility.

The need for community-wide standards highlights the 
potential for a task force to produce easier-to-digest,  
interactive educational opportunities that close the 
knowledge gap necessary to implement better  
experimental practices.

Awareness of Irreproducibility as a Barrier to Success 

•   The lack of experimental reproducibility was described 
as a “major barrier to successful translational research” 
by 61% of respondents.

•   While only 22% of respondents were able to reproduce 
published work from other labs, 77% reported being 
able to reproduce their own lab’s published work.

•   Despite these difficulties, the majority of respondents 
(71%) had not read one of the three seminal papers on 
irreproducibility published by Begley and Ellis, Prinz et 
al., or Perrin. Of the respondents who read at least one 
of the papers, only about half indicated that doing so 
influenced the way they conducted experiments. 

•   However, researchers are working to improve the 
rigor of recent experiments. In the last year, the 
overwhelming majority (98%) of respondents 
reported performing more rigorous quality controls, 
increasing sample sizes, and ensuring thorough 
documentation. Fewer than one in six respondents 
enlisted another lab to reproduce their findings or  
had non-authors either validate primary data or 
review all replicates before manuscript submission.

KEY FINDINGS:
Perceived Contributors to Irreproducible Experiments

•   Respondents most frequently named the primary 
causes of irreproducible experiments to be poor 
controls, the rush to publish, insufficient sample sizes, 
and failure of the reproducing lab to understand or 
follow the published protocols.

•   The most frequently-cited product groups that cause 
issues with reproducibility were animal models, 
antibodies, and cell lines.

•   Scientific journals were expected by the majority 
(74%) to implement additional measures to ensure 
the reproducibility of published studies.

Practices That Contribute to Irreproducible Data

•   The majority of respondents did not validate reagents’ 
purity and identity before first use. The reagent class 
validated most often was antibodies (41%). The class 
validated least often was small RNAs (12%).

•   Animal studies often do not adhere to best practices. 
Fewer than half of respondents conducting animal 
studies reported carrying out simple, yet pivotal, 
procedures such as balancing genders or  
splitting littermates. 
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•   Cell culture practices offer opportunity for 
improvement. Fewer than one-third of respondents 
tested for Mycoplasma at the intervals recommended 
to preserve cell line and data integrity (monthly 
or more frequently). A sizeable proportion of 
respondents (21%) test only when they suspected 
contamination, which is not a reliable practice.  
A minority (7%) reported never having tested their  
cell cultures for Mycoplasma.

•   False results due to cell line misidentification may 
continue to propagate due to underuse of a key 
resource. The majority (53%) of respondents were 
unfamiliar with the ICLAC database of misidentified 
cell lines. Of those who were familiar with the 
database, only 11% have searched it in the last  
year for cell lines they use or have cited.

•   Common methods for recording and archival 
jeopardize data longevity and completeness.  
A minority (16%) of respondents reported using  
an electronic laboratory notebook (ELN) or laboratory 
information management system (LIMS) to store  
data, protocols, and inventory.

•   The majority of respondents do not always check to 
see if a publication has been retracted before citing  
it in a manuscript or using it as a foundation for  
their experiments.

Structural and Financial Challenges 

•   Specific guidelines and enforcement structures  
for experimental practices are not widespread.  
A minority (16%) of respondents reported that all 
of their grants required specific steps to be taken 
to ensure the reproducibility of published findings. 
Half of respondents reported that their institution 
set “explicit and stringent” guidelines for conducting 
translational research.

•   The term translational research has varied definitions, 
which complicates consensus building and consistent 
application of standards for the field. Twenty-nine 
percent of respondents did not categorize their research 
as “translational.” One-fifth (20%) of respondents instead 
indicated that basic research alone best described  
their work. 

•   Funding increased or remained the same for 61% of 
respondents, unchanged from last year.
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METHODOLOGY
AAAS/Science Magazine and Sigma-Aldrich conducted 
an anonymous online survey of a random sample 
of researchers who subscribe to Science Translational 
Medicine’s electronic table of contents (eToC) alerts and 
work at academic and non-profit research institutions. 
Also included in the survey was the membership of the 
Academic Drug Discovery Consortium. Lists were de-
duplicated by researcher name.

