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Abstract

Culture collections contain cyanobacterial and microalgal strains as type species taxo-
nomical studies and future exploitation in basic and applied research. The Culture col-
lection of experimental strains, isolated from cold environments, at the Institute of
Botany CAS, Tiebon, Czech Republic, is a working non-public culture collection, i.e.,
the strains are being isolated and used in experiments, but they are not available for sale.
At present (June 2025), the culture collection contains 350 defined strains of cyano-
bacteria and microalgae isolated from Antarctica (168 strains), Arctic (148 strains), Eu-
rope (18 strains) and North America (14 strains). The origin of two strains is unknown.
The strains originate from snow/glacier (17 strains), lacustrine (39 strains), hydro-terres-
trial (24 strains), and terrestrial (72 strains) environments. It is planned to determine the
original environment of the remaining 198 strains in the near future. From a taxonomical
point of view, 153 strains belong to the Cyanophyceae class, 38 to the Trebouxiophyceae
class, 32 to the Chlorophyceae class, 23 to the Klebsormidiophyceae class, 8 to the
Zygnematophyceae class and 94 to the Xanthophyceae class. The Ulvophyceae and
Bacillariophyceae classes are both represented by a single strain. In addition, methods of
sampling, isolation, maintenance, and determination of strains are described.
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1. Introduction

Cyanobacteria and eukaryotic microal-
gae are essential components of the mi-
crobial communities in cold environments,
such as the polar regions, high mountains,
glaciers, tundra, lakes, and periglacial soils.
These ecosystems are characterized by ex-
treme and/or fluctuating conditions that in-
clude low temperatures, a short growing
season, freeze — thaw cycles, desiccation,
high UV radiation, and limited nutrient a-
vailability. Despite these harsh constraints,
diverse phototrophic microorganisms per-
sist in these habitats, being primary pro-
ducers, contributing to soil stabilization,
and nutrient cycling (Elster 2002, Elster
and Benson 2004).

A wide range of physiological and met-
abolic adaptation-acclimatization mecha-
nisms allows cyanobacteria and microal-
gae to survive in such environments.
These include the production of antifreeze
proteins, extracellular polysaccharides, spe-
cialized pigments, and modifications of
membrane composition and photosynthetic
machinery (Kviderova et al. 2019). Study-
ing these mechanisms not only enhances
our understanding of microbial life in ex-
treme conditions but also contributes to
broader ecological insights into global bio-
geochemical processes in rapidly changing
cold-climate ecosystems.

Beyond basic research, cold-adapted
strains have potential applications in bio-
technology and industry. Their ability to
grow at low temperatures and produce bio-
active compounds makes them promising
for use in the bioremediation of disturbed
areas, in cosmetics, as pharmaceuticals, as
biofertilizers, and in the food industry
(Kviderova et al. 2017). Furthermore, in-
sights into their stress resistance mecha-
nisms may lead to innovations in synthetic
biology and cryopreservation technologies.
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Culture collections keep microalgal
strains as type species for taxonomical
studies and for future exploitation in ba-
sic and applied research. At present, the
World Federation of Culture Collections
has registered 768 culture collections from
76 countries with WDCM-CCINFO and
131 of them have been registered with the
WEFCC as affiliate members from 49 coun-
tries with a total of 966 registered users
(WFCC 2025")). The first collections of
laboratory-maintained cyanobacteria and
microalgae were established at the end of
the 19" and beginning of the 20" century.
At that time scientific interest in the ex-
perimental study of microalgae performed
using defined strains was on the increase
(Day et al. 2004). The study of cyanobac-
teria and microalgae was closely con-
nected with the developing algal culturing
techniques at the Charles University in
Prague (Czech Republic). In 1913, Vaclav
Uhlit founded a collection of cyanobac-
teria from lichens, but he died in World
War I in 1915, and his collection disap-
peared. Between 1914 and 1916, Silvestr
Prat (1895-1990) followed the idea for the
study of strains in laboratory experiments
and showed the importance of microalgal
cultures for studies of plant physiology in
general and for phycology and hydrobi-
ology (algal bioassay) in particular. At
same time a centre of cultivation for mi-
croalgae was established within the Ger-
man section of the Charles University in
Prague by the newly appointed Professor
of Plant Physiology, Ernst Georg Pring-
sheim (1881-1970). Shortly before World
War II, Pringsheim took refuge in the
United Kingdom and took with him some
strains of microalgae to establish a collec-
tion in England (the Culture Collection
of Algae and Protozoa — CCAP). Several



strains were later used to help establish
culture collections in Germany (the Samm-
lung von Algenkulturen at Gottingen —
SAG), and in the USA (the University of
Texas at Austin — UTEX). The majority
of the Prague collection was moved to
Trebon in 1979 (Department of Phycol-
ogy, Institute of Botany, Czechoslovak
Academy of Science) and became part of
what is now the CCALA. At present, there
are about 438 different strains isolated
by E.G. Pringsheim and his wife Olga
available from the five culture collections
(CCALA, CCAP, SAG, UTEX and CAUP)
(Day et al. 2004).

Cyanobateria and microalgae have been
studied at the Department of Phycology,
the Institute of Botany at the Academy of
Science of the Czech Republic in Tiebon
since 1960. The research has been focused
on taxonomy and ecology, using several
approaches combined with molecular biol-
ogy, biochemistry, and physiology. Re-
cently, special attention is paid to organ-
isms and communities from extreme hab-
itats, such as polar and mountain eco-
systems or hot springs. Since 1988, re-
searchers at the Department of Phycology
have participated in many projects that
studied the ecology of cyanobacteria and
microalgae in polar and alpine ecosystems.
Field studies are followed by detailed aute-
cological, taxonomical, and ecophysiologi-
cal laboratory studies. The Phycology De-
partment and the Culture Collection of
Autotrophic Organisms (CCALA) partici-

2. Strain collection
2.1. Original locations

The strains were collected between
1988 and 2024 during field research at var-
ious cold environments around the world
(Fig. 1). Various environmental samples
were collected from the Arctic and Ant-
arctic regions, as well as from some tem-
perate mountains in Europe and North
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pated in the EUproject COBRA (The COn-
servation of a vital European scientific and
Bacteriological Resource: microAlgae and
cyanobacteria, No. QLRI-CT-2001-01645,
2001 — 2005) which helped to establish
cryopreservation technology across Euro-
pean culture collections (Day et al. 2005).

