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Contributions from Ian Wilson (Imperial College London) 
and Douglas Kell (University of Liverpool)

TOWARDS QA/QC 
STANDARDIZATION IN 
MODERN ERA METABOLOMICS 
AND LIPIDOMICS

M
etabolites and lipids play 
important biological roles, 
and studying them requires 
scientists to use advanced 
analytical and informat-

ics platforms. As researchers around the 
world adopt metabolomics and lipidom-
ics methods, challenges arising from a lack 
of standardized protocols for quality assur-
ance and quality control (QA/QC) mea-
sures become more apparent. Leading 
researchers in this field are now developing 
guidelines for standardized QA/QC mea-
sures; these guidelines will address study 
design, instrument maintenance, and data 
acquisition. With these measures in place, 
researchers will obtain more reliable data 
that they can compare across workflows 
and laboratories.

While metabolomics and lipidomics 
have existed for decades, these fields garner 
more attention as researchers seek to com-
prehend organisms as a whole. By under-
standing metabolomes and lipidomes, sci-
entists gain useful insights. “You get bigger 
changes in the metabolome than you get in 
the proteome or the transcriptome. A dou-
bling of something in the transcriptome is 
a big thing; a doubling in the metabolome 
may just be within normal biological vari-
ation,” said Ian Wilson, professor of drug 
metabolism and molecular toxicology at 
Imperial College London. 

Compared to other -omics fields, 
accessing the metabolome and lipidome 
provides functional biological insights, 
with the most common analytical plat-
form being liquid chromatography-mass 
spectrometry (LC-MS). However, inter-

preting the resulting data and ensuring 
that it is precise and reproducible is a 
challenge, often due to the sheer number 
of analytes measured in untargeted stud-
ies. “One of the biggest difficulties—this is 
true for all -omics methods—is the poten-
tially very large dynamic range of all the 
metabolites,” said Douglas Kell, research 
chair in systems biology at the University 
of Liverpool. “Few analytical instruments 
can cope with that kind of dynamic range.”

In contrast, targeted studies typically 
investigate and absolutely measure the 
concentrations of small subsets of known 
compounds, simplifying their QA/QC. 
“If you move to targeted metabolomics, 
as opposed to untargeted, then the QCs 
change because you can use standard 
curves and internal standards,” said Wil-
son. However, studies have shown that dif-
ferences in procedures across labs affect 
even simple targeted assays.1

The large scale and long-term nature 
of many -omics studies further necessi-
tates strict and uniform QA/QC mea-
sures to ensure reliability. “If you want 
to do hundreds or thousands of samples, 
you are going to have to use your mass 
spectrometers over many days, weeks, 
and months. You are going to have to 
calibrate them so that the control you 
did on one day maps itself back onto 
the control you did all those days back,” 
said Kell. “The only solution is to run the 
same thing on different days, and adjust 
the appearance of the chromatogram 
and the mass spectrum.”

Kell and Wilson co-authored a semi-
nal paper outlining procedures for large-

scale metabolic profiling, published in 
2011.2 In this document, they emphasized 
using identical pooled QC samples in 
untargeted studies where absolute analyte 
concentrations cannot be obtained during 
data analysis, an idea first brought forth 
five years prior.3 “[Pooled QC samples] 
enable one to have some confidence in 
the fact that what you were measuring was 
actually a variation in the samples that you 
were putting in the machine, not just drift 
in the machine because you changed a col-
umn, or the source of a mass spectrome-
ter, or any of the other hundred things that 
can change over time,” said Kell. 	

Current QA/QC recommendations 
are either overly general,4 geared towards 
targeted studies,5 or seldom applied.6 
Experts are coming together to decide 
what best practices to recommend and 
how to disseminate this information and 
enhance compliance.7-9 Scientific journals 
must ultimately play a role in this effort. 
“There needs to be an acceptance by jour-
nal editors that if the data is staggeringly 
important, then the science used to gen-
erate that data is thoroughly reviewed 
before publication,” said Wilson.

