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Abstract 
 
Chromera velia is an apicomplexan alga uniquely positioned as the closest photosynthetic relative to apicomplexan parasites 
(Sporozoa), which include the human pathogens that cause malaria (Plasmodium) and toxoplasmosis (Toxoplasma). Under 
favorable conditions, C. velia forms motile zoospores that contribute to dispersal and possibly host interaction. However, 
zoospores coexist with other developmental stages in culture, making their isolation technically challenging. Previous 
studies characterized the phototactic behavior of zoospores in several taxa, yet this response has not been used to separate 
motile zoospores from mixed cultures. Other reported methods for zoospore recovery relied instead on physical or chemical 
principles such as passive filtration, differential centrifugation, or column-based purification, all of which can compromise 
zoospore motility and viability through mechanical shear or osmotic changes. To address this limitation, we developed a 
non-invasive, simple, and effective method for rapid zoospore isolation depending entirely on their negative phototaxis 
response. Using a directional light gradient, the method enables reliable collection of active, motile zoospores without 
specialized equipment or chemical treatments. Our protocol is straightforward to reproduce, relies on standard laboratory 
equipment, can be completed in under two hours, and yields a zoospore fraction of sufficient quality for live-imaging, 
motility assays, and downstream molecular and -omics applications. It may also be adapted to other flagellated protists with 
light-responsive motile stages.  
 
 

Key features 
● Requires basic experience with algal culturing and access to a light-controlled environment.  
● A typical 7-day pre-cultivation period is needed for Chromera velia to initiate and reach peak zoosporogenesis. 
● Provides a rapid procedure for isolating C. velia zoospores that can be fully completed within 1–2 h, including material 

preparation. 
● Enables downstream experiments with clean, motile zoospore populations for physiological, behavioral, molecular, or 

-omics analyses. 
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Graphical overview 
 

 
 
 

Background 
 
Sitting at the evolutionary crossroads between photosynthesis and parasitism, Chromera velia (Apicomplexa, Apicomonada 
[1]) is a photoparasitic alga and the closest known photosynthetic relative of apicomplexan parasites, the group 
encompassing the causative agents of malaria (Plasmodium) and toxoplasmosis (Toxoplasma). Chromera velia has been 
isolated from the scleractinian coral Plesiastrea purpurea using a method developed for isolating intracellular coral 
symbionts. These symbionts, usually dinoflagellates, reside within coral tissue and support the host by supplying 
photosynthetically derived carbon, receiving carbon dioxide and protection in return. Chromera velia was initially presumed 
to have a similar life strategy [2]. However, Cumbo et al. [3] demonstrated that, unlike dinoflagellate symbionts that invade 
the endoderm of coral larvae via the oral pore, C. velia was also found in the ectoderm, indicating active penetration from 
the outside. Additionally, transcriptomic analyses of C. velia–infected coral larvae revealed expression patterns indicative 
of a host–pathogen interaction rather than a mutualistic association [4]. 
Chromera velia has a complex life cycle that is fully maintained under laboratory conditions (Figure 1). It includes immotile 
stages such as coccoid cells (Figure 2A), autosporangia, zoosporangia (Figure 2B), and cysts, as well as highly motile, 
biflagellate zoospores (Figure 2C). The process that produces zoospores is called zoosporogenesis [5]. The zoospore is the 
only life stage believed to penetrate host cells, as it contains a primitive apical complex, in the form of a conoid 
(pseudoconoid), a structure known from parasitic apicomplexans [6,7]. Thus, C. velia plays a significant role in our 
understanding of the evolutionary origin of parasitism [8]. 
Beyond C. velia, zoosporogenesis and the release of motile cells depend heavily on the biology and life cycle of each 
organism and its adaptation to its environment. The release of zoospores can be triggered by various biotic and abiotic 
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factors, including osmotic stress, salinity, temperature, pH, nutrient availability, wave motion, and light intensity [9]. In C. 
velia, zoosporogenesis is induced particularly in response to specific light wavelengths and medium composition [5,10]. 
Appearance of zoospores has been well documented under 12/12 h light/dark (LD) conditions [2,5]. Zoospore numbers peak 
between 7 and 10 days after culture inoculation and 6 h after the onset of illumination [6,10]. Except under red light, C. velia 
zoospores display negative phototaxis in response to all tested light spectra, actively swimming away from the light source. 
Their average swimming speed is estimated at approximately 2 cm/min [10]. A persistent challenge in the study of C. velia 
has been the reliable isolation of clean zoospore populations, free from coccoid and other non-motile stages, which is crucial 
for downstream applications such as gene expression analysis, behavioral assays, and physiological studies. The phototactic 
behavior of zoospores has been characterized in several taxa, including Ulkenia sp. zoospores [11], Allomyces sp. [12], and 
Ulva sp. [13]; however, these studies focused on identifying the wavelengths eliciting positive or negative phototaxis and 
did not exploit this response as a separation principle. To our knowledge, the present protocol is the first to use phototaxis 
directly as a means of purifying motile zoospores from a mixed culture. Previously reported methods for recovering 
zoospores or other flagellated stages in related systems rely instead on physical or chemical principles. Passive filtration 
through nylon or polycarbonate meshes has been used to collect zoospores in oomycetes and chytrids [14,15], differential 
centrifugation has been applied to actinomycete zoospores [16], and column-based purification, such as anion-exchange 
chromatography of Eimeria sporozoites [17], has been conducted, all of which can compromise zoospore motility and 
viability by mechanical shear or osmotic change. By contrast, our method is non-invasive, and its selectivity is driven entirely 
by the behavior of the zoospores—negative phototaxis. Using a directional light source and a standard U-shaped glass tube, 
only actively swimming zoospores migrate into the collection arm of the U-tube, yielding a population of intact, motile cells 
suitable for live-cell imaging, motility assays, and downstream molecular analyses. Furthermore, this low-cost approach 
may be adapted for other flagellated protists exhibiting light-responsive motility. 
 

