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From “synthetic” to defined microbial
communities for clearer terminology
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Consortia of microbial isolates, also known as
synthetic communities (SynComs), are increas-
ingly used to study and harness microbe-
microbe and microbe-host interactions. Since
“synthetic” potentially evokes negative con-
notations, we propose adopting the term
“Defined Microbial Community” for practical
applications.

Microbiomes are increasingly studied to drivemedical, environmental,
and biotechnological innovations. Understanding their functions and
how to modulate them is a powerful tool in tackling global challenges
related to food safety and security, climate change, ecological
restoration, as well as animal and human health. In recent years,
microbiome research and applications have undergone a conceptual
transition. Early strategies focused on the application of single strains
to modulate host or environmental outcomes. However, the limited
ecological stability and efficacy of these approaches have prompted a
shift towards more complex, yet defined, microbial consortia that
better capture the taxonomic and functional microbiome diversity1

(Box 1). For example, the application of defined root-associated con-
sortia to Arabidopsis thaliana and crop plants were shown to improve
resilience and promote growth under biotic and abiotic stress2,3. Plant
growth enhancing effects of multi-species consortia were also
observed infield trials4. Inhumans, the shift from traditional probiotics
to consortia-based formulations, also referred to as live biother-
apeutics, marks a significant advancement in gut health5.

BOX 1
Case studies on the application of microbial consortia in funda-
mental research and applied settings
Plant microbiome—fundamental research
Carlström and colleagues conducted drop-out and late-

introduction experiments by inoculating Arabidopsis thaliana with
Defined Microbial Communities under gnotobiotic conditions (ori-
ginal publication: SynComs) derived from a resource of 62 native

bacterial strains, testing how arrival order shapes community
structure in the phyllosphere27. The study aimed to understand the
assembly rules governing the establishment of plantmicrobiota and
to determine the extent to which microbial community members
interact, specifically examining how priority effects shape phyllo-
sphere community structure. The results showed that community
assembly is historically contingent and subject to priority effects,
with missing strains able to invade an already established micro-
biota to varying degrees, while the established community as a
whole remained largely resistant to and unaffected by latecomers.
System: Arabidopsis thaliana phyllosphere; scale gnotobiotic

plant assays (axenic system with host and amended strains); com-
plexity: 62 bacterial strains belonging to 42 genera; design: the
strains are native phyllosphere isolates to capture the natural
microbial diversity.
Plant microbiome—microbial consortium application
Fonseca-García and colleagues analyzed the impact of a Defined

Microbial Community (original publication: SynCom) on the native
rhizosphere community of sorghum as well as the host response to
Defined Microbial Community application under both gnotobiotic
and field conditions28. By this, the authors could evaluate strain
growth patterns within the Defined Microbial Community under
different growth conditions and effect of Defined Microbial Com-
munity application on the host phenotype with focus on potential
drought stress resilience. The amendment of the Defined Microbial
Community in the field impacted community composition without
affecting the abundance patterns of its members within the native
rhizosphere community. This community modulation impacted the
plant transcriptome and resulted in an increase of plant biomass
under normal irrigation condition.
System: Sorghum bicolor rhizosphere; scale: in vitro (no host),

gnotobiotic plant assays (sterile system with host) and in the field
(native community with host); complexity: 57 bacterial strains
belonging to 16 genera; design: strains were selected either based
on network analysis or based on their ability to use sorghum exu-
dates for growth.
Human microbiome—fundamental research
Becker and colleagues designed a Defined Microbial Community

of humangut bacteria (SIHUMI) to recapitulate themain functions of
thewhole ecosystem29. Theydevelopedanexperimentalmodel that
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enhances reproducibility between studies and can be used as a
backbone community amendable with additional strains to func-
tionally investigate microbe-microbe and microbe-host interac-
tions. Gnotobiotic rats colonized with SIHUMI shared several
features of conventionally colonized animals: short-chain fatty acid
production, mucin degradation, bilirubin metabolism, and respon-
ses to diet. In subsequent studies, the model community was used
to investigate effects on diet-induced obesity and intestinal
inflammation.
System: human gut; scale: in vitro (no host) and gnotobiotic ani-

mals; complexity: 7 to 8 bacterial strains in the original model;
design: strains were selected based on expert knowledge of their
metabolism, interactions, and occurrence in the human gut.
Human microbiome—microbial consortium application
Louie and colleagues tested the effects of the Defined Microbial