Because of the influx of new 
researchers with their own protocols, 
instrumentation, and study species, it is 
clear that sharing standardized QA/QC 
guidelines across all metabolomics and 
lipidomics labs is critical for identifying 
data outliers and tracking instrument 
performance. This is a large undertaking 
that requires input from scientists in 
academia, industry, government agencies, 
and regulatory organizations.

BUILDING QA/QC GUIDELINES
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Contributions from Warwick (Rick) Dunn (University of 
Birmingham, UK) and Kim Ekroos (Lipidomics Consulting)

BUILDING QA/QC GUIDELINES

THE BASICS OF QUALITY 
ASSURANCE AND QUALITY 
CONTROL 

M
etabolomics and lipidom-
ics workflows are often 
complex and time-con-
suming, and variation can 
affect every step of the 

process, from study design to data analysis 
and interpretation.1 Carefully implement-
ing quality assurance and quality control 
(QA/QC) procedures saves valuable time 
and resources if researchers catch prob-
lems early and remedy them. 

“With an appropriate QA/QC system, 
sometimes called a quality management 
system, you can have confidence that the 
data that you reported is of appropriate 
quality and meets minimum acceptance 
criteria. That gives confidence to paper 
reviewers, your peers, grant review panels, 
et cetera that [the data] are of high quality 
and that it’s valid research,” said Warwick 
(Rick) Dunn, professor of analytical and 
clinical metabolomics at the University of 
Birmingham, UK. 

Scientists working in high-throughput 
analytical chemistry use QA measures to 
prepare for data acquisition even before 
they collect their samples. QA activities set 
the stage for the later analytical processes, 
ensuring that the processes will meet pre-
determined requirements for quality. 
Common QA processes include thought-
ful experimental design, staff training, 
construction of standard operating pro-
cedures (SOPs) for biobanking, sample 
handling, and instrument operation, and 
instrument maintenance and calibration.2  

Careful analytical platform monitor-
ing is essential. “You have to assure that 
the instrument is performing,” said Kim 

Ekroos, president of the International 
Lipidomics Society. “Even the same type 
of instrumentation from the same vendor 
can differ. You need the basic controls in 
place to know that this instrument is now 
performing as it should. You should also 
optimize the machinery or instrumenta-
tion based on the sample you are going to 
measure and the molecules that you are 
going to measure.”

QC measures occur during and after 
data acquisition and address data qual-
ity requirements directly, giving scientists 
benchmarks to assess the reliability of 
their experimental data. These measures 
include using QC samples and standards 
that represent the biological samples in the 
assay to identify problems with the analyti-
cal process that could alter the data.3

Many QA/QC practices apply to both 
metabolomics and lipidomics workflows; 
however, differences occur in targeted 
versus untargeted studies. QA/QC is 
more straightforward in targeted studies 
because each analysis consists of a lim-
ited number of known compounds. Many 
researchers engaging in targeted studies 
follow FDA guidelines commonly used in 
regulatory pharmacology that were orig-
inally designed for targeted drug anal-
ysis.4 However, these methods could be 
improved and tailored specifically for 
metabolomics and lipidomics. “Most 
of what is performed in the regulatory 
industry are targeted assays,” said Dunn. 
“In regular metabolomics, it’s more about 
untargeted metabolomics.” 

Regulatory QA/QC measures were 
not designed with -omics studies in mind 

and are not easily adapted for untargeted 
analyses that measure hundreds or thou-
sands of unknown compounds. Some of 
the criteria used to determine quality in 
targeted assays are not appropriate for 
untargeted studies because researchers 
do not know the metabolites and lipids 
of interest until after they analyze the 
data. Scientists often use pooled QC sam-
ples, made by combining small aliquots 
of each biological sample in an analysis, 
to track variation in untargeted assays. “If 
the quality of the data for the pooled QC 
samples is poor, we assume that the qual-
ity of the data for the biological samples 
is poor, and we remove that metabolite 
from the dataset. We don’t say the whole 
dataset is poor quality, we just remove 
those metabolites that are poor quality, 
and that helps improve both the data pro-
cess and statistical analysis,” said Dunn.

