
Chlorella: 125 years of the green survivalist

Lothar Krienitz1, Volker A.R. Huss2, and Christina Bock3

1 Leibniz-Institute of Freshwater Ecology and Inland Fisheries, D-16775 Stechlin, Germany
2 Plant Molecular Physiology, Department Biology, University of Erlangen-Nürnberg, D-91058 Erlangen, Germany
3 Biodiversity, University of Duisburg-Essen, D-45141 Essen, Germany

Forum
Chlorella, the archetype of unicellular green algae, is a
high-performance primary producer in aquatic and terres-
trial ecosystems. Under the simple spherical morphology
of Chlorella, many other ‘green balls’ unfolded as inde-
pendent phylogenetic lineages as a result of convergent
evolution. By contrast, green algae with strikingly differ-
ent phenotypes were unmasked as close relatives of
Chlorella by modern molecular techniques. Here, we
point to the increasing impact of these diverse protists
on ecology, evolution, and biotechnology in the light of
integrative taxonomy.

Chlorella: a model organism in plant science
Unicellular green algae of the genus Chlorella belong to the
most popular photosynthetic protists. These tiny solitary-
living and simply propagating plants exemplify the perfect
experimental model organism representing physiological
and biochemical properties of green micro- and macro-
phytes. In pioneering work, fundamental processes of plant
physiology, such as photosynthesis and nitrate reduction,
have been studied in Chlorella [1]. Because Chlorella
cultures are easy to handle and exhibit predictable growth
performances, they have been favoured in laboratories of
plant physiology and algal test agencies. Their versatility
in algal mass cultivation systems established Chlorella as
preeminent candidates for diverse biotechnological appli-
cations [1,2]. In some countries, Chlorella extracts are even
used for medical treatment because of their immune-mod-
ulating and anticancer properties [2].

In 2015, we celebrate the 125th anniversary of the
description of the type species Chlorella vulgaris, the
archetype of coccoid green algal ‘balls’.

From field to laboratory
The outstanding Dutch microbiologist Martinus Willem
Beijerinck described C. vulgaris in 1890 based on sponta-
neous cultures established from water samples collected in
a small pond near Delft [3]. Already at the type locality, C.
vulgaris occurred in such dense blooms that Beijerinck
stated: ‘The green colour was almost as strong as that of the
grass at the shore; through a water layer of one centimetre
block letters couldn’t be read’ ([3] p. 726, translated from
1360-1385/

� 2014 Elsevier Ltd. All rights reserved. http://dx.doi.org/10.1016/j.tplants.2014.11.005

Corresponding author: Krienitz, L. (krie@igb-berlin.de).
Keywords: green algae; microphyte phylogeny; biodiversity; phenotypic adaptation;
mass cultivation; model organism.
German). Limnologists may appreciate this witty modifi-
cation of measuring the water transparency when a Secchi
disc is not available. Its ability to grow within days to
extremely concentrated suspensions in simple culture me-
dia inspired biologists to use Chlorella as a model organism
to study basic biochemical and physiological aspects that
might also be applicable to higher plants (i.e., land plants).

Evolutionary diversity of Chlorella

Despite its wide recognition by physiologists, ecologists,
and systematists, this uniform, enigmatic, and spherical
creature was always a subject of misinterpretation. More
than a hundred taxa of ‘green balls’ were wrongly desig-
nated as Chlorella. According to the original taxonomic
definition [3], chlorelloid green algae are characterized by
coccoid, unicellular, globular, or ovoid cells, which repro-
duce exclusively by autosporogenesis lacking flagellated or
sexual stages. With the introduction of chemotaxonomy to
Chlorella and other taxa, until then only applied to pro-
karyotes, a milestone was set by E. Kessler in the form of a
modern system for the taxonomy of such morphologically
indistinguishable algae [4]. This approach was later ex-
tended by the comparison of molecular markers, such as
ribosomal RNA genes [1]. Today, the state of the art is to
combine multiple markers from different cell compart-
ments or, if possible, to infer phylogenies based on entire
organellar genomes. Together, these studies revealed that
many taxa formerly sailing under the flag of Chlorella
evolved in independent lineages within the green algal
classes Chlorophyceae and Trebouxiophyceae, with strik-
ing diversity of biochemical and physiological traits. There-
fore, the simple spherical phenotype of Chlorella sensu lato
is the result of convergent evolution and hides a huge
evolutionary history [1]. Accordingly, the term ‘Chlorella’
reflects more a life form than a taxonomic entity. By
contrast, peculiar green algae of different phenotypes, such
as needles and spined or gelatinous colonies, convention-
ally placed into other taxonomic entities were found to be
close relatives of Chlorella [5].

