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Controls and Standards in Microbiome Research
The advancement of NGS based technologies has led 
to a rapid growth in the field of microbiome research 
and deciphering microbial community composition, 
function, and interactions. Many studies conclude that 
technical variability in microbiome processing methods 
leads to significant variations in results1-3. Most of the 
discrepancies in reporting are explained by differences 
among the methods for nucleic acid extraction, NGS 
library preparation, bioinformatic data processing, and the 
choice of reference databases. Despite the complexity and 
variation introduced by varying protocols and methods 
for each step of the microbiomics workflow, data is being 
generated at an unprecedented pace. In many cases, a lack 
of proper controls or comparison to microbiome reference 
materials means that important and high-impact 
conclusions cannot be reproduced or reliably compared to 
similar data sets.       

Commonly used and accepted controls or reference 
reagents are often called ‘standards’ because their inclusion 
and consideration allow for comparisons of methods, 
equipment, and protocols. Microbiome standards are 
imperative for microbial community profiling and analysis. 
Whereas the microbial compositions of experimental 
samples are variable and often unknown, microbiome 
standards provide a common, accurate, and consistent 
measurement as a basis for comparison. By providing a 
common control to measure and evaluate performance, 

microbiome standards indicate biases allowing users to 
verify and optimize methods, enable inter-lab comparisons, 
and ensure reproducibility.

How to Select the Appropriate Microbiome Controls
The principle of a microbiome standard is simple: use a well 
characterized, quantified, and known microbial input to 
perform experimental procedures and evaluate consistency 
of the output. Standards can then be run as a parallel quality 
control to experimental samples to evaluate the consistency 
of the method. The resulting profile provides a basis to 
calibrate and when needed, begin troubleshooting. Several 
different types of NGS Microbiome controls are available, 
each detecting different and sometimes overlapping parts 
of the complex microbiome processing workflow. This 
article is meant to aid in selecting the appropriate reference 
reagents and controls for your microbiome experiments.  

Mock Communities, True Diversity Reference, and 
Spike-in Controls
Several categories of microbiome reference reagents 
are available including microbial mock communities, 
true diversity reference material, and spike-in controls. 
Each category has overlapping characteristics, such as 
the use as positive controls, and each detects different 
biases throughout the microbiome analysis workflow.  

Mock Community Standards (Cellular)

Standards Suggested Applications

ZymoBIOMICS™ Microbial Community Standard • General optimization and benchmarking 
• Positive control for microbial lysis

ZymoBIOMICS™ Gut Microbiome Standard

• General optimization and benchmarking for gut microbiome 
workflows

• Assess cross-kingdom, strain-level resolution, and pathogen 
detection

ZymoBIOMICS™ Microbial Community Standard II (Log Distribution) • Assessing detection limit of whole workflows beginning with DNA 
extractions

Mock Community Standards (DNA)

ZymoBIOMICS™ Microbial Community DNA Standard • Optimization and positive control for library preparation and 
bioinformatics

ZymoBIOMICS™ HMW DNA Standard • Optimization and positive control for long-read sequencing library 
preparation and bioinformatics

ZymoBIOMICS™ Microbial Community DNA Standard II (Log Distribution) • Assessing detection limits of library preparation and bioinformatics

True Diversity Reference

ZymoBIOMICS™ Fecal Reference with TruMatrix™ Technology
• Assessing taxonomic assignment and bioinformatic processing 

parameters
• Enable inter-lab and inter-study data comparisons

Spike-In Controls

ZymoBIOMICS™ Spike-in Control I (High Microbial Load) • In situ extraction control and absolute quantification for high 
biomass samples

ZymoBIOMICS™ Spike-in Control II (Low Microbial Load) • In situ extraction control and absolute quantification for low biomass 
samples

Table 1 – Microbiome Standards and Controls Suggested Use

https://www.zymoresearch.com/products/zymobiomics-microbial-community-standard
https://www.zymoresearch.com/products/zymobiomics-gut-microbiome-standard
https://www.zymoresearch.com/products/zymobiomics-microbial-community-standard-ii-log-distribution
https://www.zymoresearch.com/products/zymobiomics-microbial-community-dna-standard
https://www.zymoresearch.com/products/zymobiomics-hmw-dna-standard
https://www.zymoresearch.com/products/zymobiomics-microbial-community-dna-standard-ii-log-distribution
https://www.zymoresearch.com/products/zymobiomics-fecal-reference-with-trumatrix-technology
https://www.zymoresearch.com/products/zymobiomics-spike-in-control-i-high-microbial-load
https://www.zymoresearch.com/products/zymobiomics-spike-in-control-ii-low-microbial-load


The categories of microbiome standards and suggested 
applications are listed in Table 1. 