 
 
Figure 1. Representative stages of Chromera velia cultures and isolated zoospores. (A) A 31-day-old stationary culture 
(OD600 = 0.78) was used as inoculum, compared with a 7-day-old early exponential culture (OD600 = 0.05) enriched in 
zoospores used for isolation. (B) Concentrated zoospore fraction visible as a brownish layer at the tip of the tube after 
isolation (arrow). 
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Figure 2. Brightfield light microscopy and chlorophyll autofluorescence of Chromera velia developmental stages. 
Upper row: Brightfield images. Lower row: Corresponding chlorophyll autofluorescence (red signal). (A) Coccoid cell 
containing a single, well-developed plastid. (B) C. velia zoosporangium containing six zoospores. (C) Isolated zoospores 
fixed with 4% paraformaldehyde. 
 
 

Materials and reagents 
 
Biological materials 
 
1. Chromera velia [2] (National Centre for Marine Algae and Microbiota, Maine, USA; catalog number: CCMP 2878) 
 
Reagents 
 
1. Sea salt: Tropic Marin PRO REEF (Tropic Marin, catalog number: 10581) 
2. Guillard F/2 marine enrichment solution (Sigma-Aldrich, catalog number: G0154) 
3. Distilled water (Milli-Q or equivalent) 
4. Azoxystrobin (Azo) (TraceCERT®) (Sigma-Aldrich, catalog number: 43854) 
5. Dimethyl sulfoxide (DMSO) (≥99.5%, suitable for plant cell culture) (Sigma-Aldrich, catalog number: D4540) 
6. Ethanol 70% (v/v), prepared from absolute or 96% ethanol with distilled water; for surface sterilization, typical exposure 
time 1–2 min (optional) 
7. Bleach solution 1% (v/v), prepared by diluting commercial bleach stock solution [Savo Original, Unilever; ~3%–5% 
(w/v) sodium hypochlorite] 1:5 in distilled water (optional) 
 
Solutions 
 
1. Guillard’s medium (F/2 medium) (see Recipes) 
2. Azoxystrobin stock solution (2 mM) (see Recipes) 
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Recipes 
 
1. F/2 medium 

Reagent Final concentration Quantity or volume 
Tropic Marin PRO REEF sea salt 33.3 g/L  33.3 g  
Guillard F/2 marine enrichment solution (50×) 1× 20 mL  
Azoxystrobin 2 mM stock 1 mL  
Distilled water (Milli-Q or equivalent) - To 1 L 
KOH or HCl to adjust pH to 7.9–8.1 - - 

Note: Prepare the medium using distilled water (Milli-Q or equivalent). Sterility is achieved by filtration (0.22 μm). 
 