Respondents were solicited by an e-mail blast sent 
by AAAS/Science Magazine on Tuesday, July 15, 2014 
to a randomly selected group of 20,000 individuals, 
as previously described. An e-mail blast was also sent 
to the ADDC’s membership on Tuesday, July 22, 2014. 
A prize drawing for an Apple iPad* was offered as an 
incentive to participate in the survey.

Individuals were qualified to participate in the survey 
if they answered “yes” to the question: “Does your 
research contribute to the development of laboratory 
discoveries into clinical applications?”

During the six days that the survey was fielded,  
364 qualified individuals completed the full survey. 
Those 364 surveys serve as the basis for this report.  
The market researchers at HDM | Zoomedia tabulated 
and interpreted the data. The margin of error for the 
full set of data is approximately ± 5.0% at the 95% 
confidence level.

* Apple and iPad are trademarks of Apple Inc., registered in the U.S. and other countries.
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RESPONDENT DEMOGRAPHICS 
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1: AM I A TRANSLATIONAL RESEARCHER?
Q: Which best describes the type of research in which you are involved? (Check all that apply.)

Figure 1. Self-identified research areas. Gray bars indicate the total response for each type of research. Red bars indicate the number of unique responses for that type of research only.

Translational research is a term defined differently by 
many individuals and organizations.1, 2, 3 The scientists 
performing this class of research have also shifted 
significantly in the past decade. The demographic 
shift has been in response to increased investment in 
academic-industry partnerships4 and the establishment 
of specialized academic translational research centers in 
the United States5, United Kingdom6, and many other 
countries. Amid these changes, the lack of a single 
“translational research” definition has complicated efforts 
to set standards, access funding requirements, and 
include the necessary parties in community discussions. 

Similar to last year’s survey results, the majority of labs 
conducting translational research also perform studies 
that are non-translational in nature. Any guidance or 
standards for translational research must reflect the 
distinct challenge for academic laboratories to operate 
with multiple standards for documentation, quality 
control, and training.

Over the past decade, however, an increasing number 
of scientists in industry, funding organizations, 
and academia have recognized that “translational 
research”—and the ramifications associated with its 
accuracy—now begins much earlier.

1 Zerhouni, E.A., N. Engl. J. Med 353, 1621 (2005).
2 Woolf, S.H., JAMA 299, 211 (2008).
3 Rubio, D.M., Acad. Med. 85, 470 (2010).
4 Edelson, S. & Lou, K.J., SciBX 7, (2014).
5 Schubert, C., Nat. Med. 16, 612 (2010).
6 Travis K., Science 317, 966 (2007).
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2: FUNDING
Q: How has your funding for translational research changed in the past 12 months?
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Figure 2. Translational research funding status

For the biological sciences overall, the average size of 
an NIH grant is declining. The 2013 award size, when 
adjusted for inflation, is $17,000 less than the 1999 
average.1 At the same time, the application success rate 
is also decreasing. In 2013, the NIH received 49,581 grant 
applications and awarded 8,310. That 17% success rate is 
the lowest of data reported since 1995.2 While these NIH 
trends are primarily relevant to researchers in the United 
States, similar budgetary pressures at funding agencies 
in many other countries have created challenges for 
most scientists, regardless of their country of origin.

However, investigators conducting translational 
research enjoy access to exclusive private and public 
sector funding sources that, according to 63% of survey 
respondents last year, can improve the opportunities 
to fund a lab’s research programs. Indeed, optimism 
could be derived from the rapid rise in the number of 
private partnerships in the past decade, especially in 

the European Union.3 Similarly, governments world-
wide have provided significant additional resources. 
In the United States, for example, the NIH has invested 
hundreds of millions of dollars through the Clinical and 
Translational Science Awards. In 2014, it established the 
Accelerating Medicines Partnership, a $230 million cross-
sector initiative to accelerate target identification and 
validation in specific disease areas. 

That optimism may deserve some tempering, as 
respondents both this year and last year reported mixed 
financial outlooks. Only one-quarter of respondents 
in the last two years reported an increase in overall 
funding, matched by a similarly-sized group that 
reported a decrease in overall funding. The situation 
poses a challenge for labs for which the expectations 
of experimental rigor and scope are increasing, but the 
associated financial support to meet those expectations 
is not reliably available.

