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Table OR 2. The various types of QC samples used in untargeted metabolic profiling 



	Type of QC Sample(s)
	Alternative names
	Purpose of QC Sample(s)
	Considerations for QC sample composition

	System suitability QC samples
	
	To demonstrate analytical system is “fit for purpose” and working within specification with no contamination, prior to analysis of study samples.
	Should be consistent over long periods and potentially usable across multiple laboratories. A synthetic sample comprising a mixture of authentic chemical standards or reference material can be used for this purpose.

	Intra-study QC samples
	Within-study QC ‘pooled QC sample’
Intra-batch QC
Within-batch QC
	To (a) condition the analytical system, (b) provide measures of within study reproducibility, (c) monitor, assess and potentially correct for systematic errors in measurements, e.g. drift in m/z, chemical shift, intensity and/or chromatographic retention time in QC samples (i.e. most often pooled samples) during a study and associated batches, to ensure that acceptance criteria are met for that specific study, and (d) optionally used to filter variables based on the linearity of their intensities in a dilution series of within-study QC.
	Due to the nature of the algorithms applied to achieve these purposes, and because of matrix-specific effects on ionization, it is essential that the within-study QC is highly representative of the biological samples in the current study. It is practically derived from a small aliquot of all the individual biological samples within that study. These QCs are limited to one study.

	Intra-lab QC samples
	Within-lab QC ‘Long-Term Reference (LTR) QC’
Between-study QC
	To assess (and potentially correct for) any differences between separate studies within one laboratory. Hence this type of QC has also been referred to as an ‘Inter- or between- study QC’.
	Should be representative of the study samples and hence derived from a one-time pool of multiple extracted samples by a specific laboratory using a defined SOP, or a synthetic sample covering the relevant metabolite space or a reference material of sufficiently similar metabolic composition to the study samples.

	Inter-lab QC samples
	Between-lab QC (previously also known as a ‘Long-Term Reference (LTR) QC’)
	To assess (and potentially correct for) any differences between individual laboratories.
	Should be accessible to multiple laboratories, has known providence, is stable, characterised and available in controlled batch numbers. Ideally this QC has a similar metabolic composition or matrix to the biological samples in the study, although this is not always possible, in which case use as close to the same composition as possible.

	Process blank samples
	‘blank’, solvent blank or ‘extraction blank’
	To enable the measurement of interfering signals (‘contaminants’) that may arise from the ‘process’ - e.g. from extraction solvents, plasticware, etc. - such that these contaminant signals can be removed from a study during the data processing. Sometimes used to assess carryover.
	Study specific, prepared in the same manner as the biological samples except that no biological material is present. It is important to define the start and end points of the ‘process’ used to prepare this type of QC sample.
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Table OR3.  Recommended QC metadata and rationale for reporting it in metabolomics studies

	Metadata Category
	Meta Data
	Explanation

	System suitability test (SST)
	Test sample details
	A full description of the sample(s) used for the SST should be given, similar in detail to that used for the QCs to enable a reader to assess the appropriateness and results of the test and reproduce it if required.

	
	Test details
	The full details of the test run(s), and the pass/fail criteria should give confidence to the reader that the instrument was reliably running. Pass/fail criteria should include aspects of instrument functionality that are specifically relevant to the analysis undertaken, e.g., negative ion mode results should be reported where negative ion mode was used for the analysis.

	“Blank” samples
	Sample preparation
	Enables the reader to assess where contaminants in the blank may be arising from and how representative the blank is as a negative control.

	
	Sample run order
	Important to assess whether blank samples are measuring contamination or carryover.

	
	Use in data analysis
	Enables readers to assess research results and conclusions with knowledge about potential contamination or carryover that may influence results.

	QC sample matrix details
	Sample Preparation Date
	Enables the reader to see how old the sample was and whether results may be influenced by chemical changes or degradation.

	
	QC Matrix (cells, plasma, tissue etc.)  
	Matrix effects can have both positive and negative effects on metabolite intensities and will therefore influence results.

	
	Storage Condition
	Enables the reader to assess whether storage conditions were appropriate and whether results may be influenced by chemical changes or degradation.

	
	Storage volume
	Sublimation can occur in storage, even at low temperatures. The storage volume combined with the length of storage may contribute to sample variability.

	
	Storage Temperature
	Enables the reader to interpret whether storage conditions were appropriate and whether results may be influenced by chemical changes or degradation.

	
	How were samples transported to lab
	Enables the reader to interpret whether a cold chain was maintained, or whether transport conditions may influence results.