At present, the CCALA is a part of
the Experimental Garden and Gene Pool
Collections of the Institute of Botany of
the Czech Academy of Sciences in Tre-
boit (CCALA 2025 IBOT 2025"!) that
serves as a unique resource for taxonomic,
physiological, and experimental research.
It includes microalgal strains isolated from
Arctic and Antarctic locations, high-alti-
tude mountain habitats, and cryosoils in
North America and Europe. The availabili-
ty of these strains allows controlled studies
of their growth, stress response, and bio-
chemical properties (CCALA 2025,

Besides CCALA, there are several non-
public collections of experimental strains
at the Department of Phycology at the
Institute of Botany CAS in Ttebon. The in-
formation on strains is not usually availa-
ble for public, since the research on these
strains is continuing and some strains
could become subject of intellectual prop-
erty rights (patents, utility models etc.). In
this paper, the structure, composition, and
potential of the current non-public work-
ing culture collection of maintained cold-
environment cyanobacteria and microalgae
is presented.

America. In the Arctic, samples were tak-
en from northern Sweden (Abisko, Lap-
land), the Svalbard archipelago, Ellesmere
Island (Canadian Arctic) and Russia (Petro-
zavodsk: White Sea, Karelia, Russian Arc-
tic). Antarctic samples were taken from
maritime Antarctica; James Ross and Vega
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Islands (NE Antarctic Peninsula), King
George and Deception Islands (South
Shetlands Archipelago), South Georgia as
well as from continental Antarctica; Queen
Maud Land (East Antarctica) in the vicini-
ty of the Princess Elisabeth Station (Bel-
gium) and Showa/Syowa Station (Japan).
In addition, samples were gathered from
mountains; Slovakia (High Tatras), the
Swiss and Austria Alps, and the USA
(Arizona, Montana, New York State, Ver-
mont). This broad geographic range pro-
vides insights into the diversity and adap-
tations of microalgae in extreme climatic
conditions, as well as allowing compari-
sons with populations from polar and tem-
perate mountain regions.

During sampling, the GPS coordinates
were recorded using either a tourist-class
GPS receiver or a cell phone (6 = 2-5 m

depending on device and number of visible
satellites) for repeated sampling. If neces-
sary, the data were converted to decimal
format. For sampling sites map drawing,
geographical coordinates (longitude, lati-
tude) were processed using R software
(R 4.3.2, packages ggplot2 for data visuali-
sation, ggrepel for site labels).

The habitat types where the samples
and microalgal community were collected
are crucial for the selection of proper
isolation methods. Limnetic, hydro-terres-
trial and terrestrial environments are clas-
sified according to temperature stability
and water availability (Elster 2002, Elster
and Benson 2004). Snow fields and gla-
ciers are considered to be separate envi-
ronments with specific habitat types and
special microalgal communities (Table 1).
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Fig. 1. Map of the original localities of the strains in the culture collection (R 4.3.2, packages

geplot2, ggrepel).
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Environment Habitat Note Community Note
Glacier/snow glacier glacial algae growing on the glacier
surface surface
snow field persistent and snow algae  growing in melting snow
non-persistent
cryoconite sediment
Limnetic lake plankton growing in water column
benthos growing at bottom, not
forming any visible biofilm
or microbial mats
periphyton  forming visible biofilm or
microbial mats
epipelon growing on mud/fine sedi-
ment, not forming any visible
biofilm or microbial mats
epipsamnon growing on sand, not forming
any visible biofilm or
microbial mats
Hydro- streams glacier- and snow- periphyton
terrestrial fed streams
coastal freshwater to periphyton
pool brackish
small strictly freshwater periphyton
pools
seepage  water seeps from  periphyton
ground
wetland ~ no water seeps periphyton
Terrestrial glacial deglaciated soil edaphon growing in soil or on its
soil with low nutrient surface, not forming any
and organic carpet-like structures
content
soil crust forming any carpet-like
structures on soil surface and
reaching several cm below
soil well-developed edaphon
soil
soil crust
epipsamnon
sand epipsamnon
soil crust
wet rock  water sprayed epilithon growing on the rock surface
rock near a
stream, waterfall
rock Receive water epilithon
from melting
SNow,
precipitation or air
skeleton endolithon  growing inside a rock or

other solid natural or
artificial surface

Table 1. Types of polar environments and according to water availability and temperature
stability and related habitats and microbial communities (Elster 2002, Elster and Benson 2004).
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2.2. Sampling procedures

The sampling procedures were selected
according to the local environment, habi-
tat, and community types. The basic work-
flow is following: decision of sampling
strategy and photo-documentation of the
site » GPS measurement » measurement of
physico-chemical parameters (temperature,
PAR, pH, etc.) » sampling and in situ bio-
logical measurements if applicable (e.g.
variable chlorophyll fluorescence). The in
situ measurements depend on type of sam-
ple type, for instance, dissolved oxygen
concentration is not measured in soil. The
instrumentation changes in time as well,
for instance if some measuring device is
broken and is replaced by a new one, or
the GPS receiver could be replaced by a
cell phone. If novel methods are intro-
duced, typically -omics, the new protocols
are added. The sampling procedures were
optimized for the below-specified environ-
ments:

Snow: Surface snow was harvested us-
ing a shovel and placed in sterile plastic
containers. The samples were placed in a
thermos bottle to avoid rapid thawing.