Community VE303 on the recurrence of Clostridioides difficile
infection (CDI)30. The primary objective was to determine the
recommended VE303 dosing for a phase 3 trial. High-dose appli-
cation of VE303 significantly lowered recurrent CDI in high-risk
adults. VE303 was well tolerated with mostly mild gastrointestinal
adverse events, supporting progression to a larger phase 3 study to
validate the results.
System: human gut; scale: in vivo, phase 2, randomized, double-

blind, placebo-controlled, dose-ranging trial; complexity: 8 strains
mostly Clostridium clusters IV, XIVa, and XVII; design: The strains
were isolated from healthy human donors and tested in different
mixtures in the cefoperazone mouse model of CDI.

Intentionally assembled microbial communities are often referred
to as synthetic communities (SynComs). Their design and use for
studying community dynamics represent a convergence of ecological
theory, systems biology, and translational research. As model systems,
they enable precise investigations of community dynamics and meta-
bolic interactions, paving the way for robust and reproducible micro-
biome interventions. However, the term is used inconsistently across
disciplines, creating confusionwithin andbetween researchfields. This is
partly due to the term’s semantic association with synthetic biology,
even though its usemost often refers to consortia of naturally occurring,
non-genetically modified microorganisms in host-microbiome and
environmental systems. Rightly or wrongly, this inconsistency may
contribute to public skepticism toward microbiome applications and
hinder their use inmedicine, foodbiotechnology, sustainable agriculture
and environmental applications. A clearer and more representative ter-
minology is therefore needed to support effective communication and
broader societal uptake of microbiome-based products.

SynComs to test causal relationships in microbiomes
The term “synthetic”was originally introduced inmolecular biology to
describe a cell constructed de novo in the laboratory. Over time, its
meaning broadened with the establishment of the field of synthetic
biology encompassing a wide range of microbial engineering efforts,
including organisms designed for biomanufacturing or bioprocessing.
One of the earliest applications of the term “synthetic” to microbial
communities was in 2006, in a study assessing how sampling size
affects taxa–area relationships6. In 2008, Kim et al. introduced the
term “synthetic community”, defining it as a deliberately designed,
artificial community, without implying that the bacterial species co-

occur in nature7. The prefix “Syn”- in SynCom historically derives from
the word synthetic, but is linked to the Greek prefix “syn”, meaning
“together” or “united”. From this perspective, SynComs can be framed
within synthetic ecology, which involves the rational design and tar-
geted manipulation of microbial community composition. These
communities, with reduced complexity and increased controllability,
allow researchers to study the dynamics and functions of microbial
communities8. This differs from synthetic biology, which typically
involves the genetic modification of microorganisms9.

In recent years, interest in SynComs has grown rapidly. Numerous
review articles cover their application in different systems10–12, and
general aspects13 including underlying ecological principles14 and best
practices for design15,16. However, the criteria used to define what a
SynCom is vary across studies. The term SynCom has been used to
described intentionally assembled communities of cultured strains
(bottom-up design)11,13,15. Alternatively, it refers to communities shaped
through ecological pressures or host selection that reduce the com-
plexity of naturally occurring microbial communities (top-down
design)11; we refer to these as “modified natural communities” (Fig. 1).
Furthermore, the term SynCom has evolved in its usage. Originally
intended to describe communities used to studymicrobial interactions,
or host-microbe interactions, it now also refers to multi-strain applica-
tions such as probiotics and biopesticides17. This expansion in usage
raises questions about public acceptance of the term SynCom. The
semantic association with genetic engineering and synthetic biology
contrasts with the way the scientific community often uses the term
SynCom to describe a consortium of non-genetically modified micro-
organismsderived fromnatural sources.Moreover, the term “synthetic”
is inherently ambiguous and often carries negative connotations due to
a common preference for “natural” over “synthetic”, described as
natural-is-better or naturalness bias18. We therefore recommend
avoiding the term “synthetic” in the context of microbial applications.