1 NIH Databook, “Research Project Grants: Average Size.”  http://report.nih.gov/NIHDatabook/Charts/Default.aspx?showm=Y&chartId=155&catId=2
2 NIH Databook, “Research Project Grants: Applications, Awards, and Success Rates.”  http://report.nih.gov/NIHDatabook/Charts/Default.
aspx?showm=Y&chartId=20&catId=2 
3 Edelson, S. & Lou, K.J., SciBX 7, (2014).
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3: IRREPRODUCIBILITY AS A BARRIER TO SUCCESS
Q: Do you consider lack of experimental reproducibility to be a major barrier to 
successful translational research?

Irreproducibility is widely considered a significant 
barrier to the successful translation of laboratory 
discoveries into the clinic. In this year’s survey, nearly 
two-thirds of respondents share this sentiment, echoing 
the community’s growing emphasis on addressing 
irreproducibility problems, the changing role of the 
academic in the development of novel therapeutics, 
and the decline in the productivity and budgets of 
pharmaceutical companies. 

In response to this, within the last year, the NIH 
announced several policies and training programs 
designed to enhance reproducibility.1 This year the 
Reproducibility Initiative, a mechanism and incentive 
program for the research community to independently 
reproduce findings, launched an antibody validation 
program. This program also received a $1.3M grant  
plus additional financial support from academic  
and commercial partners (including funds from  
Sigma-Aldrich) to validate 50 “landmark” cancer  
biology studies. 
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Yes 61%

26%

13%

Figure 3. Degree to which irreproducibility is perceived as a barrier to translational research success

1 Collins, F.S. & Tabak, L.A., Nature 505, 612 (2014).
2 http://validation.scienceexchange.com/#/
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4: JOURNALS’ ROLE IN IRREPRODUCIBILITY
Q: Do you believe scientific journals (e.g., Cell, Nature, PLoS ONE, or Science) have taken 
sufficient steps to ensure the reproducibility of published studies?

Scientific journals are primary gatekeepers to the 
dissemination of research. Their editorial and peer review 
processes are a key mechanism to prevent the publication 
of incomplete or potentially irreproducible results and 
to rapidly fix and disseminate corrections. There is room 
for increased vigilance, as nearly three-quarters of survey 
respondents did not believe (or were not sure) that 
journals take sufficient action to ensure reproducibility.

Consistent with this recommendation, several journals 
have developed reproducibility checklists that require 
authors to complete validation and documentation 
procedures in order to submit a manuscript. In 2014, the 
NIH and editors from more than 40 leading journals  
 

convened to further develop a draft guidance of journals’ 
responsibility for ensuring reproducibility.1

Instituting a double-blind peer review process to remove 
potential biases towards data or including retracted 
papers in impact factor calculations could be fruitful 
actions for the community. In addition, several publisher-
independent outlets also exist for scientists to submit 
post-publication questions and reviews of published 
papers.2

Figure 4. Sufficiency of actions by journals to ensure reproducibility
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1 http://chronicle.com/article/NIH-Presses-Journals-to-Focus/146951/
2 See PubPeer, PubMed Commons, and Open Review
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5: GRANT REQUIREMENTS AND INSTITUTIONAL POLICIES

Figure 5. Reproducibility requirements in grants and institutional policies for conducting translational research 
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Q: Do your grants require specific steps to be taken to ensure the reproduciblity of your 
published findings?
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Q: Does your institution set explicit and stringent policies for training, experimental conduct, 
data validation, and documentation for investigators conducting translational research?
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Irreproducibility is perceived as a bigger issue than one 
individual scientist, university, funding institution, or 
pharmaceutical company can overcome. Combating 
irreproducibility will require a concerted and community-
wide effort, but incremental changes from key 
organizations can make significant inroads.

While some grants may encourage repetition of 
experiments and similar acts to improve reproducibility, 
researchers are rarely required to prove that they have 
taken those steps. The majority (54%) of respondents 
either lacked or was unaware of requirements  
in their grants meant to ensure reproducibility.  
Such requirements, such as performing power 
calculations before the experiment, adding validation 
steps, or purchasing high-quality, well-defined reagents, 
all drain the time and resources of scientists already  
in the midst of an escalating competition for funds.  
We may posit that scientists have more of an incentive 
to ensure reproducibility if funding institutions  
required demonstration of certain best practices  
in monetary awards.

If grants do not require proof of reproducibility to 
obtain funding, perhaps institutions should set explicit 
guidelines for the conduct of translational research for 
the long-term benefit of their institution’s scientific 
programs. The majority (52%) of respondents lacked 
or were unaware of institutional policies or training 
regarding the best practices for translational research, 
including those for experimental requirements, data 
validation, and documentation.

