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In their commentary in ISME Journal, Steen and coworkers
expressed concerns over my recent analysis about the cul-
turability of microorganisms [1, 2]. My analysis challenged
the long-standing and oft-repeated ‘1% culturability para-
digm’ stating that most microbes cannot be cultured. First
and foremost, I argue that the paradigm is poorly defined
but can be classified into at least three hypotheses: (H1) 1%
of cells in a community can be cultivated, (H2) 1% of taxa
in a community can be cultivated or (H3) 1% of cells in a
community grow when plated on a standard agar medium.
A second complication centers on how one defines whether
two organisms are the same vs. different, and studies
abound with discussions of this point [3]. A narrow defi-
nition of similarity will invariably lead to a low repre-
sentation of microbial communities in culture collections
due to the sheer abundance and sequence variants of
microorganisms. Depending on how one defines the pro-
blem, when something is the same or different, and the
specific environments in which it is tested, you get different
answers. However, I show that if you apply the most
common interpretation of the paradigm (H1) and the usual
definition of taxon similarity (~97% 16S rRNA similarity),
you reach the conclusion that many and especially abundant
lineages have already been cultured across diverse
environments.

Steen and coworkers commentary challenge this con-
clusion but do not identify which version(s) of the paradigm
they challenge. I do not doubt the quality of their analysis,
and the differences in their conclusion would seem to
support my original point that framing the problem matters.
I interpret their analysis as a test of H2 as they dereplicate

their sequence libraries and thereby remove taxon-
abundance effects. In my original analysis, the interpreta-
tion of H2 is sensitive to the inclusion of rare sequence
variants (Figure S5 in the original paper). Some of these
rare variants are real organisms, whereas others may
represent sequencing errors. Many recent culturing efforts
have focused on abundant lineages. Thus, the increased
representation of either rare members or sequencing errors
in your analysis should lead to a low observed culturability.
Steen and coworkers also advocate for a narrow definition
of taxon similarity. They state ‘that it is impossible to know
whether a microbe is culturable until it has been cultured’
and that ‘a great deal of genomic and phenotypic diversity
can exist among strains of the same species.’ Thus, it is not
surprising that they come to a conclusion that most micro-
bial taxa have not been cultured.

The different interpretations can be well illustrated with
the abundant marine cyanobacterium Prochlorococcus.
There are ~1027 Prochlorococcus cells in the ocean [4], and
we have ~50 diverse isolates in culture representing most
subclades [5]. Culture experiments have revealed much
about the shared physiology (and variation) of Pro-
chlorococcus, but sequencing has also revealed that key
traits and specific genotypes are missing among the isolates
[6–8]. Is Prochlorococcus culturable and/or cultured? The
answer differs depending on your criteria.

Personally, I have for many years taken the paradigm of
1% culturability as a discouragement for trying to isolate
microorganisms—and I suspect many others have been dis-
couraged, too. We are developing increasingly sophisticated
techniques for molecular in situ analyses of microbial com-
munities, whereas very few cultivation-based model systems
are proposed. However, some (but too few) studies have
revealed that traditional techniques like dilution-to-extinction
or using substrate-poor agar plates can lead to the isolation of
many abundant microbial lineages [9–11]. I hope to illustrate
with this work that, since the 1% culturability paradigm was
proposed, we have made great strides in culturing repre-
sentatives of abundant lineages from multiple environments,
and we should continue down this path.

* Adam C. Martiny
amartiny@uci.edu

1 Department of Earth System Science, University of California,
Irvine, CA 92697, USA

2 Department of Ecology and Evolutionary Biology, University of
California, Irvine, CA 92697, USA

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41396-019-0507-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41396-019-0507-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41396-019-0507-8&domain=pdf
http://orcid.org/0000-0003-2829-4314
http://orcid.org/0000-0003-2829-4314
http://orcid.org/0000-0003-2829-4314
http://orcid.org/0000-0003-2829-4314
http://orcid.org/0000-0003-2829-4314
mailto:amartiny@uci.edu


Compliance with ethical standards

Conflict of interest The author declare that he has no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Martiny AC. High proportions of bacteria are culturable across
major biomes. ISME J. 2019. https://doi.org/10.1038/s41396-019-
0410-3

2. Steen AD, et al. High proportions of bacteria and archaea across
most biomes remain uncultured. ISME J. 2019. https://www.na
ture.com/articles/s41396-019-0484-y

3. Rosselló-Móra R, Amann R. Past and future species definitions
for Bacteria and Archaea. Syst Appl Microbiol. 2015;38:
209–16.

4. Flombaum P, Gallegos JL, Gordillo RA, Rincon J, Zabala LL,
Jiao N, et al. Present and future global distributions of the marine
Cyanobacteria Prochlorococcus and Synechococcus. Proc Natl
Acad Sci USA. 2013;110:9824–9.

5. Biller SJ, Berube PM, Lindell D, Chisholm SW. Prochlorococcus:
the structure and function of collective diversity. Nat Rev
Microbiol. 2015;13:13–27.

6. Malmstrom RR, Rodrigue S, Huang KH, Kelly L, Kern SE,
Thompson A, et al. Ecology of uncultured Prochlorococcus
clades revealed through single-cell genomics and biogeographic
analysis. ISME J. 2013;7:184–98.

7. Rusch DB, Martiny AC, Dupont CL, Halpern AL, Venter JC.
Characterization of Prochlorococcus clades from iron-depleted
oceanic regions. Proc Natl Acad Sci USA. 2010;107:16184–9.
https://doi.org/10.1073/pnas.1009513107

8. Martiny AC, Tai APK, Veneziano D, Primeau F, Chisholm SW.
Taxonomic resolution, ecotypes and the biogeography of Pro-
chlorococcus. Environ Microbiol. 2009;11:823–32. https://doi.
org/10.1111/j.1462-2920.2008.01803.x

9. Giovannoni S, Stingl U. The importance of culturing bacter-
ioplankton in the “omics” age. Nat Rev Microbiol. 2007;5:820–6.

10. Joseph SJ, Hugenholtz P, Sangwan P, Osborne CA, Janssen PH.
Laboratory cultivation of widespread and previously uncultured
soil bacteria. Appl Environ Microbiol. 2003;69:7210–5. https://
doi.org/10.1128/AEM.69.12.7210-7215.2003

11. Chase AB, Karaoz U, Brodie EL, Gomez-Lunar Z, Martiny AC,
Martiny JBH. Microdiversity of an abundant terrestrial bacterium
encompasses extensive variation in ecologically relevant traits.
MBio. 2017. https://doi.org/10.1128/mbio.01809-17

The ‘1% culturability paradigm’ needs to be carefully defined 11

https://doi.org/10.1038/s41396-019-0410-3
https://doi.org/10.1038/s41396-019-0410-3
https://www.nature.com/articles/s41396-019-0484-y
https://www.nature.com/articles/s41396-019-0484-y
https://doi.org/10.1073/pnas.1009513107
https://doi.org/10.1111/j.1462-2920.2008.01803.x
https://doi.org/10.1111/j.1462-2920.2008.01803.x
https://doi.org/10.1128/AEM.69.12.7210-7215.2003
https://doi.org/10.1128/AEM.69.12.7210-7215.2003
https://doi.org/10.1128/mbio.01809-17

	The ‘1% culturability paradigm’ needs to be carefully defined
	Outline placeholder
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