Researchers in metabolomics and 
lipidomics currently strive toward more 
defined QA/QC guidelines to meet the 
urgent need to ensure study quality. 
Defining QA/QC procedures for untar-
geted studies will allow for comparison 
of data across laboratories and encourage 
multi-laboratory studies. The communi-
ties are determining what the best prac-
tices should be going forward and how 
this information should be disseminated. 
“It is good to have a community-based 
type of discussion of what QA/QCs are 
and how these are to be developed fur-
ther. We need to have training sessions, 
workshops at conferences, and so forth. 
This is something we need to really edu-
cate people on,” said Ekroos.
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Contributions from Richard Beger (US Food and Drug 
Administration), David Broadhurst (Edith Cowan University), 
and Marina Wright-Muelas (University of Liverpool)

DESIGNING EXPERIMENTS 
WITH QA/QC IN MIND

M
etabolomics and lipidom-
ics studies measure diverse 
metabolites while generat-
ing precise and reproduc-
ible data. Achieving both of 

these goals is a challenge, so implementing 
quality assurance and quality control (QA/
QC) measures is imperative.

Good QA/QC starts at the beginning 
of a study. “You can bias a clinical study 
design by observing a small non-represen-
tative subset of people, such as a specific age 
or geographical location, and when you’ve 
completed the study any generalized inter-
pretation to a greater population will be a 
biased extrapolation from which you may 
draw false conclusions,” said David Broad-
hurst, professor of biostatistics and clini-
cal data science at Edith Cowan University. 
“Conversely, you might only sample a small 
number, but look at a very big cross-sec-
tion in terms of demographics, then that is 
potentially a very biologically diverse sam-
ple set, certainly for human studies. There-
fore, you have less bias, but you’re introduc-
ing statistical noise, or uncertainty, around 
any conclusions.”

 A solid experimental plan controls 
variability and includes standard operating 
procedures with well-defined sample col-
lection, storage, and processing strategies. 
Additionally, staff training and instrument 
calibration are essential QA measures.

Because analytical instruments can 
introduce error into an assay, researchers 
use controls throughout a liquid chroma-
tography-mass spectrometry (LC-MS) run. 
“Systematic error in metabolomics can be 
estimated through multiple measurements 
of QC samples.  When the systematic error 
detected by the QC samples is greater than 
a certain amount, the cause of the error 
needs to be corrected before going forward 

with the analysis,” wrote Richard Beger, 
branch chief of the Biomarkers and Alter-
native Models Branch, Division of Systems 
Biology, National Center for Toxicological 
Research, US Food and Drug Administra-
tion, in an email.

System suitability QC occurs prior to 
biological sample injection and determines 
whether the instrumentation performs as 
expected. “Often a blank gradient with no 
sample is run first to determine whether 
there are impurities in the solvents or 
contamination of the separations system 
including the column.  Then a series of 
system suitability QC samples are used to 
determine correct retention time of stan-
dards within the acceptance criteria, chro-
matographic peak width and shape, mass 
accuracy of defined compounds within 
acceptance criteria, and sensitivity within 
acceptance criteria,” wrote Beger. Next, sci-
entists inject process or extraction blanks 
to identify impurities from the instru-
ments, solvents and consumables, sample 
processing, and carryover of samples from 
previous runs. Before they inject biological 
samples, researchers often run several QC 
samples to “condition” their LC-MS plat-
form; a process that primes the system and 
reduces error.1

Another source of error comes from 
instrument response drift as researchers 
inject samples into the LC-MS platform.  
“When we ran long experiments, we started 
to see instrument response drift—the atten-
uation of signal over time—as the column 
slowly dirtied up,” recalled Broadhurst. 
“The signal was getting less as the sensitiv-
ity was getting less, but this change in sensi-
tivity was clearly systematic and correctable 
using QC sample data.” 

Problems such as instrument response 
drift are apparent when comparing data 

from identical QC samples placed through-
out a batch. For targeted assays, scien-
tists compose QC samples from authentic 
chemical standards representing the target 
analytes and isotopically-labeled internal 
standards. For untargeted assays, experts 
suggest injecting identical pooled QC sam-
ples, made from biological sample aliquots, 
throughout the workflow.2-4 “The aliquots 
should be taken from each of the collected 
samples during the initial sample collections 
and aliquoted into enough pooled sample 
aliquots to avoid additional freeze thaw 
cycles when they are used,” wrote Beger. 