Without clear requirements and expectations for 
experimental standards from funding agencies and 
research institutions—whether due to lack of policy, 
lack of enforcement, or poor communication—the 
community will not have the necessary support 
structures to address challenges to reproducible research. 
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6: REPRODUCING PUBLISHED WORK 

Q: In the last year, has your lab been able to reproduce your own lab’s published results? 

Figure 6. Ability to reproduce published findings

Q: In the last year, has your lab been able to reproduce published results from other labs?
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1 Mobley A., Linder, S.K., Braeuer, R., Ellis, L.M., & Zwelling, L., PLOS ONE, (2013);  
doi: 10.1371/journal.pone.0063221.

When respondents were asked if they had difficulty 
reproducing published results from their own labs 
versus other labs, significantly more respondents could 
reproduce work of their own lab opposed to the work of 
other labs. The explanations for this discrepancy could 
be simple, such as methods sections or exchanges 
with authors providing insufficient details regarding 
brands, batch or lot numbers of materials and reagents. 
Deeper issues may also contribute, such as bias, differing 
standards for success, or a deficiency in archiving and 
transferring knowledge. 

Some free responses cited animal and patient sample 
variability as a barrier to reproducing results. As is the 
nature of heterogeneity in biology, it is not possible to 
eliminate all variability in animal models and in humans. 
Is there then a certain degree of irreproducibility that 
should be accepted and anticipated? If so, what is the 
threshold for deeming a published result “reproducible?” 
Must the experiment yield similar or the same results?

Many of the free response explanations for “no”  
indicated the unknowns commonly faced in reproducing 
published work, such as not having the right equipment 
or a lack of clarity in published methods sections. It 
maybe that cutting-edge translational research, by 
its nature, has few or no precedents and, as such, few 
labs may have the necessary equipment or expertise 
to perform an emerging method. Perhaps this is why 
“not sure” represented a large proportion of the survey 
responses for success in reproducing other labs work. 

However, many explanations for the failure or lack 
of confidence in the efforts to reproduce published 
results may be due to problems with the accuracy 
and transparency of published data and methods. In a 
survey of faculty and trainees at MD Anderson Cancer 
Center, approximately half reported at least one instance 
of an inability to reproduce published data. Of those 
who had difficulties and contacted the original study’s 
authors, fewer than one-third reported resolving the 
discrepancies between results.1 

Efforts to encourage greater detail in methods sections 
of publications are numerous. Nature and Science, for 
example, have eliminated length restrictions in their 
methods sections. Perhaps an evolution of this could 
include simple and rapid means to add addenda 
or clarifications to published protocols that may be 
uncovered in private communications with authors. 

Emerging startups like Protocols.io aim to bring 
additional transparency to experimental methods by 
creating a searchable repository of protocols online 
that allows public questions and answers, as well as 
importation into an associated digital lab notebook.

8FOR MORE INFORMATION, VISIT SIGMA-ALDRICH.COM/TRANSLATIONAL

http://www.sigmaaldrich.com/life-science/translational-research-solutions.html


7: CAUSES OF IRREPRODUCIBILITY
Q: What do you believe are the primary causes of irreproducible experiments?  
(Check all that apply.)
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The main causes cited for irreproducible results—poorly 
controlled experiments, rush to publish, insufficient 
samples sizes, and failure of the reproducing lab to 
understand or follow the published protocol—point to  
a fundamental challenge in academic research culture. 
The rush to publish and the pressure to publish 
only positive results can impede the ability to bring 
innovations to market. 

Some issues, such as the lack of proper controls and 
insufficient sample sizes, can be rectified through 
training in experimental design and statistics. The 
reproducing lab’s understanding of the published 
protocol can increase through the use of more  

Figure 7. Primary perceived causes of irreproducibility

thorough documentation, as well as the requirement for  
in-depth materials and methods sections. These new 
sections should include reagent lot and instrument 
model numbers, as well as information about reagent 
validation and instrument calibration. These small details 
could accumulate over individual experiments and 
become a major contributing factor to irreproducibility.
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8: LITERATURE ON IRREPRODUCIBILITY
Q: Did the Begley and Ellis paper titled “Drug development: Raise standards for preclinical 
cancer research”—or the papers from Prinz et al. at Bayer HealthCare or Perrin at the ALS 
Therapy Development Institute—influence the way you conduct your experiments?