2. Azoxystrobin stock solution (2 mM) 
Prepare the stock solution by dissolving azoxystrobin powder in DMSO (≥99.5%) to a final concentration of 2 mM. 
 
Laboratory supplies 
 
1. Cell culture flask, T-75, surface: suspension, filter cap (Sarstedt, catalog number: 83.3911.502) 
2. Micropipette tips with filter, 5 mL (Dualfilter T.I.P.S.®) (Eppendorf, catalog number: 0030078616) 
3. Micropipette tips with filter, 1 mL (Axygen MaxyMum Recovery) (Corning Life Sciences, catalog number: TF-1000-R-
S) 
4. Micropipette tips filter, 200 μL (Axygen MaxyMum Recovery) (Corning Life Sciences, catalog number: TF-200-R-S) 
5. TPP® centrifuge tubes, 50 mL (Sigma-Aldrich, catalog number: Z707708) 
6. TPP® centrifuge tubes, 15 mL (Sigma-Aldrich, catalog number: Z707724) 
7. U-shaped glass tube, 50 cm long [custom-made; borosilicate glass (SIMAX), outer diameter 22 mm, wall thickness 1.8 
mm, height ~350 mm, spacing between arms 50 mm, KAVALIERGLASS, a.s.; see Figure S1 for detailed specifications] 
Note: Comparable commercially available or laboratory-assembled U-shaped tubes with similar geometry and approximate 
dimensions can be used as an alternative.  
8. 96-well round-bottom plates (Techno Plastic Products, catalog number: 92696) 
9. Aluminum foil (standard laboratory-grade) 
 
 

Equipment 
 
1. White light source (PowerGlo, Hagen Group®, or equivalent; 380–720 nm, 100 μmol/m2/s) 
2. Portable lux meter (e.g., Delta OHM, model: HD 2102.1) 
3. Spectrometer (Sven Bio Labs, model: Byonoy Absorbance 96) 
4. Inverted light microscope (Motic or equivalent, 100× magnification) 
5. Temperature-controlled incubator or growth chamber set to 26 °C (WTW, model: TS 606CZ/2) 
 
 

Procedure 
 
A. In vivo separation of C. velia zoospores from the culture 
 
A1. Estimation of the condition of your C. velia strain 
 
1. Maintain C. velia cultures in F/2 medium in T-75 cell culture flasks at 26 °C using a temperature-controlled incubator, 
under stationary conditions (no shaking).  
2. Apply a 12/12 h light/dark regime controlled by an automated timer, using a white light source (380–720 nm).  
3. Prior to the experiment, culture ~100 mL of C. velia stock for at least one month (Figure 1A). Stationary phase is typically 
reached after approximately one month of growth under the described conditions, characterized by high cell density (OD600 
≥ 0.4–0.5), although this may vary slightly depending on culture conditions.  
4. Inspect the stock culture regularly under an inverted light microscope to ensure it remains free of bacterial or fungal 
contamination. 
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Notes: 
1. Maintaining the C. velia culture within a cell culture flask allows rapid and minimally invasive monitoring of the cells 
using an inverted microscope. If multiple C. velia cultures of varying age or uncertain condition are maintained in the 
laboratory, we recommend assessing their suitability before zoospore isolation by inoculating 15 mL of fresh F/2 medium 
and observing their zoospore production (detailed in sections B and C) over a period of 10 days. 
2. Due to variability in the microscope field of view across different instruments, zoospore abundance is assessed 
qualitatively based on the relative proportion of actively motile cells rather than absolute counts.  
Critical: Be careful when using LED light sources, as the blue spectrum is critical for zoosporogenesis [10]. We recommend 
the PowerGlo light source as it is designed for marine photosynthetic microorganisms and corals, providing an enhanced 
blue spectrum (420–460 nm) and a UV-A component.  
 
A2. Measurement of optical density 
 
Note: To trigger zoosporogenesis for subsequent zoospore isolation, a two-step dilution approach is recommended.  
 