Fig. 1 | Overview of microbiome-based amendments to modulate the function
and/or composition of a recipient natural community. Shown from left to right:
inoculationwith aDefinedMicrobial Community, amodifiednatural community, or
whole community transplant. While the strains chosen for a Defined Microbial
Community may not originate from the same natural donor community, the
composition should be ecologically informed and supported by evidence on
interactions and stability.
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Defined microbial communities for microbiome modulation
The intentional modulation of microbiomes to perform desired func-
tions is referred to as microbiome engineering. Typically, this process
is guided by fundamental scientific principles and quantitative design
to create microbiomes that perform desired functions19. Microbiome
engineering represents an intentional alteration of microbial com-
munities using direct or indirect processes, or a combination of both.
Examples of indirect processes include host dietary intervention and
application of exogenous compounds (e.g., prebiotics). Whereas,
direct approaches include the introduction of single microorganisms,
defined microbial communities, modified natural communities, and
direct microbiome transplantation into recipient microbial commu-
nities. In the context of microbiome engineering, multi-strain inocu-
lants are sometimes called “SynComs”20.

Here, we propose using the term “DefinedMicrobial Community”
for consortia consisting of multiple cultured and well-described
microbial strains that are deliberately assembled in the laboratory
(Fig. 1). The use of this term as an alternative to “SynCom” is not new
and has been primarily, though not exclusively, used in medical
microbiology21,22. Defined Microbial Communities are produced by
intentionally combining knownmicrobial strains,which should be part
of well-characterized collections of taxonomically classified strains,
preserved for long-term use. The community designmay be guided by
the functional and ecological properties of its members in the system
of interest, ensuring compatibility, successful establishment, and
performance within the target environment. Defined Microbial Com-
munities may or may not contain genetically modified microorgan-
isms, although the inclusion of the latter may incur regulatory
approval requirements that can delay or restrict their use and appli-
cation. In contrast to Defined Microbial Communities, microbiome-
based applications involve introducing modified natural communities
or whole community transplants (e.g., soil or fecal) to functionally
improve a recipient microbiome (Fig. 1). These modified natural
communities are not intentionally designed and assembled in the
laboratory but rather arise from processes such as cell-size fractiona-
tion and enrichment based on metabolic properties. They represent a
subset of a natural donor community and include enrichment cultures,
or undefined starter cultures, which may contain as-yet uncultured
microorganisms. Although the composition of these modified natural
communities is not fully controlled, they should be thoroughly char-
acterized before use23 and their natural donor communities should be
selected on evidence-based criteria. Modified natural communities
may lack reproducibility and standardization across experiments or
applications because they are not deliberately assembled.

Further considerations
ASynCom is often defined as a “synthetic community”, however the use
and interpretation of the term vary across research fields, underscoring
the potential benefits of aligning terminology and guidelines for
reporting. Achieving a consensus on scientific concepts and terminol-
ogy for microbial communities intended as regulatory-approved pro-
ducts is essential to ensure consistency across existing regulatorypaths,
which differ for genetically modified and non-modified microorgan-
isms. More precise and unambiguous definitions will make it easier to
navigate approval processes within diverse legislative frameworks.
Although regulatory frameworks for various microbial consortia appli-
cations are still evolving24, multi-species products can be approved
similarly to single-strain products if their composition is clearly defined.
For example, the regulatory frameworks for live biotherapeutic

products include both single strains andmicrobial consortia as recently
summarized25. In the EU, the regulation for microbial plant biostimu-
lants (EU Regulation 2019/1009)26 allows principally the use of “con-
sortia of microorganisms”. The proposed term “Defined Microbial
Community” aligns well with this regulatory language, but emphasizes
“defined” to indicate a specified, reproducible composition of inten-
tionally assembled, well-characterized strains. Additionally, the term
avoids negative connotations and thus might help accelerate the
implementation of microbiome-based solutions in human medicine,
agriculture, food production, and environmental management.
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