Mock communities are accurately quantified and well-
defined artificial microbial communities that act as 
ground truths of known composition and abundance. On 
the other hand, a true diversity reference is created from 
a specified natural source, such as human stool, stabilized 
and homogenized to be a common and consistent control 
material containing a true-to-to life microbial profile 
and diversity. Finally, while mock communities and true 
diversity references are meant to be used in parallel to 
experimental samples, spike-in controls are added directly 
to experimental samples and processed within each 
sample. The defined abundance of the spike-ins’ unique 
species allows for absolute cell number quantification and 
quality control for each individual sample.

Cellular Mock Community Standards

Mock communities generated from whole cells are the 
most commonly used microbiome standard because they 
function as positive controls for the entire workflow. But 

perhaps more importantly, cellular mock communities 
such as the ZymoBIOMICS™ Microbial Community 
Standard are used to optimize and compare microbial lysis 
methods4-5 because they contain equal abundances of 
species with a wide range of cell wall recalcitrance and cell 
size. By comparing the resulting profile to the theoretical 
profile, the ability of the lysis method can be assessed. 
For example, if the Gram-negative bacteria in the mock 
community profile are observed to be in excess while the 
Gram-positive bacteria are deficient compared to the 
theoretical abundance, the lysis method may struggle to 
break open thicker cell walls. 

Additionally, site-specific microbial standards are another 
type of mock communities with their own uses. For 
example, the ZymoBIOMICS™ Gut Microbiome Standard 
contains 21 microbial strains from 3 kingdoms to allow for 
the evaluation of methods analyzing the gut microbiome 
and to act as a general positive control6-7.

Finally, log-distributed mock community standards, such 
as the ZymoBIOMICS™ Microbial Community Standard II 
(Log Distribution), contain species at different abundances 
ranging from 102 – 108 cells per prep. This logarithmic 

Application

Mock Community (Cellular) Mock Community (DNA)
True 

Diversity 
Reference

Spike-In Controls

ZymoBIOMICS™ 
Microbial 

Community 
Standard

ZymoBIOMICS™ 
Microbial 

Community 
Standard II (Log 

Distribution)

ZymoBIOMICS™ 
Gut Microbiome 

Standard

ZymoBIOMICS™ 
Microbial 

Community 
DNA Standard

ZymoBIOMICS™ 
Microbial 

Community 
DNA Standard 

II (Log 
Distribution)

ZymoBIOMICS™ 
HMW DNA 
Standard

ZymoBIOMICS™ 
Genuine Fecal 
Standard with 

TruMatrix™ 
Technology

ZymoBIOMICS™ 
Spike-in Control 
I (High Microbial 

Load)

ZymoBIOMICS™ 
Spike-in Control 
II (Low Microbial 

Load)

D6300 D6310 D6331 D6305 D6311 D6322 D6323 D6320 D6321

General 
Microbiome 

Samples
P P

Fecal Samples P P P P P

Assessing 
Detection Limit P P

Long Read 
Sequencing P P P

High Diversity P

Internal
Spike-ins P P

Targeted
(16S, ITS) 

Sequencing  
P P P P P P P P P

Metagenomic 
(Shotgun) 

Sequencing
P P P P P P P P P

Table 2 – ZymoBIOMICS™ Standards, References, and Controls

https://www.zymoresearch.com/products/zymobiomics-microbial-community-standard
https://www.zymoresearch.com/products/zymobiomics-microbial-community-standard
https://www.zymoresearch.com/products/zymobiomics-gut-microbiome-standard
https://www.zymoresearch.com/products/zymobiomics-microbial-community-standard-ii-log-distribution
https://www.zymoresearch.com/products/zymobiomics-microbial-community-standard-ii-log-distribution


distribution of species enables users to evaluate the 
detection limits of their microbiome analysis workflow8.