1. Prepare a starter culture of C. velia by diluting a stationary phase C. velia stock (at least one month old, OD600 ≥ 0.5) in a 
fresh F/2 medium to reach an OD600 of 0.1 (intermediate culture; ic), verified by a direct measurement using a spectrometer. 
2. Calculate the volume of intermediate culture needed to inoculate the working culture (zoosporogenesis culture; zc) at a 
final nominal density of OD600 = 0.003, using the dilution equation Vic × ODic = Vzc × ODzc and inoculate fresh F/2 medium 
by the corresponding aliquot.  
Note: If your stock culture is too dense to measure directly (typically above ~1, depending on the spectrometer), prepare a 
serial dilution series (e.g., 10×, 100×, 1,000×).  
 
3. Measure OD600 at least three times to minimize measurement deviation.  
Example: You have a stock culture with OD600 = 0.78 (dark-brown culture, Figure 1A). You want 15 mL of fresh C. velia 
zoosporogenesis culture with OD600 = 0.003. In this case, you need first to dilute the original culture 7.8 times by inoculating 
128 μL of the C. velia culture into 872 μL of fresh F/2 medium. Then, inoculate 450 μL of this intermediate culture into 
14.55 mL of fresh F/2 medium to obtain 15 mL of zoosporogenesis culture at a nominal OD600 = 0.003 (a further 33.3-fold 
dilution).  
 

1st 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑂𝑂𝑂𝑂(𝑠𝑠𝑠𝑠)
𝑂𝑂𝑂𝑂600(𝑖𝑖𝑖𝑖)

                  Example: 0.78
0.1

= 7.8 𝑥𝑥 

 
𝑉𝑉(𝑖𝑖) = 𝑉𝑉(𝑖𝑖𝑖𝑖)

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
 𝜇𝜇𝜇𝜇                           Example: 1000

7.8
= 128 𝜇𝜇𝜇𝜇 

 
 
2nd 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑂𝑂𝑂𝑂(𝑠𝑠𝑠𝑠)

𝑂𝑂𝑂𝑂600(𝑧𝑧𝑧𝑧)
                Example: 0.1

0.003
= 33.3 𝑥𝑥 

 
𝑉𝑉(𝑖𝑖) = 𝑉𝑉(𝑧𝑧𝑧𝑧)

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
 𝜇𝜇𝜇𝜇                          Example: 15000

33.3
= 450 𝜇𝜇𝜇𝜇 

 
Where sc is stock culture, ic is intermediate culture, zc is zoosporogenesis culture, OD600(sc), OD600(ic), and OD600(zc) are 
their respective optical densities, and V(i) and V(zc) denote the volume of inoculum and final culture volume.  
 
Critical: Maintain the OD600 of the inoculum as recommended. Higher densities may interfere with the protocol's 
effectiveness, resulting in fewer or no isolated zoospores.  
 
Notes:  
1. Prior to beginning the isolation procedure, clean the work surface by wiping with 70% ethanol and allow it to air-dry for 
1–2 min. 
2. Any standard spectrometer can be used to measure the OD600 of the culture. However, it is important to use the same 
instrument throughout your work with C. velia cultures, as instruments from different manufacturers may have different 
sensitivity. 
3. At high optical density values (typically above ~1), measurements may fall outside the linear detection range of the 
spectrometer and lead to inaccurate estimates.  
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A3. Observing and counting zoospores in C. velia culture 
 
Notes:  
1. This step is recommended for first-time users but is not mandatory for routine isolation. 
2. Although the process of zoosporogenesis has been described in detail (see the Background for more information and 
sources), each C. velia culture may behave slightly differently due to variations in cultivation protocols between laboratories. 
Observing zoosporogenesis under your specific laboratory conditions prior to isolation will help you select a culture free 
of visible contamination and with a high proportion of motile zoospores and estimate the optimal day for isolation, typically 
corresponding to the peak abundance of zoospores in the culture (usually around day 7 ± 3 days, depending on culture 
conditions). 
 