To keep systematic error from biasing 
results, scientists should randomize the 
biological sample order. “Randomization 
is key, especially when you’re running the 
samples through the mass spectrometer,” 
said Marina Wright-Muelas, a research 
associate at the Institute of  Systems, 
Molecular, and Integrative Biology at the 
University of Liverpool. 

Finally, all studies should also include 
internal standards, long-term reference 
samples, and standardized reference mate-
rials. Researchers then correct measure-
ment errors during computational analysis 
based off of the QC sample and standard 
results. “The simplest and quickest way of 
looking at the data is [with] PCA plots. 
[When] looking at the QC samples against 
your actual analytical samples, they should 
center around the center of the PCA plot,” 
said Wright-Muelas. “If they’re not clus-
tering together, you’ve got a problem. You 
have to dig into the data and figure out who, 
what, when, and why.”

The opinions expressed by Richard 
Beger in the responses to interview questions 
are those of the author and do not necessar-
ily represent the views or policies of the US 
Food and Drug Administration.

BUILDING QA/QC GUIDELINES
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Contributions from John Bowden (University of Florida), 
Timothy Garrett (University of Florida), and Christina 
Jones (National Institute of Standards and Technology)

USING STANDARDS TO 
MAINTAIN QUALITY

R
esearchers use chemical stan-
dards throughout their metab-
olomics and lipidomics work-
flows to assess their analytical 
platforms and data quality. In 

targeted studies, scientists also use stan-
dards for analyte quantification. Because of 
the large scope of untargeted studies, stan-
dards are particularly important for qual-
ity assurance and quality control (QA/QC) 
between experiments and laboratories.

 “You are in this wild, wild West when 
it comes to the different workflows people 
use,” said John Bowden, assistant profes-
sor of physiological sciences at the Univer-
sity of Florida. “Performing an untargeted 
analysis allows you to collect data across 
the entire mass spectrum. You’re trying 
not to box things into a specific target. 
Then, during post analysis, we pick fea-
tures out and make identifications. Hav-
ing standards for that kind of analysis is 
important because it helps provide a level 
of confidence.”

A number of companies produce 
labeled and unlabeled chemical standards 
for research and manufacturing. Scientists 
must choose the mix of standards that best 
suits their needs and apply it throughout 
their liquid chromatography-mass spec-
trometry (LC-MS) runs.

After testing blanks, experts suggest 
injecting a system suitability sample—a 
solution of authentic chemical standards 
for assessing system performance.1,2 Ide-
ally, the compounds cover a range of mass-
to-charge ratios (m/z) and retention times 
for evaluating the expected analysis win-
dow. Researchers compare results to 

pre-defined acceptance criteria for those 
chemicals prior to injecting biological 
samples. “Samples are valuable, they cost 
time and money, and sometimes they’re 
irreplaceable. Before you start any analy-
sis on the system, you should run a system 
suitability test to make sure that every-
thing is running properly,” said Bowden.

In targeted studies, researchers typi-
cally add isotopically-labeled standards 
of their metabolites or lipids of interest 
to every biological sample. Because they 
know the standard concentrations, sci-
entists can construct calibration curves 
to quantitate analytes. Internal stan-
dards cannot serve the same purpose in 
untargeted studies because the analytes of 
interest are unknown prior to data analy-
sis; however, they are still essential. “You 
have to use some sort of standard that you 
add to every sample as a way to under-
stand how the run is performing, and that 
tells you whether you can pass a run or 
fail a run. You need some assessment of 
variability to know that the instrument is 
performing right and that your extraction 
performed correctly. Then you can start 
making biological decisions,” explained 
Timothy Garrett, associate professor of 
pathology at the University of Florida.

