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Disclaimers
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All opinions expressed in this presentation are the author’s and do not necessarily reflect the policies and views of NIST

Certain commercial equipment, instruments, or materials are identified in order to specify the experimental procedure adequately. 
Such identification is not intended to imply recommendations or endorsement by NIST, nor is it intended to imply that the materials 

or equipment identified are necessarily the best available for the purpose.



Measurement Assurance
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New methods/technologies 
require validation

Validation requires reference 
materials, benchmarking 

studies, validation studies, 
measurement innovation, etc.

Measurement Science & Biometrology

BBD Mission: To promote U.S. biosciences and biotechnology innovation and industrial 
competitiveness by advancing measurement science, standards, and technology in 

ways that enhance economic security and improve our quality of life



Metagenomics

NIST Microbial Metrology
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Microbiome Biosurveillance
Community Characterization Targeted Detection



Metagenomics Applications Microbial Testing

Metagenomics is increasing being turned to as a technique for 
microbial detection in numerous applications, specifically  those 

that require microbial testing prior to release

Food safety Gene and Cell Therapy 
Manufacturing

Medical/Health care 
products

Water 
reuse/reclamation



Understanding the Metagenomics Workflow

ATGCTCCCGTGTGACGTA
AAGGATCGATGAGTCAGT
AGCTGGGGGGATCGAGTA
CGATAGCTAGACTGATAG
CTACGATACGATCAGACT
CAGATTAGTTTGGATAGT

sample 
collection & 

storage

DNA/RNA 
extraction

library 
preparation sequencing

read 
processing

statistical 
analysis & 
reporting

• This is a general workflow, at a bare minimum these are the steps that must occur to get from a 
sample to an actionable results

• Each of the steps, and consideration for additional steps (e.g. a PMA treatment), needs to be 
considered in context of the sample type, environment, and end goal (e.g. what is type of data do 
you need to make a decision)

• Standards enable validation of a workflow and confidence in the results – when included 
correctly



Considerations for workflow adoption
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Design

Build

Test

Learn
What question are you asking and what data do you 
need to answer it?

Develop a set of minimum guidelines [e.g. GSC 
MIxS guidelines, STREAMS]

Outline/Map a workflow

Identify controls for each step of the workflow 



Workflow Examples from other fields – food 
science 



“A workflow for metagenomics-based 
environmental surveillance that is appropriate 

for low-biomass samples, distinguishes 
viability, is quantitative, and estimates 

sequence resources”

Workflow Examples from 
other fields – health care



Types of Controls

Internal controls 

• AKA Spike-ins
• Whole organisms or 

nucleic acids
• Can be added to a 

sample at different 
steps and assessed 
at the end

Parallel process 
controls 

• Performed as 
separate samples 

• Can be a positive or 
negative control

Positive controls 

• If a target is present, 
it can be identified 
with a specific 
workflow;  
important during 
workflow 
development and 
verification.

• Care should be 
taken to avoid cross 
contamination 
between positive 
controls and test 
samples*

Negative 
controls 

• Serve to identify 
potential 
contamination, 
false positives, 
background or the 
natural variation

• Multiple Negative 
controls will be 
needed

*NOTE: genetically labeled sequences and/or synthetic positive controls (engineered fragments that contain unique intermediary 
sequences) that can be easily distinguished from a true target based on sequencing should be implemented 



Positive control considerations

There are many sources for positive controls



Positive control considerations

Whole Cell 
Materials

Nucleic Acid 
(genomic/synthetic) 

materials

Homogenized 
Microbiome

Mock Microbiomes 
(engineered consortia)

Whole Cell + 
Matrix
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Materials come in several flavors – depending on the use they will provide different information



Negative control considerations



Negative control considerations

• Each step in a workflow should have a corollary negative control to 
serve to identify contamination at that stage of the workflow 
 will help capture kitome

• Should enable the identification of “background noise” or the natural 
variation present in negative samples 
 consider adding matched volumes to positive controls

• When chosen and incorporated correctly can enable setting cutoff 
values for positive confirmation, identify potential contamination and/or 
false positives in a workflow. 



Example: Controls for Actionable Calls in Biodefense Applications

Figure 2. Summary of controls and reporting guidelines for an AS workflow.
J AOAC Int, Volume 106, Issue 5, September-October 2023, Pages 1424–1430, https://doi.org/10.1093/jaoacint/qsad047

https://doi.org/10.1093/jaoacint/qsad047


Guidelines for Metagenomics

Food safety



Guidelines for Metagenomics



Considerations for workflow adoption
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Design

Build

Test

Learn
What question are you asking and what data do you 
need to answer it?

Design (and draw out) workflow for PP use case

What is NIST role?

Identify controls specific to PP for each step of the 
workflow 

Develop or adopt a set of minimum guidelines [e.g. 
low bio-mass guidelines published in 2025]



Experimental Design



Reference Materials

A catalog of Reference 
Materials

Bespoke Materials to 
support specific studies (e.g. 
Interlab studies, Interagency 

Asks)

Evaluation of commercial 
materials fitness-for-

purpose

“The culture-based compendial methods 
currently used to assess product purity 

(specifically to ensure absence of microbial 
contamination) typically take weeks, which is 
inadequate for patients in urgent need of life-

saving therapies.”

Relevant consideration
• Microbial RMs are often characterized by CFU which may not map 

well/accurately to molecular methods
• Not all bacterial reference materials are the same (even if they look the 

same) need to consider how the material preserved and characterize to 
know the limitations

• Metagenomics by itself can’t determine viability – many applications 
mentioned today (RMTM, food safety) are grappling with that issue



Convening + Standards Development



NIST’s Role 

We work on developing methods and supporting the use of reference materials and 

other standards in MGS workflows

NIST has a portfolio of reference materials to support MGS and experience developing 

bespoke/small batch materials 

We love to collaborate!
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Complex Microbial System Group (CMSG)
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QUESTIONS
Contact: SLS8@nist.gov
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