1. Zoosporogenesis is a light-driven developmental process. On the peak day (in our hands, day 7 was the optimal), the 
zoospores release starts within the first hour of illumination, peaking at the sixth hour and therefore best harvested at the 
fifth hour.  
2. For accurate zoospore observation, homogenize the culture by manual agitation (e.g., by inverting the flask 3–5 times). 
Then, allow the cell culture in the flask to settle on the stage of the inverted microscope.  
3. C. velia zoospores are photophobic (rapidly moving away from the light source); therefore, adjust the focal plane to the 
bottom of the flask, where they will accumulate, as inverted microscopes have an upper-mounted light source. 
4. To quantify zoospores, use a 10× objective (100× magnification). Zoospores are identified based on their active motility, 
while non-motile coccoid cells are excluded from counting. Count all motile zoospores present within the field of view. 
5. Zoospore quantification should be performed in at least three independent experimental runs to minimize counting errors. 
If enumeration of the entire field of view is not possible, count a predefined fraction of the view (such as one-half, one-third, 
one-quarter, etc.) and then apply the appropriate multiplication factor.  
Note: The technique described above for counting zoospores is a fast and non-invasive approach to quantify the number of 
zoospores in the culture. It also ensures that only zoospores, and not coccoid cells, are counted. This method enables 
detection of any abnormalities within your culture (see Troubleshooting). It will provide information about the 
zoosporogenesis progression, whether it is occurring, whether it started as expected, and whether zoospore abundance is 
increasing or declining, all of which can be compared with your previous observations. 
 
A4. Preparing a zoospore-enriched culture for isolation 
 
1. To prepare a zoospore-enriched culture, first dilute a stationary-phase C. velia culture (at least one month old, OD600 ≥ 
0.5) into fresh F/2 medium to a final OD600 of 0.1. Then, calculate the volume of starter culture required to reach a final 
nominal density of OD600 = 0.003, using Vic × ODic = Vzc × ODzc, and inoculate fresh F/2 medium by the corresponding 
aliquot. The final volume depends on the capacity and number of U-tubes to be used. 
Example: For six U-tubes with an inner volume of 125 mL each, prepare 100 mL of F/2 medium per tube. Each U-tube will 
be topped with one-fifth of its volume (25 mL) of C. velia culture, with an additional 25 mL prepared as a backup reserve. 
2. Maintain the culture under stationary conditions (no shaking) in a temperature-controlled incubator at 26 °C, under 100 
μmol/m2/s illumination (verified with a lux meter) under a 12/12 h light/dark regime. (Optional) Check the culture daily by 
light microscopy for the presence of zoospores, 6 h after illumination. 
3. On the seventh day (Figure 1A), 5 h after illumination, proceed with zoospore isolation according to the detailed steps in 
section A5.  
Note: The zoospore-enriched fraction typically contains ≥400 zoospores per field of view (100× magnification) of motile 
zoospores, as estimated by light microscopy. 
Critical: For efficient isolation, the zoospore-enriched culture should contain approximately ≥400 zoospores per field of 
view (100× magnification). Lower zoospore densities may significantly reduce isolation efficiency. 
 
A5. Isolation of viable C. velia zoospores 
 
0. (Optional) Pre-concentration: 
a. Transfer the zoospore-enriched cultures into 50 mL centrifuge tubes. 
b. Incubate the open 50 mL tubes under the light source for 15 min. Zoospores will begin accumulating at the conical tips 
of the tubes.  
c. Discard, by pipetting, the upper 30 mL consisting of F/2 medium with floating C. velia coccoid cells. 
d. Proceed to the next step with the remaining 20 mL containing C. velia zoospores and coccoids. 
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1. Prepare the U-tube system: 
a. Light-proofing: Wrap one arm of the U-tube with aluminum foil to block light from entering that side. To maintain 
darkness, make a removable aluminum lid for the top of the wrapped arm. (See the graphical overview and Video 1 for 
details.) 
b. Securing the U-tube: Place the U-tube in a stable transparent stand, ensuring both arms are vertical. A standard lab beaker 
is suitable. 
c. Loading the medium: Fill a U-shaped glass tube with sterile F/2 medium, leaving the top 1/5 free to layer the C. velia 
culture. 
Example: For a 125 mL total tube volume (50 cm long, inner diameter 0.8 cm), add 100 mL of F/2 medium, leaving 25 mL 
of free space.  
d. Equilibration of the tube: Allow the sterile F/2 medium to settle undisturbed for 5 min. 
 