Figure 8. Effect of seminal papers addressing irreproducibility on research conduct

These seminal papers1,2,3 present uncomfortable 
evidence that highlights the serious irreproducibility 
issues plaguing the translational research community 
and should be part of any journal club or lab meeting 
whose member scientists conduct translational research. 
Therefore, it is surprising that nearly three-quarters 
of respondents have not read these papers. Among 
respondents to this survey, no correlation was found 
between seniority and likelihood to have read  
these papers.

The survey responses also indicate that these papers, 
which detail a range of deficits and remedies, did 

not affect the conduct of approximately half of the 
respondents who read at least one of them. Is this 
group of researchers already conducting experiments 
in accordance with the best practices recommended in 
those publications? If not, perhaps they lack an incentive 
or the resources to address the issue. Or, is this a case of 
skepticism, in which these scientists are not influenced 
by the findings of a few papers and are instead awaiting 
additional data? As mentioned previously, proof of 
reproducibility and independent validation are not 
requirements for the grants or publications that advance 
careers. 

1 Prinz, F., et al. Nat. Rev. Drug Disc. 10, 712 (2011).
2 Begley, C. G. & Ellis, L.M., Nature 483, 531 (2012).
3 Perrin, S., Nature 507, 423 (2014).
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9: IMPROVING REPRODUCIBILITY
Q: In the past year, which of the following steps have you taken to improve the 
reproducibility of your experiments? (Check all that apply.)

The translational research community, particularly the 
members of the Academic Drug Discovery Consortium 
and those involved in the Reproducibility Initiative, has 
increased awareness of the need to address problems 
that contribute to irreproducibility. It is encouraging that 
96% of respondents have taken steps in the last year to 
improve the reproducibility of their experiments. The 
most common actions taken were to perform rigorous 
quality controls, to increase sample sizes, and to ensure 
thorough documentation so that future researchers are 
able to reproduce experiments. 

Figure 9. Measures taken to improve reproducibility

Fewer than half of the respondents used validated 
reagents (42%) and ensured proper calibration and 
maintenance of equipment (37%), corroborating 
respondents’ beliefs that these issues are significant 
contributors to irreproducibility (See Question 7). Yet,  
data are only as accurate as the measures (reagents  
and equipment) used to gather them. 

Proper use of statistics is not frequently emphasized 
in academic research. Yet, applying the wrong 
significance test or failing to run a power calculation 
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before beginning an animal experiment, for example, 
are major contributors to irreproducibility. Although it 
may be impractical to expect non-statisticians to be 
perfectly versed in statistics, biostatistics courses that 
would remedy frequent missteps remain electives 
at many universities. Some ways to overcome lack of 
statistical understanding include incentivizing training 
and certification in statistics as well as providing access 
to statisticians through a department or translational 
sciences institute. 

The ultimate test of reproducibility is to have another 
researcher reproduce findings. It is encouraging that 12% 
of respondents have asked another lab to reproduce 
their own findings. Last year, 50% of respondents 
indicated they would enlist another lab to reproduce 
findings to “ensure that [their] research is perceived as 
reproducible.” 

Third-party replication of experiments may be 
an expensive step for laboratories that employ 
sophisticated methods and specialized reagents. 
However, groups such as the Reproducibility Initiative 
contend that the high downstream costs of R&D 
programs based on non-validated data significantly 
hinder our ability to address human health needs. 
Increasing the percentage of studies that utilize third-
parties to validate data may require specific earmarks 
in grants, incentives for those third-party labs to devote 
time and resources to validation work instead of their 
own primary research, and easier means to access 
primary data.
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10: PROBLEMATIC PRODUCTS
Q: In the past year, what product groups caused you issues with reproducibility? 
(Check all that apply.)

Faulty antibodies and unauthenticated cell lines are 
known to contribute to irreproducibility.1 A recent 
publication reported that fewer than half of the 
antibodies and cell lines cited in a group of 238 papers 
across five disciplines were uniquely identifiable.2  
It comes as no surprise then that these two product 

Figure 10. Product groups that have caused reproducibility issues

groups were among the most frequently cited in this 
survey as causing problems with reproducibility.