When every biological sample con-
tains internal standards, researchers can 
monitor system performance in real-time 
and stop runs mid-batch if problems arise. 
Internal standards provide different infor-
mation depending on when researchers 
spike the chemicals into their samples. 
“Extraction standards are added before 
you do anything to the sample as a way 

to measure how well you’re extracting and 
how reproducible you are in the extraction 
process. Then the injection standards are 
added right before you’re ready to inject,” 
said Garrett. Internal standards added 
prior to injection help researchers adjust 
for instrument response drift that occurs 
over time after multiple LC-MS injections. 

Long-term reference (LTR) samples 
and standardized reference materials 
(SRMs) help assess quality over time and 
across laboratories. Researchers use ali-
quots of the same LTR to normalize their 
data from batches on the same analytical 
platform. To compare data across labora-
tories, scientists purchase STRs developed 
by certified groups, such as the National 
Institute of Standards and Technology 
(NIST), that contain chemicals found in 
biological matrices. “You want a refer-
ence material that’s the same matrix as 
the samples in your study,” said Christina 
Jones, a research chemist at NIST. “There 
aren’t always matrix-matched reference 
materials. If they don’t exist, you have to 
go with the next best thing that’s available 
to you.” 

As the metabolomics and lipidomics 
community grows, so does the need for 
diverse standard materials. Companies are 
currently developing additional reference 
materials that represent a variety of matri-
ces. Yet, there is a long way to go before the 
community’s needs are met. “A lot of people 
in this field create their own system suitabil-
ity standards and their own long term ref-
erence materials…We are missing commer-
cial ones that everyone can purchase,” said 
Jones. “We are working to fill the gaps.”

BUILDING QA/QC GUIDELINES
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Contributions from Annie Evans (Metabolon) and Jennifer 
Kirwan (Berlin Institute of Health) 

ESTABLISHING QA/QC 
REPORTING GUIDELINES

A
s metabolomics and lip-
idomics experts con-
sider appropriate qual-
ity assurance and quality 
control (QA/QC) guide-

lines, they also discuss how research-
ers should report their QA/QC efforts 
to the wider community. Guidelines 
exist for QA/QC reporting in targeted 
studies; however, scientists inconsis-
tently apply them, or they may be inap-
propriate for untargeted assays.1,2 Sev-
eral groups, including the Metabolomics 
QA and QC Consortium (mQACC), the 
Lipidomics Standards Initiative, and  
the Metabolomics Society, are cur-
rently deliberating which QA/QC mea-
sures should be shared and where to 
report them.3 These reporting standards 
will likely be implemented across the 
entire metabolomics/lipidomics ana-
lytical process, including sample acqui-
sition and processing, system calibra-
tion, QC standards and controls, and 
data analysis. Each QA/QC measure 
should be described with enough detail 
for researchers in other labs to reproduce 
the experiments.

“What you should report is still a very 
hot topic for discussion. As a bare min-
imum, we should be reporting markers 
that are an assessment of quality assur-
ance of our experimentation,” said Jenni-
fer Kirwan, head of the Berlin Institute of 
Health Metabolomics Core Facility and 
one of the scientists working to establish 
reporting guidelines. 

One arena scientists use for reporting 
their QA/QC efforts is data repositories, 

such as the Metabolomics Workbench 
through the National Institutes of Health 
and the MetaboLights database through 
the European Bioinformatics Institute. 
Scientific journals are another obvious 
choice. Every journal could provide the 
same reporting instructions agreed upon 
by various initiatives. Many researchers 
already include this information in their 
papers, but to varying degrees, and some 
journals require less rigorous report-
ing than others. Standardizing what is 
reported and where that information is 
found across all publications will enable 
readers to easily assess data quality and 
attempt to reproduce experiments with 
their own equipment.

“Most reporting standards for quality 
control can go in supplemental [materi-
als]. However, any interesting features of 
your quality control measurements that 
may directly affect the interpretation 
of the results should be reported in the 
main text,” said Kirwan. “People should be 
open and honest about confounding fac-
tors and technical variation, which may 
be contributing to apparently clear-cut 
biological results”

Kirwan and Annie Evans, director of 
Research and Development at Metabo-
lon, warned that recommending an over-
whelming set of guidelines would decrease 
their adoption by some in the commu-
nity. In fact, previously suggested guide-
lines have not been widely implemented.4 
“We don’t really know why people haven’t 
adopted them. Is it that the recommen-
dations are too difficult? Is it because the 
publications were hard to get their hands 

on or there wasn’t enough visibility?” 
wondered Evans. “Even if we set up some 
guidelines, we have to find a way to make 
it so that people can readily adopt them.” 