Plankton: Plankton samples were tak-
en from the surface layer of lakes by
simply filling a sterile plastic bottle or us-
ing a van Dorn sampler. Before proceed-
ing to strain isolation, samples were con-
centrated using syringe and GF/C filters
(Whatman, UK).

Periphyton: Periphyton samples were
collected from both lentic and lotic envi-
ronments. In lake systems, the samples
were obtained from the littoral zone of dif-
ferent substrate types (rocks, sediments).
In streams, the sampling focused on cob-
ble and boulder surfaces with well-devel-
oped communities. The samples were col-
lected using the standard scraping tech-
nique with a toothbrush and spatula or
knife to remove the biofilm matrix. The
dislodged material was immediately rinsed
with the ambient water and placed in ster-
ile collection containers.
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Soil and biological soil crusts: Sam-
pling either takes place along transects or
within permanent plots. The transect-based
approach addresses the effects of environ-
mental gradients, such as elevation, pH, or
moisture, on the qualitative and/or quanti-
tative composition of microalgal commu-
nities. Transect length varies depending on
the site characteristics but remains fixed
throughout the study to maintain consis-
tency. The second approach focuses on re-
peated sampling at fixed plots to monitor
microalgal dynamics over time. Plot size
and the number of replicates depend on the
research objectives and typically range be-
tween 10 and 20 m*. Sampling targets the
layer of top-soil, up to 3-5 cm deep.

Sampling distinguishes between individ-
ual and composite soil samples. Individual
samples help detect species that form lo-
calized “blooms” or patches on the soil
surface. Each sample typically includes a
very thin soil layer (usually 3-5 mm) and
a small surface area (up to 10 cm?). Multi-
ple individual samples along a transect
allow for an evaluation of microalgal dis-
tribution patterns in relation to environ-
mental gradients.

Composite samples mainly support flo-
ristic assessments of particular locations.
They consist of 10 to 20 individual sub-
samples and may originate from transects
or permanent plots. To ensure representa-
tive coverage within plots, sampling points
follow a stochastic selection approach
(Hollerbach and Schtina 1969, Kostikov et
al. 2001).

Biological soil crusts (BSCs) undergo
separate collection. Sterile spatulas gently
remove the crusts from the soil surface.
The crusts display variability in colour
(black, dark or light green, brown), densi-
ty, and structure. When crusts are bound
tightly to the underlying soil, sampling in-
cludes the uppermost layer of soil.



Soil microalgae are typically studied us-
ing different approaches, including direct
microscopic observation, examination of
soil enrichment cultures, the use of contact
glass slides, and the inoculation of soil ma-
terial into liquid and solidified (agar) me-
dia. An important step in sample process-

2.3. Storage and transport

After collection, all types of samples
were placed in sterile containers or sealed
plastic bags. To prevent material degrada-
tion and preserve the native microbial com-
position, samples are either transported
cooled (at approximately +4°C) or frozen
(at —20°C), depending on the expected
transport duration and logistical condi-
tions. Upon arrival at the laboratory, the

CULTURE COLLECTION @IBOT

ing is the isolation of strains in monocul-
ture. Obtaining pure cultures enables accu-
rate taxonomic identification, detailed mor-
phological and molecular analyses, and the
use of these strains in experimental stud-
ies.

samples were stored under conditions con-
sistent with those in the field at the time of
collection until microbiological analyses
and the isolation of pure cultures were in-
itiated. The time between sampling and ini-
tiation of isolation ranges from several
days to several weeks. If the samples can-
not be used for isolated immediately after
arrival, they are kept in a freezer at —20°C.

3. Strain isolation, cultivation, and maintenance

3.1. Strain isolation

The strains were isolated by spreading
on agar plates. During isolation, the cul-
tures were kept at 10°C and 30 pmol m™s™
in a cultivation box. The strains were grown
on solid 2 BG-11 medium (Table 2) in
Petri dishes (Fig. 2A). The molar N:P ra-
tio of 100.7 indicates strong P limitation.
Since the pH of the medium without any
adjustment is ca 7.4 and the nutrient con-
tent is relatively low, the 2 BG-11 me-
dium (Allen 1968, Allen and Stainer 1968,
Rippka et al. 1979, Andersen 2005; Ta-
ble 2) is suitable for the majority of strains
that originate from oligotrophic conditions.
A low nutrient content and P limitation al-

3.2. Cultivation and maintenance

Similarly to isolation, strains are kept
at 10°C and 30 pmol m” s™ in a cultiva-
tion box. The strains were grown on solid
Y2 BG-11 (Table 2) or BBM (Table 3)
in Petri dishes or agar slopes in test tubes

so allows the selection of slow-growing
strains that could be out-competed by fast-
er growing strains in nutrient rich condi-
tions (Table 2).

For a limited number of Antarctic
strains (25%), isolation was started at the
field station to avoid delays due to the long
interval between sampling and arrival at
the laboratory in the Czech Republic.

Snow microalgae are kept in BBM me-
dium (Bold 1949, Bischoff and Bold 1963,
Andersen 2005; Table 3). This medium is
slightly acidic with a pH of 6.6. The N:P
molar ratio of 1.71 indicates extreme N
limitation (Table 3).

(Fig. 2). For experimental work, the strains
are transferred into liquid BG-11 medium
to make a strong inoculum and then trans-
ferred to experimental media that could be
different to BG-11 or BBM. For instance,
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% Simmer-Setlik medium (SS medium;
Zachleder and Setlik 1982; Table 4) is
used for large volume thin-layer pilot
plant cultivation (150/250 L; e.g. Rezanka

et al. 2025). The final pH of % SS is
neutral (pH 7) and the N:P molar ratio of
8 may indicate N limitation (Table 4).