The most commonly cited (41%) problematic product 
group was animal models. As antibodies, cell lines, and 
animal models are derived from non-synthetic sources.  
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1 Sigma-Aldrich. Improving Reproducibility: Best Practice for Antibodies, Cell Lines, and 
Small Molecules (2014); http://ow.ly/BWDh5
2 Vasilevsky, N.A., Brush, M.H., Paddock, H., Ponting, L. Tripathy, S.J., LaRocca, G.M., Haendel, 
M.A., PeerJ (2013); doi: 10.7717/peerj.148
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It begs the question of what potential mechanisms may 
need to be deployed to reduce variability. If not, rigorous 
statistics, compensatory increases in sample size, 
stringent quality controls, and thorough documentation 
must be in place to account for the variability. Later 
in this survey, Question 14 assesses specific practices 
that can help reduce the variability and inaccuracy of 
experiments using animal models of disease.

How do the basic reagents—such as media, buffers, 
and solvents—affect reproducibility? Although they 
are identified by 10-15% of respondents as potential 
causes of reproducibility, the fact that basic reagents are 
widely employed does raise the issue of standardized 
or defined reagent specifications. Homebrewed 
reagents may save the lab a few dollars, but can also 
introduce significant batch-to-batch variation due to 
heterogeneous production conditions and the lack of 
quality control mechanisms that would be applied for 
many commercial counterparts. Fewer than one in six 
respondents reported an issue with cell culture reagents 
and buffers or solvents, respectively, indicating that 
these basic reagents may be overlooked sources of error. 

Several organizations are attempting to combat 
reagent-related irreproducibility. The Global Biological 
Standards Institute (GBSI) has partnered with the 
University of Maryland to launch the Collaboration 
to Advance Antibody Standards. Cell line vendors 
such as the European Collection of Cell Cultures 
(ECACC) have committed to selling authenticated 
and quality-controlled cell lines. Science Exchange 
has also established a network of scientists who 
independently validate these and other reagents as part 
of their Reproducibility Initiative. These initiatives are 
a welcomed opportunity of focus to help address the 
issue of irreproducibility.
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11: REAGENT VALIDATION
Q: For which of these reagents does your laboratory validate purity and identity 
before first use? (Check all that apply.)

Reagents that were not or were insufficiently validated 
can lead to irreproducible and false results. The survey 
data show that fewer than half of respondents are 
validating many common reagents before using them 
in their experiments. To understand the distribution of 
responses, we must consider that validation may mean 
different things to different people. For some, antibody 
validation means running a positive control in parallel 
with an experiment. For others, antibody validation 
means evaluating antibody performance on a panel of 
positive and negative cell lines with variable expression 
levels of the protein of interest before any other 
experiments are carried out. 

Figure 11. Reagent classes validated before first use

The lack of clear standards highlights the need for 
a commonly agreed upon definition of validation 
and the practices required to successfully validate a 
reagent. Independent groups like the Human Proteome 
Organization (HUPO) and Global Biological Standards 
Institute (GBSI) have invested in the development of 
antibody validation standards. More science media 
attention has been focused on best practices, such as 
cell line authentication. While the community waits for 
standards, it is in scientists’ best interest to set lab or 
institution-wide policies for validation? These policies 
could include purchasing certain commercially prepared 
buffers instead of using uncontrolled homebrewed 
reagents, requesting Certificates of Analysis (CofAs) 
before ordering reagents, or adding validation steps to 
standard lab protocols. 
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12: MISIDENTIFIED CELL LINES
Q: In the past year, have you searched the ICLAC Misidentified Cell Lines database for the cell 
lines you use or have cited?

An estimated 15% of cell lines used worldwide 
are misidentified.1 Our own investigation into the 
contemporary use of six cell lines (KB, Hep-2, Chang 
liver, Int-407, and WISH), each discovered in 1968 to be 
HeLa contaminants, revealed that they are still in use 
today. Nearly 400 citations of these misidentified cell 
lines accumulated between March 2009 and 2014.2 
Suprisingly, a number of these publications employed 
these misidentified cell lines to represent endogenous 
biology, such as utilizing the Chang liver cell line to 
examine hepatotoxicity. 

The ICLAC database of Cross-Contaminated or 
Misidentified Cell Lines,3 now curated by the 
International Cell Line Authentication Committee 
(ICLAC), is the go-to reference for finding misidentified 

Figure 12. Familiarity with the ICLAC database of misidentified cell lines

cell lines. More than half of survey respondents were 
unfamiliar with the ICLAC database. Only 11% reported 
searching the database in the last year, which could 
mean that faulty results based on misidentified cell lines 
are propagating unnecessarily.