A strict set of guidelines may hin-
der scientists in smaller labs and those 
new to the metabolomics and lipidomics 
fields. “Labs have different facilities and 
different levels of funding, so the report-
ing guidelines should be flexible enough 
to allow people who are doing good work 
to publish that work,” said Kirwan. With 
this in mind, the groups constructing the 
untargeted metabolomics and lipidomics 
reporting guidelines prioritize input from 
the wider community.

Evans, Kirwan, and other scientists 
are considering a set of minimal reporting 
standards, along with a list of best prac-
tice reporting standards. These options 
may enhance community acceptance and 
entice researchers to aim for best prac-
tice reporting whenever possible. “There 
are some people who are just getting into 
this science. If we set the bar so high, then 
you’ve essentially eliminated the ability of 
some of the people just getting into the 
field to meet the bar,” said Evans.

Once the community decides on a 
set of reporting guidelines, the docu-
ment will continue to evolve as technol-
ogy changes. “We’re thinking about this 
as a living document. We are going to set 
out the first set of guidelines after get-
ting community input, and then in five 
years we need to look at them again,” said 
Evans. “This is not something that’s going 
to be put in stone. This needs to change 
and adapt with the science over time.”

BUILDING QA/QC GUIDELINES
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Contributions from Mark Viant (University of Birmingham, UK)

THE FUTURE OF QA/QC IN 
METABOLOMICS: NOTES FROM 
REGULATORY TOXICOLOGY

E
xperts in the metabolomics 
and lipidomics communi-
ties believe that clear quality 
assurance and quality con-
trol (QA/QC) guidelines are 

necessary. In 2007, the Metabolomics 
Standards Initiative published a series 
of papers outlining a set of standards 
and guidelines.1 Now, many agree that 
researchers should update these stan-
dards, develop more rigorous guide-
lines, and take steps to improve their 
adoption within the community.2,3 
Groups involved in this process include 
the Metabolomics Society, the Metab-
olomics Quality Assurance and Qual-
ity Control Consortium (mQACC), the 
Lipidomics Standards Initiative, and 
the Metabolomics Standards Initiative 
in Toxicology (MERIT). 

“One improvement that we need is an 
absolutely clear definition of what good 
practices in QA/QC are,” said Mark Viant, 
co-chair of MERIT and professor of metab-
olomics at the University of Birmingham, 
UK.  “New people moving into the field 
might say, ‘Where are the clearly defined 
guidance documents and descriptions of 
how we should actually conduct rigor-
ous QA/QC?’” A document that clearly 
describes best practices would guide both 
those new to metabolomics and lipidomics 
and established researchers.

Compliance with QA/QC best prac-
tices must increase across all labora-
tory types to enhance study quality; 
however, research groups have differ-
ent incentives to comply with QA/QC 
guidelines. Those who focus on innova-

tion move quickly from publication to 
publication and may have less time to 
replicate their efforts, while those in the 
regulatory arena already have structured 
protocols and reporting standards. “One 
of the challenges is, how do you actu-
ally bring the community forward as a 
whole? How do you encourage them? 
How do you incentivize them to use QA/
QC and bring it into their experiments?” 
asked Viant.

Viant believes that regulatory scien-
tists must participate in the effort to build 
metabolomics and lipidomics QA/QC 
guidelines, and a collaboration between 

mQACC and MERIT bridges the gap 
between regulatory science and biomed-
ical research. The MERIT project brings 
together experts from industry, govern-
ment agencies, regulatory organizations, 
and academia to develop guidelines for 
regulatory toxicology.4 “We’re trying to 
bring metabolomics and other molecular 
diagnostics into the chemical safety arena. 
People have been working in this space 
for 20 years, but we’re trying to move it 
towards regulatory science, which actually 
means it would have to stand up in a court 
of law,” said Viant.