 
 
Video 1. In vivo isolation of motile zoospores from Chromera velia culture. Step-by-step demonstration of the light 
gradient–based in vivo isolation procedure for motile zoospores from a liquid culture of C. velia. The video shows 
preparation of the U-tube apparatus, partial shielding to create a directional light gradient, addition of zoospore-enriched 
culture, incubation, and subsequent collection of the upper fraction from the darkened arm. Motile zoospores exhibit 
negative phototaxis and migrate toward the shaded region of the tube, where they accumulate and can be separated from 
non-motile coccoid stages. The procedure is performed using live cells without chemical fixation. 
 
2. Inoculation: 
a. Thoroughly mix the C. velia culture containing active zoospores by gentle manual shaking of the cultivation flask. 
b. Carefully pour the C. velia culture into the unwrapped arm of the U-tube alongside the sterile glass rod (see Video 1 for 
details). The added culture should occupy 1/5 of the U-tube volume. 
Critical: Avoid moving or shaking the U-tube to prevent disturbing the medium. Do not pour the C. velia culture directly 
into the U-tube. The flow rate should allow the C. velia culture to proceed along the glass rod and down the inner wall of 
the U-tube, minimizing turbulence of the medium already present in the tube. 
 
3. Illumination of the system: 
a. Carefully place the U-tube under a white light source (380–720 nm) with an intensity of 100 μmol/m2/s (verified with a 
lux meter). 
b. Ensure the light is directed only toward the unwrapped side of the U-tube. 
c. Incubate the setup under light exposure for 40 min at room temperature (22–26 °C). 
Critical: Maintain uniform illumination at 100 μmol/m2/s (verified with a lux meter), with a minimum distance of 15 cm 
between the light source and the upper part of the U-tube to ensure the system operates without disruption. A shield is 
recommended. Block the foil-covered side from ambient light to prevent directional bias; a consistent photophobic response 
is essential for efficient zoospore migration. 
 
4. Collection of the isolated zoospores: 
a. After 40 min, carefully remove the aluminum foil from the obscured arm of the U-tube. 
b. Using a 5 mL pipette, gently move the pipette tip in a circular motion to withdraw 2 mL from the top layer of the previously 

https://bio-protocol.org/e5756?v=1
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obscured (foil-covered) arm. 
c. Transfer this zoospore-enriched fraction into a transparent 15 mL centrifuge Falcon tube. 
d. Repeat steps A5.4b–c if more U-tubes were used or if necessary. 
Notes:  
1. If you are using multiple U-tubes, combine the pooled 2 mL sample from step A5.4b into a single 15 mL centrifuge tube. 
2. In cultures, where approximately 700–1,000 zoospores were counted per field of view (step A5.4c), a brownish cloud 
becomes visible within the upper 2 cm of the previously covered arm. The appearance of this cloud serves as a practical 
visual indicator of successful enrichment and corresponds to a zoospore-dominated fraction, as verified by light microscopy. 
If needed, you may check the zoospore-enriched fraction under an inverted microscope by transferring 100 μL into one well 
of a 96-well round-bottom plate (optional).  
 
5. Concentration of the zoospores: 
a. Place the 15 mL centrifuge tube containing the enriched fraction under a light source for 10 min to induce the accumulation 
of zoospores at the bottom of the tube (Figure 1B).  
b. Carefully discard, by pipetting, the upper zoospore-free medium, retaining approximately 200 μL of medium. 
Critical: A dark-brown layer may adhere to the wall of the glass U-tube or centrifuge tubes. Do not scrape it off, as it 
consists of freshly transformed C. velia coccoids. Zoospores accumulate at the bottom of the tube due to their photophobic 
behavior while remaining motile in the medium. In contrast, freshly formed coccoid cells adhere to the tube wall and are 
not resuspended under these conditions. 
 
Note: The isolation procedure should be performed without interruption, as zoospores have a limited lifetime (up to ~8 h) 
[10]. Downstream handling depends on the intended application. Isolated zoospores can be used immediately as inoculum, 
fixed in 4% paraformaldehyde for microscopy-based analyses, or rapidly frozen in liquid nitrogen for downstream 
molecular analyses (e.g., -omics approaches).  
 
B. Estimation of the average motility speed of C. velia zoospores 
 
1. Prepare the zoospore culture as described in section A4. 
2. On the day of the experiment, homogenize the culture (by gentle manual agitation) and quantify the zoospores by 
transferring 50 μL to well A1 of a 96-well round-bottom plate. 
 