As of its last update in 2013, ICLAC’s list contained 472 
misidentified cell lines and HeLa was found to be the 
most common contaminant. By now, there are certainly 
more to the list. Perhaps more alarming than using a cell 
line on the list is the ease at which cross-contaminated 
cell lines can be created by handling more than one 
cell line simultaneously in the cell culture hood. Short 
tandem repeat (STR) profiling and use of proper 
technique are crucial to establishing cell line identity and 
preventing cross-contamination, respectively.
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1 Masters, J.R., Nature 492, 186 (2012).
2 Sigma-Aldrich. Improving Reproducibility: Best Practice for Antibodies, Cell Lines, and 
Small Molecules (2014); http://ow.ly/BWDh5
3 http://iclac.org/databases/cross-contaminations/
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13: MYCOPLASMA TESTING
Q: How often do you test cell lines for Mycoplasma contamination?

Figure 13. Frequency of Mycoplasma testing. 29% (105 respondents) do not use cell lines and were excluded from this graph.

An estimated 15–35% of cell cultures are contaminated 
with Mycoplasma.1 Unlike other common cell 
contaminants, Mycoplasma cannot be detected by 
visual inspection. Mycoplasma-contaminated cells do 
not die, but rather exhibit abnormal behavior, such as 
altered growth rates and metabolism, that could be 
mistaken for disease-related phenotypes or responses 
to drug treatment. The only way to rule out Mycoplasma 
contamination is to test cell lines weekly or monthly, 
depending on the cell type and application. 

More than 70% of respondents who use cell lines 
do not test for Mycoplasma at the recommended 
intervals (monthly or more frequently). Furthermore, 
30% test only when they suspect contamination and 
7% have never tested for Mycoplasma. In addition to 
frequent testing, the best ways to prevent Mycoplasma 
contamination are to use proper aseptic technique, 
to purchase authenticated cells lines from reputable 
repositories, such as the European Collection of 
Cell Cultures (ECACC) or the American Type Culture 
Collection (ATCC), and to test borrowed cell lines for 
Mycoplasma before use. 

1 Marx, V., Nat. Meth. 11, 483 (2014).
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14: ANIMAL STUDIES
Q: In animal studies, do you or your colleagues do any of the following? (Check all that apply.)

Animal study data is consistently used to inform 
subsequent studies in humans, yet more than 80% of 
potential therapeutics shown to be safe and effective  
in animal studies fail when tested in humans.1 

The reasons for the unsuccessful translation 
between species are numerous, though insufficient 
characterization of laboratory animal models 
is a contributing factor. For example, thorough 
documentation of cause of death—performed by  
fewer than half of respondents—may reveal the  
cause to be unassociated with the biomarker or  
disease under investigation, potentially rendering  
data from the animal irrelevant to the study.

Fewer than half of respondents conducting animal 
studies report carrying out simple, yet pivotal, 
procedures such as balancing genders or splitting 
littermates. These steps help establish that the  

Figure 14. Protocols undertaken in animal studies. 26% (94 respondents) have not performed animal studies and were excluded from this graph.

intended outcome of animal studies is actually due to 
treatment, setting the stage for success in subsequent 
human studies. The NIH recently invested more than 
$10 million to fund research that explores the effect of 
gender on preclinical and clinical outcomes, as well as 
to encourage gender balancing in these studies.2 To 
ensure that animal studies more closely mirror human 
clinical trials, Steve Perrin, Chief Scientific Officer at 
the ALS Therapy Development Institute, called for 
animal studies to include the maximum tolerated dose, 
pharmacokinetics and pharmacodynamics, and the 
maximum effective dose. That endeavor is estimated to 
cost nearly $350,000, but is relatively small compared to 
the cost and timelines of misinformed human studies.1
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1 Perrin, S., Nature 507, 423 (2014).  
2 http://www.nih.gov/news/health/sep2014/od-23.htm
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15: CITING RETRACTED PAPERS
Q: Before citing a paper for a manuscript or using it as a foundation for your own 
experiments, do you check to make sure that it has not been retracted?