The MERIT project works to develop 
metabolomics reporting guidelines for 

regulatory toxicology with the Organ-
isation for Economic Cooperation and 
Development (OECD). Viant hopes that 
improvements in the regulatory field will 
trickle down to the wider community. “As 
the regulatory end gets better defined, 
hopefully that information can be fed 
back and made available to the commu-
nity. Then the less-regulated commu-
nity needs to be made aware of that and 
encouraged to take up and draw on some 
of that best practice.”

Finally, QA/QC measures will 
improve with more metabolite and lipid 
standards. “We don’t have the assays 

to identify extremely large numbers of 
metabolites or to quantify large num-
bers of metabolites. If we were look-
ing into the future, we would certainly 
have improved assays for both of those,” 
said Viant. “We don’t even have metab-
olite standards for tens of thousands of 
metabolites and lipids. There will need 
to be a concerted effort by chemical 
supply companies to attempt to synthe-
size at least some of the critical missing 
metabolites.” Prioritizing the production 
of analytes that are essential to certain 
fields, such as toxicology, biotechnology, 
or clinical medicine, could be the answer 
to addressing this large challenge.

“One of the challenges is, how do you actually bring the com-
munity forward as a whole? How do you encourage them?”	

	 –Mark Viant, University of Birmingham, UK

BUILDING QA/QC GUIDELINES



9The Scientist 2021  |  the-scientist.com

References 

Article 1: Towards QA/QC Standardiza-
tion in Modern Era Metabolomics and 
Lipidomics
1 )  J.A. Bowden et al., “Harmonizing 

lipidomics: NIST interlaboratory 
comparison exercise for lipidomics 
using SRM 1950-Metabolites in Frozen 
Human Plasma,” J Lipid Res, 58:2275-
88, 2017.

2 )  W.B. Dunn et al., “Procedures for large-
scale metabolic profiling of serum and 
plasma using gas chromatography and 
liquid chromatography coupled to mass 
spectrometry,” Nat Protoc, 6:1060-83, 2011.

3 )  T. Sangster et al., “A pragmatic and 
readily implemented quality control 
strategy for HPLC-MS and GC-MS-
based metabonomic analysis,” Analyst, 
131:1075-78, 2006.

4 )  ISO 9000, “Quality management 
systems—fundamentals and vocabulary,” 
Geneva:ISO, 2015.

5 )  Food and Drug Administration, 
“Guidance for industry: bioanalytical 
method validation,” Rockville, 
MD: US Department of Health and 
Human Services, Food and Drug 
Administration, Center for Drug 
Evaluation and Research, 2001.

6 )  L.W. Sumner et al., “Proposed minimum 
reporting standards for chemical 
analysis Chemical Analysis Working 
Group (CAWG) Metabolomics Standards 
Initiative (MSI),” Metabolomics, 3:211-
21, 2007.

7 )  R.D. Beger et al., “Towards quality 
assurance and quality control in 
untargeted metabolomics studies,” 
Metabolomics, 15:4, 2019.

8 )  G. Liebisch et al., “Lipidomics needs 
more standardization,” Nat Metab, 
1:745-47, 2019.

9 )  M.R. Viant et al., “Use cases, best 
practice and reporting standards for 
metabolomics in regulatory toxicology,” 
Nat Comm, 10:3041, 2019.

Article 2: The Basics of Quality 
Assurance and Quality Control
1 )  D. Dudzik et al., “Quality assurance 

procedures for mass spectrometry 
untargeted metabolomics. A review,” J 
Pharm Biomed Anal, 147:149-73, 2018.

2 )  D. Broadhurst et al., “Guidelines and 
considerations for the use of system 

suitability and quality control samples 
in mass spectrometry assays applied 
in untargeted clinical metabolomic 
studies,” Metabolomics, 14:72, 2018.

3 )  W.B. Dunn et al., “The importance of 
experimental design and QC samples in 
large-scale and MS-driven untargeted 
metabolomic studies of humans,” 
Bioanalysis, 4:2249-64, 2012.