3. Fill the U-tube and track migration (detailed in section A5): 
a. Load the zoospore-enriched culture into the unwrapped arm of a U-tube filled with F/2 medium. 
b. Apply directional illumination to induce migration of the zoospores toward the dark arm as described in step A5.3a–c. 
 
4. Time-course collection: 
a. At 1-min intervals, transfer 50 μL of F/2 medium from the obscured U-tube arm into a well of a 96-well round-bottom 
plate. To do this, insert the pipette approximately 1 cm below the surface. Avoid pipetting from the same position each time.  
b. Continue collecting one sample per minute for at least 40 min. 
 
5. Analyze zoospore distribution: 
a. Examine each well under 100× magnification (10× objective). 
b. Check for the presence of zoospores in each well to determine migration over time. 
c. Calculate the average swimming speed from the mean arrival time and the measured migration distance (length of the 
medium-filled U-tube). 
Note: Perform this experiment in triplicate to ensure statistical robustness. This experiment can optionally be conducted in 
a dark room, with the unwrapped arm exposed to white light and the wrapped arm exposed to red light, to allow smooth 
operation without needing to uncover the open end of the U-tube every minute for time collection. 
 
C. Estimation of the lifespan of isolated zoospores 
 
1. Transfer freshly isolated zoospores: 
a. Place 50 μL of zoospore-enriched medium into individual wells of a round-bottom 96-well plate. 
Note: If necessary, dilute the zoospore suspension in F/2 medium to approximately 20 zoospores per well, or any other 
concentration that facilitates accurate counting. 
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b. Prepare at least three biological replicates. 
 
2. Temporal observation: 
a. At 30-min intervals, observe each well under an inverted microscope (100×). 
b. Count motile (actively swimming) and non-motile (coccoid) cells. 
Critical: Maintain the temperature at 26 °C and avoid direct light exposure between observations to mimic culture 
conditions. 
 
3. Record endpoint: 
a. Continue observations until 100% transformation to the coccoid stage is achieved (approximately 8 h) [10]. 
b. Estimate the average lifespan as the midpoint between observation of motile zoospores and the point at which all cells 
have completed transformation into non-motile forms. 
 
Note: Waste disposal: At the end of the protocol, and before disposal, decontaminate the residual medium in the U-shaped 
tubes containing the coccoid cells of C. velia, along with any remaining C. velia culture, with 1% (v/v) bleach solution 
[prepared by diluting commercial bleach stock, ~3%–5% (w/v) sodium hypochlorite, 1:5 in distilled water]. 
 
 

Validation of protocol 
 
The directional light–based isolation of C. velia zoospores has been validated by repeated independent experiments (n ≥ 3). 
After 40 min of directional illumination, zoospores reproducibly migrate into the dark arm of the U-tube, resulting in a 
zoospore-enriched fraction with no coccoid stages present, as confirmed by microscopic examination. 
This protocol, or parts of it, has been used and validated in the following research article: Richtová et al. [10]. Circadian 
rhythms and circadian clock gene homologs of complex alga Chromera velia. Frontiers in Plant Science 14:1226027 (see 
Section 2.3; Figure 2; Supplementary Figure 3). 
 
 

General notes and troubleshooting 
 
General notes 
 
1. Zoosporogenesis in C. velia is highly sensitive to light quality. A blue-enriched spectrum (420–460 nm) is critical for 
reliable induction and isolation efficiency. Variations in light source or intensity may significantly affect zoospore 
production. 
2. The physiological state of the culture strongly influences isolation success. Stable cultivation under consistent light/dark 
conditions improves reproducibility. Cultures recently stressed, overgrown, or contaminated may exhibit reduced or delayed 
zoosporogenesis. 
3. The initial inoculum density (OD600 = 0.003–0.004, measured using a spectrometer) is critical. Higher densities lead to 
increased culture turbidity and a higher proportion of coccoid stages, thereby reducing migration efficiency (see Section A). 
4. The isolation method relies on active negative phototaxis. Proceeding with isolation outside the peak of zoosporogenesis 
may result in significantly lower yields of isolated zoospores. 
5. This protocol may be adapted for other flagellated protists exhibiting light-responsive motility; however, light intensity, 
incubation time, and tube dimensions must be empirically optimized. 
6. The use of a U-shaped glass tube is essential for establishing a stable light gradient and enabling directional migration of 
zoospores. The protocol can also be performed using smaller tubes with similar geometry; however, reduced tube dimensions 
(e.g., lower volume or smaller diameter) result in proportionally lower yields of isolated zoospores.  
 