	QC sample processing details
	QC sample processing protocol including any extraction or dilution solvents used
	Enables the reader both to assess and interpret results more completely (see text) and repeat them.

	
	Number of Internal Standards (IS) (labeled or unlabeled)
	Enables the reader both to assess and interpret results more completely (see text) and repeat them.

	
	Chemical Identity of IS
	Enables the reader both to assess and interpret results more completely (see text) and repeat them. In particular, the reader can critically analyse the appropriateness of any normalization or equivalent steps that have been performed with the internal standards. 

	
	Justification of commercial or homemade QC source
	Both commercial and homemade QCs have advantages and disadvantages. How QC data can be used is dependent on what the QC sample is composed of.

	
	Are QC samples measuring instrument variability or experimental variability
	Were QC samples prepared just before samples are placed on the analytical instrument (and so measure only instrument variability) or have they undergone the identical extraction and processing procedures as the real samples (to measure the total of the experimental variability). Judging the performance of the QCs and the method in general is dependent on understanding what type of variability they are measuring. 

	
	Number of QC samples prepared
	This gives important information about the number of QC samples prepared and analysed, which aids interpretation about their variability and whether some QC samples may have been excluded.

	Commercial QC
	Sample supplier
	Enables a reader to repeat the experiment using the identical QC

	
	Batch number
	Enables a reader to identify possible causes of differences in an experimental outcome.

	
	Number of freeze thaws
	Enables interpretation due to freeze thaw effects.

	Homemade QC
	Preparation protocol
	Enables the reader to both assess and repeat the experiment.

	
	Which experimental samples were pooled to create the QC
	Enables the reader to understand some of the results more properly, especially if data is made openly available.

	
	How were pooled QCs stored throughout the study (aliquot size, dried down or not, temperature)
	Enables the reader to interpret whether storage conditions were appropriate and whether results may be influenced by chemical changes or degradation.

	
	Method of pooling (e.g., pre- or post- extraction)
	Determines whether only instrument analytical variability, or total experimental variability is measured.

	Analytical method
	Confirm that the QCs were run as part of the same analytical batch as the samples discussed in the report
	Confirms that the measured variability in the QCs represents the anticipated technical variability in the sample set.

	
	Analytical method (if different from sample method)
	Enables the reader to assess the method including e.g. the likelihood that chemical identities are probable given a stated method, and to reproduce the results.

	
	Sample run order
	Enables assessment and better understanding of intra-batch effects.

	
	QC run details: frequency and intervals of QC samples run; randomized or block randomized
	Enables assessment and better interpretation of results and subsequent processing e.g. some batch correction methods may be less reliable when performed using QCs which are not evenly distributed throughout the run, or where there are no “bookend QCs” i.e. a QC sample at the beginning and end of the run. This is also an opportunity for the writer to be clear about their QC handling procedure e.g. were any excluded from the final analysis and why. 

	
	Type of instrument and vendor
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required.

	
	Time elapsed since sample preparation (minimum and maximum)
	Enables the reader to assess the likelihood of chemical degradation over the course of the run.

	Liquid/Gas chromatography
	Mobile phase (solvents or gas used)
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required.  May especially aid assessment of probability of chemical identifications.

	
	Column used (manufacturer, chemistry, bead size, internal diameter, length)
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required. May especially aid assessment of probability of chemical identifications.

	
	Gradient
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required.

	
	Injection volume
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required.

	
	Split ratio (if used)
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required. May also highlight experimental problems such as column overloading which may contribute to the final variability of the experiment.

	
	Additional information (liners, vials used etc.)
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required. Coloured vials may be particularly important for light sensitive chemicals for example, while the choice of liner used may affect the final detected intensities of certain compounds.

	Mass spectrometry
	MS method including resolution, m/z range, target ion selection parameters, collision energy
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required.

	NMR
	Instrumental parameters including: 90-degree pulsewidth, pulse sequence name (or listing), spectral width, digitization info (number of datapoints), total recycle time, number of scans. 
	Enables the reader to assess the appropriateness of the experimental method and interpretation and to repeat the experiment if required.

	
	Time for temperature stabilization
	Enables accurate interpretation of results.

	Reporting data
	Report pass/fail criteria
	Required to assess the appropriateness of the results.

	
	Identification confidence
	Enables assessment of the qualitative results and the biochemical interpretation.

	
	Additional information
	Includes information on how QC data was used to assess data reproducibility, batch drift and other information that improves the technical confidence of the research.
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