DNA Mock Community Standards
Mock community standards made with purified microbial 
genomic DNA are more often used to detect biases and 
as optimization tools because they are utilized as input 
for library preparation rather than at the beginning of the 
workflow. DNA mock community standards such as the 
ZymoBIOMICS™ Microbial Community DNA Standard can 
be utilized to control biases associated with library prep 
and bioinformatics9-10. The optimization can be focused on 
library prep by first aligning NGS reads generated from 
the standard only to the genomes within the standard. 
After library prep has been optimized, the bioinformatics 
pipeline can be evaluated by aligning NGS reads against an 
entire reference database.

Similar to the cellular version, log distributed DNA standards, 
such as the ZymoBIOMICS™ Microbial Community DNA 
Standard II (Log Distribution), are used to assess detection 
limits but for library prep and bioinformatics pipelines.

Furthermore, an emerging technology for metagenomic 
analysis and genome assembly is long-read sequencing, 
often referred to as 3rd gen sequencing. Critical to long-
read sequencing library prep and bioinformatics is high 
molecular weight DNA. The ZymoBIOMICS™ HMW DNA 
Standard is the only commercially available high molecular 
weight mock community, and has been used to evaluate 
sequencing chemistries and bioinformatic tools for long 
read sequencing11-12.

True Diversity Reference
A true diversity reference is control material from a specified 
natural source that contains a complete, unchanging 
microbiome. In contrast to mock communities which 
have a quantified, known, and defined composition, the 
microbial composition of a true diversity reference is 
naturally derived. The ZymoBIOMICS™ Fecal Reference with 
TruMatrix™ Technology* is the first commercially available 
true diversity reference stabilized for long-term and lot-to-
lot consistency. This reference features the high microbial 
diversity of a real fecal sample as well as a wide range of 
abundance.

Run-to-run and user-to-user consistency can be assessed 
on the same sample for each experiment. Reference 
materials can also be used to test system suitability 
by challenging experimental methods with actual 
source material. Bioinformatic analysis and taxonomy 
assignment are challenged with the added complexity of 
an unchanging true diversity sample. Since the microbial 
composition is static, the abundance and composition 
are stable and therefore allow users to assess method and 
analysis consistency. 

Spike-in Controls
Unlike mock communities and true diversity references, 
spike-in controls offer different functions when added 
directly to experimental samples. The ZymoBIOMICS™ 
Spike-in Controls are composed of very unique species, 
alien to the human microbiome as well as many others. This 
enables them to be spiked into samples without interfering 
with the native microbiome. The defined composition of 
these species enables the quantification of the absolute 
cell number within the unknown sample, when analyzed 
with NGS-based microbiome methods. Furthermore, an 
emerging use of these spike-in controls is as in situ quality 
controls, meaning that it can be used as a positive control 
for every sample rather than a positive control for a whole 
run. This is very useful for NGS-based pathogen diagnosis. 

Two spike-in controls are available for different sample 
types. The ZymoBIOMICS™ Spike-in Control I (High Microbial 
Load) is meant for high biomass samples such as stool. The 
ZymoBIOMICS™ Spike-in Control II (Low Microbial Load) is 
meant for low microbial biomass samples such as sputum 
and bronchoalveolar lavage (BAL) fluid.

Choosing a Microbiome Standard
The past several years has seen an explosion in the demand 
for microbiome standards, controls, and references that 
provide different and specific utilities. The scientists at 
Zymo Research share a passion for creating and providing 
the world with tools to improve microbiome data accuracy 
and reproducibility. As a result, the ZymoBIOMICS™ line 
of standards, references, and controls provides a range 
of utility for various microbiome applications. Additional 
information about the standards and applications can be 
found in Table 2. 

*TruMatrix™ is a trademark of The BioCollective.

https://www.zymoresearch.com/products/zymobiomics-microbial-community-dna-standard
https://www.zymoresearch.com/products/zymobiomics-microbial-community-dna-standard-ii-log-distribution
https://www.zymoresearch.com/products/zymobiomics-microbial-community-dna-standard-ii-log-distribution
https://www.zymoresearch.com/products/zymobiomics-hmw-dna-standard
https://www.zymoresearch.com/products/zymobiomics-hmw-dna-standard
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https://www.zymoresearch.com/products/zymobiomics-spike-in-control-i-high-microbial-load
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Learn More About the ZymoBIOMICS™ Microbiome Standards at

www.zymoresearch.com/pages/microbiome-standards
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