Troubleshooting 
 
Problem 1: No zoospores in the culture after 7 days (related to Recipes section and steps A1.1–4) 
Possible cause: Composition of the F/2 medium. C. velia zoosporogenesis is highly sensitive to the presence of key elements 
in the F/2 medium. The complete absence of a nitrate source can block zoosporogenesis. The complete absence of phosphate 
results in delayed and weaker zoosporogenesis.  
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Solution: Prepare new F/2 medium. 
 
Problem 2: No zoospores in the culture after 7 days (related to section A, culture maintenance).  
Possible cause: Fungal infection in the culture. 
Solutions: Examine the culture under a microscope for fungal spores or infected cells. Treat the culture by adding fresh 
Azoxystrobin into the F/2 medium. Maintain the culture in F/2 Azo for one week, then use it to inoculate a new culture in 
F/2 Azo.  
 
Problem 3: No zoospores after isolation (related to section A5, loading the U-tube).  
Possible causes: The chosen culture was too dense. No zoospore-enriched culture of C. velia is free of coccoid cells. Coccoid 
cells present in the culture will settle and accumulate at the bottom of the U-tube, forming a natural shade where zoospores 
will hide from the light source. 
Solution: Dilute the original culture. 
 
Problem 4: No zoospores after isolation (related to sections A3–A4, verification of zoospore abundance before isolation).  
Possible cause: Not enough zoospores in the culture. We recommend not proceeding with isolation if the number of 
zoospores per field of view is lower than 200; the optimal number for isolation is ≥400 zoospores per field of view (100× 
magnification). 
Solution: Inoculate a new culture. Make sure you are also not experiencing the abovementioned problems 1 or 2. 
 
Problem 5: Zoospores are present but fail to migrate (related to section A5, directional light exposure and migration step). 
Possible causes: Inadequate light conditions in terms of intensity, spectrum, or direction reduce motility of zoospores due to 
suboptimal physiological state, or excessive culture density leading to self-shading effects within the U-tube (see Problem 
3). The isolation relies on active negative phototaxis, which may be impaired under these conditions. 
Solutions: Ensure the use of a white or blue-enriched light source (~100 μmol/m2/s) and correct positioning relative to the 
U-tube (see section A5). Verify that the culture contains actively motile zoospores and is used at the appropriate density. If 
the culture is too dense, dilute prior to loading (see Problem 3). 
 
Problem 6: Mixed populations after isolation (related to section A5, sampling from the U-tube).  
Possible cause: The sample was collected too close to the middle/lower part of the wrapped arm, where coccoid cells may 
settle or remain in suspension. This can result in the co-collection of non-motile stages together with zoospores. 
Solution: To define a safe zoospore collecting zone, do not insert the pipette deeper than the volume corresponding to the 
upper 1/5 of the total U-tube volume from the foil-covered side. For example, in a U-tube with a total volume of 100 mL, 
collect only from the upper 20 mL region of the foil-covered arm. Avoid sampling near the middle of the U-tube. 
 
Problem 7: Contamination introduced during U-tube handling (related to section A5, handling and transfer steps). 
Possible cause: Exposure of the open U-tube system to environmental contaminants (e.g., airborne particles, microorganisms) 
during handling. 
Solution: Although the protocol is not designed to be fully sterile, it is recommended to perform the procedure in a clean 
working environment and to minimize unnecessary exposure of the U-tube openings. Use clean pipette tips and freshly 
prepared medium to limit the introduction of contaminants that may interfere with microscopic observation or downstream 
applications. If sterile conditions are required, the entire setup can be handled in a laminar flow hood.  
 
 

Supplementary information 
 
The following supporting information can be downloaded here: 
1. Figure S1. Technical drawing of the U-shaped glass tube used for zoospore isolation.  
 
 

https://cdn.bio-protocol.org/journal/static/2607412_Supplementary%20information.docx?v=1841
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