Some retracted publications continue to accumulate 
citations well after authors withdraw the manuscript 
or post partial corrections. Despite a very steep rise 
in the rate of manuscript retractions in the past few 
years,1 retraction notifications are also not consistently 
displayed on search engines, PDF copies of the  
full-text paper, or non-publisher websites such as  
PubMed Central.2

Checking for retractions should be standard practice, 
but this can be time-consuming due to the absence of 
a simple tool. That 37% of respondents rarely or never 
checked for retractions when citing a paper presents a 
call to action for reference managers such as EndNote® 
and Papers. Databases, such as Google Scholar and 
PubMed, could also utilize existing metadata to flag 
retracted papers in search results. 

It typically takes significant community attention and 
fundamental flaws in a research paper to prompt a 
retraction. Before then, questionable papers may  
 

Figure 15. Frequency at which researchers check for retractions before citing a paper

fly under the retraction radar due to limited review 
diligence in a climate of heightened time and funding 
pressure.

Though a retraction may limit a scientist’s career, it 
certainly will not put a journal out of print, especially 
one that rightfully enjoys a high impact factor. Retracted 
papers are not regularly included in impact factor 
calculations. 

What, then, is the impetus for journals to more heavily 
police for retraction-worthy findings and researchers 
to be more diligent about the data submitted in 
manuscripts? Go after the impact factor, say the creators 
of Retraction Watch, a blog that publicizes journal 
retractions. One might argue that a penalty for retracted 
papers might provide enough impetus for journals 
to employ more diligent review processes and for 
researchers to be more cautious about the conclusions 
they report.
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1 Grieneisen, M.L. & Zhang, M.H., PLOS ONE (2012), doi: 10.1371/journal.pone.0044118.
2 Davis, P.M., J. Med. Libr. Assoc. 100, 184 (2012).
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16: RECORD KEEPING
Q: How does your lab track and store the majority of its data, protocols, and records of  
reagents or samples? (Check all that apply.)

Organized and thorough lab notebooks are effective 
when trying to reproduce experiments, verify dates 
for a patent application, or transition a project from 
one researcher to another. Programs such as Microsoft 
Excel® and Google Docs™ have made it easier to record, 
analyze, and archive data. Taken even further, Electronic 
Lab Notebooks (ELNs) and Laboratory Information 
Management Systems (LIMS) can catalog data from 
projects across entire labs and easily archive decades  
of work. 

The majority of respondents track and store data, 
protocols, and other records using electronic 

Figure 16. Methods used for laboratory record keeping

applications (80%) and paper notebooks (71%). Only 
16% of respondents use ELNs or LIMS, presumably due 
to cost and long ramp up times, despite the fact that 
the most recent generation of these software or web 
platforms ensure reliable and complete access to data 
and protocols. This allows scientists to document and 
easily refer back to lab work when writing methods 
sections or repeating experiments. 
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1 www.protocols.io
2 www.labguru.com
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Sigma-Aldrich, a leading Life Science and High Technology 
company focused on enhancing human health and 
safety, manufactures and distributes more than 230,000 
chemicals, biochemicals and other essential products 
to more than 1.4 million customers globally in research 
and applied labs as well as in industrial and commercial 
markets. With three distinct business units – Research, 

The American Association for the Advancement of 
Science, “Triple A-S” (AAAS), is an international non-profit 
organization dedicated to advancing science around the 
world by serving as an educator, leader, spokesperson 
and professional association. In addition to organizing 

Applied and SAFC Commercial – Sigma-Aldrich is 
committed to enabling science to improve the quality 
of life. The Company operates in 37 countries, has 
more than 9,000 employees worldwide and had  
sales of $2.7 billion in 2013. For more information 
about Sigma-Aldrich, please visit its website at  
www.sigma-aldrich.com. 

membership activities, AAAS publishes the journal 
Science, as well as many scientific newsletters, books and 
reports, and spearheads programs that raise the bar of 
understanding for science worldwide. 

ABOUT SIGMA-ALDRICH

ABOUT THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE (AAAS)

ADDC is growing international consortium established in 
2012, which currently comprises over 100 university-led 
drug discovery centers and over 1000 individual members 
from 35 countries. The ADDC mission is to nurture 
academic drug discovery centers in the rapidly changing 

environment and build a collaborative network to 
facilitate the exchange of expertise and technology 
know-how, and the formation of partnerships between 
each other and pharmaceutical industry. For more 
information, visit www.addconsortium.org.

ABOUT THE ACADEMIC DRUG DISCOVERY  
CONSORTIUM (ADDC)
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