Component Stock Quantity Final concentration in
Solution  used per L medium
of media
Original % BG-11
BG-11
Fe-citrate solution 1 mL see below
NaNO; - 15¢ 15gL" 0.75gL"
K,HPO,.3H,0 40gL'  1mL 004gL'  20mgL’
MgS0,.7H,0 75gL'  1mL 0.075gL" 37.5mgL’
CaCl,.2H,0 35gL"  1mL 0.035gL' 17.5mgL’
Na,CO; 20gL ImL 002gL'  10mgL’
Na-EDTA 1gL’ 1 mL 0.001 gL' 05mgL"
Trac; metals 1 mL see below
solution
Stock Quantity  Concentration
Solution  used per L in solution
of solution
Fe-citrate solution
Citric acid 6gL’ 1 mL 0.006 g L' 6ugL’ 3ug L’
Eieurrrrllcceilglggleo- 6gL’ 1 mL 0.006 g L' 6ugL’ 3ug L’
Trace metals
solution
H;BO; - 2.86¢g 286 gL’ 2.86mgL' 143mgL’
MnCL.4H,0 - 181¢g 181 gL’ 1.81mgL" 0.905mgL’
ZnS0,.7H,0 - 0.22¢ 022gL" 022mgL" 0.11mgL"
CuSO,5H,0  79gL' 1mL 0.079 gL 79ugl'  395ugL’
Na,Mo00,2H,0 - 0.391 g 0391 gL’ 391 pg L' 1955 pugL’
Co(NO»),.6H,0 494¢gL' 1mL 0.0494 gL' 494pugL' 247pgL’

Table 2. The composition of 2 BG-11 medium recalculated from Allen 1968, Allen and Stainer
1968, Rippka et al. 1979, and Andersen 2005, and resulting nutrient concentrations.

3.3. Cryopreservation of strains

Cryopreservation in liquid nitrogen
(-196°C) is used for long-term mainte-
nance of strains (Mori et al. 2002, Day et
al. 2005, Day and Brand 2005, Day et al.
2007, Elster et al. 2008, LukeSova et al.
2008). The cryopreservation facility at the
Department of Phycology, the Institute of
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Botany CAS, was established in 2001 as
part of the COBRA project (Day et al.
2005). The laboratory houses a Kryo 10
Series III planner for controlled freezing
(BioMed, USA; Fig. 3A) and two MVE
XLC 230 auto-fill cryostores (MVE Bio-
logical Solutions, USA; Fig. 3B).
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Component Stock Solution Quantity  Final concentra-
used per L tion in medium
of media

NaNO; 25gL" 10 mL 025gL"
CaCl,.2H,0 25gL" 10 mL 0.025gL"
MgSO0,.7H,0 75gL" 10 mL 75mgL"
K,HPO, 75gL" 10 mL 75mg L
KH,PO, 175¢gL" 10 mL 0.175 gL’
NaCl 25gL" 10 mL 25mgL!
EDTA solution 1 mL see below
Acid@fed iron 1 mL see below
solution
H;BO; 11.42gL" 1 mL 11.42 mgL’
Trace metals solution 1 mL see below
EDTA solution
EDTA 50gL’ 50 mg L™
KOH 31gL’ 31 mgL’
Acidified iron
solution
FeSO,.7H,0 0.498 g 100 mL" =498gL" 498 mg L
H,S0, (96%) 0.1 ml 100 mL" =1mlL’ lplL!
Trace metals
solution
ZnSO,.7H,0 882gL" 8.82mgL"
MnCl,.4H,0 1.44gL" 1.44mgL’
MoO; 071 gL’ 0.71 mg L™

Table 3. The composition of BBM medium (Bold 1949, Bischoff and Bold 1963, Andersen 2005).

During the COBRA project (Day et al.
2005), strains from CCALA were cryopre-
served to elucidate the stages at which crit-
ical damage during cryopreservation oc-
curs and this information was used to op-
timize the protocols for each group of mi-
croalgae. The following cryopreservation
protocols were tested (Day et al. 2005):

- One step protocol: direct to liquid N,
(I N,) with DMSO (dimethyl sulfoxide,
5% v/v) or no cryoprotectant;

- Two step protocol: cooling at —30°C
for 15 min. » 1N, with DMSO (5% v/v)
or methanol (10% v/v) as cryoprotec-
tants;

- Two step protocol: controlled cooling
at the rate of 1°C min™ to —40°C »
cooling at —40°C for 15 min. » 1 N, with
DMSO (5% v/v) or methanol (10% v/v)
as cryoprotectants.

The post preservation stability tests
and normal and abnormal post-storage re-
covery responses in a wide range of or-
ganisms were evaluated and the most ef-
fective method includes pre-treatment with
DMSO (5% v/v), followed by a two-step
protocol with controlled cooling at a rate
of 1°C min™" to —40°C » —40°C for 15 min.
» I N, (Day et al. 2005).
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Fig. 2. (A) Petri dish with microalgal colonies during strain isolation, and (B) the agar slope with

an isolated strain.

Fig. 3. The laboratory of cryopreservation at the Department of Phycology, Institute of Botany
CAS, Tiebon, (A) Kryo 10 Series III planner for controlled freezing (BioMed, USA) and (B) MVE
XLC 230 auto-fill cryostorages (MVE Biological Solutions, USA).