The first complete genome sequence of a ‘real’ Chlorella
was established for Chlorella variabilis, an intracellular
photobiont of the ciliate Paramecium bursaria, and has
brought about significant advancement in the knowledge of
green microalgae. For example, it unveiled the unexpected
presence of meiosis-specific genes (although this alga, as
with most other trebouxiophytes, is putatively asexual)
and of orthologs for land plant phytohormone-related
genes, and it suggested capture of metabolic genes for
the production of chitinous cell walls by horizontal gene
transfer [6]. Comparative genomics of further Chlorella
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species and other green algae will promote the detection of
unsuspected biological functions in green protists, the
optimization of biotechnological applications, and the un-
derstanding of the evolution of the green plant lineage.

Modern systematics supports new insights into science
and application
Over the past 15 years, our understanding of the taxonomy of
Chlorella has changed radically. Based on integrative tax-
onomy (i.e., applying a multidisciplinary approach combin-
ing classical and modern methods, such as molecular
phylogeny and bioinformatics), a new system was estab-
lished. This natural system differs completely from the
traditional artificial system of Chlorella and its relatives
based on morphology (Figure 1) [7]. It reflects the real
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entities and provides decisive clues for experimental ecology,
plant physiology, and biotechnology to select the most con-
venient strains and interpret results within an evolutionary
framework. This period of change is mirrored by new activi-
ties in algal culture collections, ecological laboratories, and
biotechnological companies. Consequently, the inventory of
culture collections hosting myriad Chlorella and Chlorella-
like strains has now started to be checked and revised,
revealing the real phylogenetic position of widely used
strains for experimental studies. Numerous new strains
from inland waters of different continents were isolated
and promoted to shape the family Chlorellaceae. A cryptic
diversity of ‘green balls’ was discovered in manifold aquatic
and terrestrial habitats, resulting in the designation of
new genera and species [8,9]. New strains with interesting
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physiological and biochemical features were discovered from
exotic habitats, such as salty, acidic, or alkaline waters,
leaves of tropical rainforest trees, and the pelt of sloths
[9,10].

For a long time, ecologists were unaware of the wide
diversity of the spherical green algae, although Chlorella
and its relatives belong to the most common aquatic,
terrestrial, and aerophytic algae with ubiquitous distribu-
tion. Now, ecologists are discovering the role of these
survivalists as primary producers in different ecosystems,
and have revealed their high degree of flexibility in phe-
notypic adaptation [11]. The exhibition of spines in Micrac-
tinium, for example, was found to be a response to grazing
pressure [5], and production of mucilage by spherical green
algae of the Dictyosphaerium phenotype arose from inter-
actions and resource competition in the ecosystem, leading
to polyphyletic lineages within the Chlorophyta [11]. Biol-
ogists marvel at the unexpected diversity of Zoochlorella-
like endosymbionts in ciliates, sponges, and other lower
animals [12]. Biotechnologists are able now to discriminate
Chlorella from other genera and can appreciate the wealth
of particular intra- and extracellular substances, such as
lipids, amino acids, and carbohydrates of Chlorella-like
algae, and their potential use as a source of animal feed
and human nutrition, cosmetics and pharmaceuticals, or
renewable energy [2,13].

Current research and application of the model organism
Chlorella and its huge relationship reflect the new trend of
using integrated taxonomic knowledge to explore the ecol-
ogy, the bioresource potential, and the evolution of green
plants.
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