4 )  Food and Drug Administration, 
“Guidance for industry: bioanalytical 
method validation,” Rockville, 
MD: US Department of Health and 
Human Services, Food and Drug 
Administration, Center for Drug 
Evaluation and Research, 2001.

Article 3: Designing Experiments with 
QA/QC in Mind
1 )  D. Broadhurst et al., “Guidelines and 

considerations for the use of system 
suitability and quality control samples 
in mass spectrometry assays applied 
in untargeted clinical metabolomic 
studies,” Metabolomics, 14:72, 2018.

2 )  T. Sangster et al., “A pragmatic and 
readily implemented quality control 
strategy for HPLC-MS and GC-MS-
based metabonomic analysis,” Analyst, 
131:1075-78, 2006.

3 )  W.B. Dunn et al., “Procedures for large-
scale metabolic profiling of serum and 
plasma using gas chromatography and 
liquid chromatography coupled to mass 
spectrometry,” Nat Protoc, 6:1060-83, 2011.

4 )  W.B. Dunn et al., “The importance of 
experimental design and QC samples in 
large-scale and MS-driven untargeted 
metabolomic studies of humans,” 
Bioanalysis, 4:2249-64, 2012.

Article 4: Using Standards to Maintain 
Quality
1 )  W.B. Dunn et al., “Procedures for large-

scale metabolic profiling of serum and 
plasma using gas chromatography and 
liquid chromatography coupled to mass 
spectrometry,” Nat Protoc, 6:1060-83, 2011.

2 )  D. Broadhurst et al., “Guidelines and 
considerations for the use of system 
suitability and quality control samples 
in mass spectrometry assays applied 
in untargeted clinical metabolomic 
studies,” Metabolomics, 14:72, 2018.

Article 5: Establishing QA/QC 
Reporting Guidelines
1 )  Food and Drug Administration, 

“Guidance for industry: bioanalytical 
method validation,” Rockville, 
MD: US Department of Health and 
Human Services, Food and Drug 
Administration, Center for Drug 
Evaluation and Research, 2001.

2 )  M. Bouhifd et al., “Quality assurance of 
metabolomics,” ALTEX, 32:319-26, 2015.

3 )  R.D. Beger et al., “Towards quality 
assurance and quality control in 
untargeted metabolomics studies,” 
Metabolomics, 15:4, 2019.

4 )  R.A. Spicer et al., “Compliance with 
minimum information guidelines in 
public metabolomics repositories,” Sci 
Data, 4:170137, 2017.

Article 6: The Future of QA/QC in 
Metabolomics: Notes from Regulatory 
Toxicology
1 )  L.W. Sumner et al., “Proposed minimum 

reporting standards for chemical 
analysis Chemical Analysis Working 
Group (CAWG) Metabolomics Standards 
Initiative (MSI),” Metabolomics, 3:211-
21, 2007.

2 )  R.A Spicer et al., “A decade after the 
metabolomics standards initiative it’s time 
for a revision,” Sci Data, 4:170138, 2017.

3 )  G. Liebisch et al., “Lipidomics needs 
more standardization,” Nat Metab, 
1:745-47, 2019.

4 )  M.R. Viant et al., “Use cases, best 
practice and reporting standards for 
metabolomics in regulatory toxicology,” 
Nat Comm, 10:3041, 2019.

BUILDING QA/QC GUIDELINES



For Research Use Only. Not for use in diagnostic procedures. © 2021 Thermo Fisher Scientific Inc. All rights reserved.  
All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. AD65857-EN 0221M

 Find out more at thermofisher.com/OrbitrapExploris240

GO BEYOND 
With leading performance and versatility
Quantitative data for biological significance 
Obtain valuable quantitative insights from small- to large-scale studies across a variety of 
applications from untargeted, semi-targeted to targeted metabolomics studies. With optimized 
methods, the Thermo Scientific™ Orbitrap Exploris™ 240 mass spectrometer delivers a fast 
turnaround of sample to results with operational simplicity. Best-in-class performance together 
with Thermo Scientific™ AcquireX™ intelligent data acquisition workflow delivers a fast track to 
confident results, all within a compact footprint, so you can go beyond with everyday versatility. 