This two-step protocol with DMSO and
pre-treatment continuous cooling is cur-
rently applied for cryopreservation for
CCALA and the working collection of cy-
anobacterial and microalgal strains from
cold environments. For cryopreservation,
the cultures do not need to be axenic, how-
ever, a reduction of contamination load is
recommended for better recovery. Both
cultures growing in liquid or on solidified
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medium (agar) may undergo successful
cryopreservation. The majority of strains
of polar and alpine microalgae have been
successfully cryopreserved without any
special pre-adaption conditions (e.g. nitro-
gen deficiency). From our experience con-
firmed by other authors (refer to Day and
Fleck 2015 for overview), actively grow-
ing cultures in late exponential, linear or
early stationary growth phases generally



survive cryopreservation with greater via-
bility than those in late stationary or de-
clining growth phases, or those growing
under stressful conditions. Better resis-
tance of cultures growing on agar are sus-
pended and homogenised in a liquid medi-
um. Before cryopreservation, the cultures
are centrifugated, and no significant de-

4. Strain identification
4.1. Morphotypes

During the isolation and maintenance
of experimental stock cultures, the diver-
sity of morphotypes, contamination and
strain viability is checked using light and
fluorescence microscopy. The Olympus
BX-51 microscope (Olympus, Japan) is
equipped with Nomarski contrast (differ-
ential interference contrast), and fluores-

CULTURE COLLECTION @IBOT

crease in the vitality of centrifuged strains
was reported. Cultures are cryopreserved
in the medium used for cultivation with
the addition of DMSO (5% v/v).

At present, all strains isolated from
polar and alpine environments within the
microalgal collections at the Institute of
Botany have now been cryopreserved.

cence filter cube sets for DAPI, SYTOX®
Green and CTC staining (all Olympus,
Japan; Tashyreva et al. 2013). The mi-
crophotographs are taken using a DP-74
digital camera, and image analysis and
further image processing are performed
using cellSens Entry software (Olympus,
Japan).

For morphotype identification, the following keys are used:
- All groups: Hindak 1978, Kastovsky et al. 2018a, 2018b;
- For soil microalgae in general: Ettl and Gértner 2014;
- for Cyanobacteria: Hindak 2008, Komarek and Anagnostidis 1999, 2005;

Komarek 2013;

- for Chlorophyta: Ettl and Gértner 1986, Andreieva 1998;
- for Bacillariophyta: Krammer and Lange-Bertalot 1986, 1988, 1991a, 1991b;

- For Xanthophyceae: Ettl 1978.

After identification, the scientific names are verified using the AlgaeBase online

database (Guiry and Guiry 2025').

4.2. Molecular taxonomy

Molecular taxonomy is used to confirm
the morphological identification of iso-
lated strains and to clarify their phyloge-
netic affiliations. Total genomic DNA is
extracted from pure cultures using stan-
dard protocols (CTAB-based chloroform/
isoamyl extraction method or commercial
kits) adapted for cyanobacteria and micro-
algae.

For cyanobacteria, most commonly frag-
ments of the 16S rRNA gene and 16S-23S

ITS region is used. For eukaryotic microal-
gae, commonly applied markers include
the 18S rRNA gene, the ITS1-5.8S-1TS2
cluster, and plastid genes such as rbcL and
tufA (Leliaert et al. 2012, Darienko et al.
2015, Saraf et al. 2022).

Following DNA isolation, amplifica-
tion is performed using universal or group-
specific primers. PCR products are se-
quenced using the 3-step Sanger method.
The resulting sequences are compared

178



J. KVIDEROVA et al.

against reference databases (e.g., NCBI
GenBank, SILVA) using BLAST to ob-
tain a preliminary taxonomic classification.
To resolve the phylogenetic relationships
more accurately, phylogenetic trees are
constructed, primarily using maximum
likelihood and neighbour-joining methods.

For comparison of closely related taxa,
additional bioinformatic approaches may
be employed. In particular, hypothetical
secondary structures of the ITS rRNA re-

5. Polar and alpine strains overview

At present (June 20, 2025), the culture
collection of experimental strains contains
357 strains of cyanobacteria and microal-
gae. Identification to at least the level of
the genus of seven strains remains to
be completed using molecular taxonomy
methods. Therefore, these strains were not
used in further analyses. Two possible du-
plicates were discovered, Oscillatoria sp.
(JRO8) — Oscillatoria sp. (CCALA 879)
and Neocystis mucosa (BSC - 18 — 11a) —
Neocystis mucosa (CCALA 1141) and
for the purpose of this review they were
treated as separate strains. One additional
strain included a moss, Drepanocladus
longifolius (Amblystegiaceae, Hypnales;
CCALA 869) isolated from Esmeralda
Lake, Vega Island, Antarctic.

The polar strains, isolated from the Arc-
tic and Antarctic, including northern parts
of Europe (Abisko, Sweden) and North

5.1. Origin of strains

Most of the strains were isolated from
the Antarctic (168 strains, 48.0% of all
strains) and the Arctic (148 strains, 42.3%
of all strains). In Antarctica, the strains
predominantly originated from three re-
gions: Queen Maud Land (79 strains,
22.6% of the total), James Ross Island
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gion are predicted for the studied strains
and compared with secondary structures
of previously characterized and identified
taxa. This approach is especially useful
when dealing with cryptic species or in
cases where a high degree of similarity of
the primary nucleotide sequences does
not allow for reliable taxonomic resolution
(Coleman and Mai 1997, Coleman 2007,
Caisova et al. 2013).

America (Ellesmere Island — Canadian Arc-
tic), form major part, 92% (322 strains), of
the culture collection. Alpine strains that
originate from mountain regions outside
the Arctic and Antarctic were represented
by 19 strains from Europe and North
America. Five of them were obtained from
the Culture Collection of Cryophilic Algae,
Branch of Bioanalytics and Bioprocesses
(IZ1-BB), the Fraunhofer Institute for Cell
Therapy and Immunology, Potsdam-Golm,
Germany (CCCryo), and two of them from
the Culture Collection of Algae, the Col-
lege of Natural Sciences, University of
Texas at Austin, Austin, Texas, USA
(UTEX). Seven strains originated from
continental Europe (Belgium) and North
America (Montana, USA) from outside
the Arctic and as they are not alpine were
considered to be temperate.

(44 strains, 12.6% of the total) and Decep-
tion Island (33 strains, 9.4% of the total).
Eight strains were isolated from King
George Island (2.3%). A single strain was
isolated from each of South Georgia and
the Vega Islands (0.3% of the total; see
Fig. 4).
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Deception Island
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Fig. 4. Origin of strains in the experimental strain culture collection from individual main regions

and sub-regions (n = 350).

As for the Arctic, Svalbard was the
main source of strains (128 strains, 36.6%
of the total), followed by Abisko, Sweden
(10 strains, 2.9% of the total), Karelia —
White Sea vicinity, of the total Russian
Arctic (8 strains, 2.3% of the total) and
Ellesmere Island, Canada (6 strains, 1.7%
of all strains). A single strain (0.3% of
all strains) was obtained from snow near
Tromsg, Norway, and another from a
whale skeleton in Iceland (Fig. 4).

The other regions predominantly pro-
vided alpine microalgae; from the High
Tatra Mts., Slovakia (8 strains, 2.3% of the
total) and temperate strains from Montana,
USA (10 strains, 2.9% of the total). Two
strains (0.6% of the total) of snow algae
came from the Furka Pass, Switzerland,
and New York State, USA. A single strain
(0.3% of the total) of alpine snow microal-
gae came from the Austrian Alps, and
Arizona and Vermont, USA, and a tem-
perate strain from Belgium. Finally, the
original location of four strains (1.1% of
the total) was undetermined (Fig. 4).

The data on original habitats and com-

munities is less consistent since this infor-
mation is missing for 198 strains (56.6%
of the total), since some data from hand-
written field notes have not been digital-
ized yet. In the known original habitats, a
terrestrial environment dominates (47.4%
of the known environments), followed
by a lacustrine environment (25.7% of
the known environments). Hydro-terres-
trial and snow/glacier environments are
less common, representing 15.8 and 11.2%
of the known environments, respectively.
In terms of habitats lake, soil, and glacial
soil prevailed, making up 25.3%, 23.0%
and 17.1% of the known habitats, respec-
tively. The individual proportions of all
the other habitats made up less than 10%
of the known habitats (Fig. 5A). In terms
of the known original communities, most
strains were isolated from periphyton
(34.9% of the known communities), soil
crust (20.4% of the known communities),
and edaphon (19.1% of the known com-
munities), while the proportions of the
other individual communities make up less
than 10% of the total (Fig. 5B).
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Fig. 5. Proportions of strains originating from (A) individual habitat and (B) community types
(n = 152). The strains of unknown original habitat and community are not included.

5.2. Biological diversity of strains

The taxonomic composition of the cul-
ture collection strains is strongly driven by
the isolation methods used and capability
of a strain to grow in artificial conditions.
Therefore, the taxonomic composition de-
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termined by in situ metagenomic will dif-
fer from the taxonomic composition of
strains in the culture collection, this could
also reflect particular research interests.
In our culture collection, the majority of



strains belong to cyanobacteria (Cyano-
phyceae; 43.7% of the total) and yellow-
green algae (Xanthophyceae; 26.9% of the
total). Although green algae, i.e. Chloro-
phyta and Streptophyta, represent a total of
29.1% of all strains, they are split into five
classes: Chlorophyta » Trebouxiophyceae
(10.9%), Chlorophyceae (9.1%) and Ulvo-

CULTURE COLLECTION @IBOT

phyceae (0.3%); and Streptophyta » Kleb-
sormidiophyceae (6.6%) and Zygnemato-
phyceae (2.3%). Although diatoms are
dominant in the Polar Regions (Bacillario-
phyceae), there is only one strain available
of the genus Fistulifera sp. (0.3% of the
total; Fig. 6).

Cyanophyceae
Trebouxiophyceae
Chlorophyceae
Ulvophyceae
Klebsormidiophyceae
Zygnematophyceae
Bacillariohyceae
Xanthophyceae

I

—/

Fig. 6. Proportion of main taxonomic groups (at level of classes) of microalgae in the experimental

strain culture collection (n = 350).

Cyanobacteria (153 strains) is most
dominant and diverse (22 genera/38 spe-
cies) among the strains with nine cyano-
bacterial orders presented in the culture
collection (Fig. 7). The non-heterocytous
filamentous cyanobacterial strains are the
commonest, 77.8% of all cyanobacterial
strains, mainly belonging to the Oscillatori-
ales (37.9%) and Leptolyngbyales (30.7%)
orders with dominant genera Microcoleus
(28 strains), Phormidesmis (27 strains) and
Phormidium (25 strains; Figs. 7 and 8).
The contribution of other non-heterocytous
orders is less important (Coleofasciculales
— 1.3%, Gomontiellales — 0.7%, Nodosilin-
eales — 0.7%, and Psuanabaenales — 6.8%;
Fig. 7). Heterocytous filamentous types
are represented by Nostocales (20.9% of
all cyanobacterial strains) with the domi-

nant genus Nostoc (19 strains; Figs. 7, 8).
Unicellular or colonial types (Chroococ-
cales, Synechococcales) are rare (2 strains,
1.3% of all cyanobacterial strains) with
only two genera Chlorogloea and Syne-
chococcus (Figs. 7 and 8).

Chlorophyta (Fig. 9), i.e., classes Tre-
bouxiophyceae, Chlorophyceae and Ulvo-
phyceae are the most diverse group
(24 genera/ 43 species), although the num-
ber of strains (71) is lower than for Cyano-
phyceae and Xanthophyceae. Of the three
chlorophycean classes, Trebouxiophyceae
and Chlorophyceae prevail with 38 and
32 strains, respectively (Figs. 9 and 10).
Among the Trebouxiophyceae, the order
Prasiolales (18 strains) with the dominant
genus Stichococus (11 strains) makes up
almost half of the strains (Figs. 9 and 10).
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Fig. 7. Proportion of individual orders of class cyanobacteria among the strains in the culture

collection (n =153).
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Fig. 8. Number of strains of individual genera of class Cyanophyceae. The bar color corresponds

to the pie color of a given order in Fig. 7.

The other half of the strains belong to
the orders Chlorellales (10 strains) and Chlorella (6
Trebouxiophyceae ordo
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incertae sedis

(9 strains) with the dominant genera
strains) and Coccomyxa
(7 strains), respectively (Figs. 9 and 10).
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The genus of the snow microalga strains (Figs. 9 and 10). Finally, the Ulvo-
Chloromonas (15 strains) dominates in the phyceae class is represented by one strain
Chlorophyceae class with the Volvocales of Hazenia broadyi (Ulotrichales; Figs. 9
order; other genera contain one to four and 10).

=== Chlorellales

==== Microthamniales

=mmm Prasiolales

=mmm Trebouxiophyceae ordo incertae sedis
—— Chaetophorales

== Sphaeropleales

=== \/olvocales

== Jlotrichales

Fig. 9. Proportion of individual orders of Chlorophyta among the strains in the culture collection
(n = 71). Classes: Blue — Trebouxiophyceae; Yellow and orange — Chlorophyceae; Dark red —
Ulvophyceae.

Chlorella
Muriella /1
Pseudococcomyxa ]
Coelochlamys
Deuterostichococcus
Edaphochlorella
Prasiola
Raphidonema
Stichococcus
Coccomyxa
Elliptochloris
Koliellopsis
Stigeoclonium
Bracteacoccus
Chodatodesmus
Monoraphidium
Neocystis
Pseudomuriella
Chlamydomonas
Chlorococcum |20
Chloromonas
Ostravamonas [0
Sphaerocystis [

Hazenia
.F

0 2 4 6 8 10 12 14 16

H”HH”HH

Number of strains

Fig. 10. Number of strains of individual genera of Chlorophyta. The bar color corresponds to the
pie color of a given order and class in Fig. 9.
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In Streptophyta (Fig. 11), the second
evolution line of green algae, almost three
quarters of strains belong to a single ge-
nus Klebsormidium (Klebormidiales, Kleb-
sormidiophyceae, 23 strains; see Figs. 11
and 12). The Zygnematophyceae class is
only made up of eight strains in four gen-
era of which the genus Zygnema is the
most common (Figs. 11 and 12).

Although the number of strains, 94, in
the Xanthophyceae class (Fig. 13) is the

second highest number within the main
groups in the culture collection, the diver-
sity of this group is low (5 genera/10 spe-
cies). The majority of strains belong to the
order Tribonematales with the dominant
genera Tribonema (41 strains) and Hetero-
coccus (34 strains; Figs. 13 and 14). More-
over, Tribonema is the most common ge-
nus among all the strains in the culture col-
lection.

Klebsormidiales
Desmidiales
Spirogyrales
Zygnematales

| —

Fig. 11. Proportion of individual orders of Streptophyta among the strains in the culture collection
(n=31). Classes: yellow — Klebsormidiophyceae, green — Zygnematophyceae.

Klebsormidium

Actinotaenium

Cosmarium

Spirogyra

Zygnema

10

15 20 25

Number of strains

Fig. 12. Number of strains of individual genera of Streptophyta. The bar color corresponds to the

pie color of a given order and class in Fig. 11.
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—— Mischococcales
=== Tribonematales

Fig. 13. Proportion of individual orders of class Xanthophyceae among the strains in the culture

collection (n = 94).

Botrydiopsis |_]
Monodus

Heterococcus

Tribonema

Xanthonema

0 10 20

30 40 50

Number of strains

Fig. 14. Number of strains of individual genera of class Xanthophyceae. The bar color corresponds
to the pie color of a given order and class in Fig. 14.

6. Exploitation of isolated strains
6.1. Basic research

Molecular taxonomic data from the iso-
lated strains provides valuable information
for biological research. The deposited se-
quences of these strains are used in meta-
genomic profiling and DNA metabarcod-
ing, significantly accelerating the study of
the organismal diversity of a particular lo-

cation (Pushkareva et al. 2018, Mikhailyuk
et al. 2025). This approach enables a rapid
and efficient assessment of the commu-
nity composition and abundance, which
is essential in ecosystem monitoring and

environmental protection (Kacheva et al.
2022).
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Since the collection includes numerous
strains belonging to the same taxa (genera
and species) but isolated from different lo-
cations, these strains may serve as a val-
uable resource for large-scale studies on
phylogeny, evolution, and species distribu-
tion (e.g. Agostini et al. 2024, Strunecky et
al. 2010, 2012a, 2012b).

Isolated strains enable a variety of labo-
ratory experiments aimed at studying the
mechanisms of cyanobacterial and microal-
gal adaptation to environmental conditions
(Agostini et al. 2024). Using transcriptom-
ic methods, analyses of metabolic path-
way regulation, and photosynthetic activ-
ity measurements, it becomes possible to
investigate survival processes and func-

6.2. Applied research

The biotechnological exploitation of cy-
anobacteria and microalgae covers a broad
spectrum of applications, from waste-water
treatment to the production of high-value
compounds used in pharmacology (Arora
et al. 2021, Ahmad et al. 2022, Dawiec-
Lisniewska et al. 2022). The cyanobacteria
and microalgae from cold environments
have developed a complex system of adap-
tation-acclimation mechanisms including
the production of biotechnologically valu-
able compounds, for instance, polysatu-

tional cellular responses to stress factors
(Mock et al. 2008, Hopes et al. 2017,
Kolomiiets et al. 2025). Temperate strains
from CCALA or other culture collec-
tions, or isolated strains such as the one
from Belgium, serve as reference strains
for comparisons or inner laboratory stan-
dards. Such data helps an understanding of
the limits of organismal resilience and the
ecophysiological mechanisms of survival
(Orekhova et al. 2018). The application of
these data is valuable for biotechnological
development (Teneva et al. 2025) as well
as for predictions of ecosystem responses
to climate change (Holzinger et al. 2018,
Permann et al. 2022).

rated fatty acids (Rezanka et al. 2025) or
astaxanthin (Leya 2022). Since warming
of the Arctic opens up new opportunities
for the exploitation of natural resources,
and hence an increase in the human pop-
ulation in the area, the biotechnological
application based on local cyanobacterial
or microalgal strains could mitigate the im-
pact of human activities (e.g. bioremedia-
tion or waste-water treatment) and open up
new business opportunities for the local
people (e.g. biotechnological companies).

The ideal strain for putative biotechnological applications in low-temperature conditions
should have the following characteristics (Kviderova et al. 2017, extended):

- good growth/high biomass productivity at low temperatures (0-10°C);

- tolerance to higher temperatures (above 15°C);

- adapted to lower irradiances, but able to photoacclimate to higher irradiance;

- low nutrient demand;

- easy biomass harvest and processing;
- production of high-value compounds;

- local origin.

Bioprospection starts with small-volume
(200 pL to 100 mL) screening and testing
of several strains (e.g. Vasileva et al.2025).
Up-scaling of the cultivars of perspective
strains are performed through medium-
scale (1 to 20 L) and large-volume (150/
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250 L) pilot plant cultivation (see Fig. 15,
Table 5) during which the environmental
and biological parameters are continuously
monitored to establish the optimum bio-
mass/specific compound production.
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Fig. 15. (A) Outdoor large-volume (250 L) thin-layer photobioreactor pilot plant with Antarctic
Tetradesmus obliquus culture in late stationary phase at Institue of Botany CAS, Ttebon, Czech
Republic, June 2025, and (B) middle-volume (20 L) rotary panel photobioreactor containing
Neocystis mucosa CCALA 1141 culture in early exponential phase at Julius Payer House, Czech
Arctic Research Infrastructure, University of South Bohemia in Ceské Budgjovice, Longyearbyen,

Svalbard, June-July 2022.

7. Future development of culture collection

The collection of polar and alpine pho-
totrophic microorganisms is expected to be
expanded through the isolation of new
strains from a variety of cold habitats.
Special attention will be given to poorly
studied regions that may contain unique or
endemic microalgal species. The exchange
of strains with other microalgal collections
is also planned, with the aim of the mutual
enrichment of strain repositories and the
enhancement of the long-term preservation
of unique isolates.

Being competitive, our running project
(Biomass production from polar microal-
gae in Central European winter conditions,
TACR) aligns with the EU Bioeconomy
Strategy, creating an impact on the sus-
tainable European bioeconomy. In addi-
tion, designing and implementing innova-

tive bioprocesses are opening the way to
new circular value chains and biomanufac-
turing.

The isolation of polar and alpine mi-
croalgal strains which: (i) can produce val-
uable metabolites, leading to an in-depth
understanding of the mutual interactions
between environmental conditions, their bi-
ological functions and biotechnological po-
tential, and the cryopreservation of threat-
ened extremophilic genetic diversity; (ii)
enhance green bioprospecting for aquatic
bioactive substances, focusing on sustaina-
ble biotechnological processes and appli-
cations for bio-based product development,
and testing a new branch of biomanufac-
turing: low-temperature green biotechnol-
ogy performed in the winter conditions of
Central Europe.
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Stock Quantity  Final concentra-
solution used per L tion in medium
of media
Stock solution 1 10 mL
MgS04.7H20 98.8 gL 0.988 gL
Trace metals
elements 100 mL see below
Stock solution 2 10 mL
KNO; 202gL? 2.02gL"
CaCl,.6H,0 l1gL! 11mgL’
Fe-EDTA 18gL" 18mgL"
Stock solution 3 10 mL
KH,PO, 34gL! 034gL"
Concen-
tration in
Trace metals solution Stock sol. 1
H;BO; 3.086 gL 0.3086 gL' 3.086 mg L
MnSO,.4H,0 1.18 gL’ 0.118gL" 1.18 mg L™
C0S04.7H,0 1404 gL’ 0.1404 gL 1.404 mg L'
CuS0,.5H,0 1244 gL" 0.1244 gL" 1244 mg L'
ZnS0,.7H20 1.43gL" 0.143 gL' 1.43mgL’
(NH,)sM0,0,,4H,0 1.84 gL’ 0.184 gL’ 1.84mgL"
10g
NaOH 250 mL"  =40gL’ 1.5 mL 60 mg L

Table 4. The composition of ¥4 SS medium (Zachleder and Setlik 1982).

Microorganism Strain Origin Reference
Ankistrodesmus antarcticus CCAP 202/25 Antarctica Nedbalova et al. (2024)
Bracteacoccus bullatus CCALA 1120 g;e;'irrell Nevada, Lukavsky et al. (2023)
Chodatodesmus australis CCALA 1131 Antarctica Rezanka et al. (2021)
Monoraphidium sp. CCALA 1094 Antarctica Rezanka et al. (2017)
Neocystis mucosa CCALA 1141 Svalbard Rezanka et al. (2025)
Tetradesmus obliquus” Kastanek/Lukavsky Antarctica -

Tribonema cf. minus” CCALA 1160 Svalbard Lakatos et al. (2025)

Table S. Strains from the cold environments used for bioprospection and large-scale pilot plant cul-
tivation. Note: Not included in culture collection of experimental strains from cold environments.
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