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Abstract Over the past few decades, microalgae-based biotechnology conjugated with innovative
CRISPR/Cas9-mediated genetic engineering has been attracted much attention for the cost-effective
and eco-friendly value-added compounds production. However, the discharge of reproducible living
modified organism (LMO) into environmental condition potentially causes serious problem in aquatic
environment, and thus it is essential to assess potential environmental risk for human health.
Accordingly, in this study, we monitored discharged genetically modified microalgac (GMM) near
the research complex which is located in Daejeon, South Korea. After testing samples obtained from
6 points of near streams, several green-colored microalgal colonies were detected under hygromicin-con-
taining agar plate. By identification of selection marker genes, the GMM was not detected from all
the samples. For the lab-scale environmental risk assessment of GMM, acute toxicity test using rotifer
Brachionus calcyflorus was performed by feeding GMM. After feeding, there was no significant differ-
ence in mortality between WT and transformant Chlamydomonas reinhardtii. According to further anal-
ysis of horizontal transfer of green fluorescence protein (GFP)-coding gene after 24 h of incubation
in synthetic freshwater, we concluded that the GFP-expressed gene not transferred into predator.
However, further risk assessments and construction of standard methods including prolonged toxicity
test are required for the accurate ecological risk assessment.
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Figure 1. Sampling points (near Daejeon research complex, Korea) for the monitoring of genetic;ﬂiy modified m}croalgae.

(A) is Gap-Cheon and (B) is Tandong-Cheon.
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Table 1. Design of primers for house keeping (rbcL) and
selection marker (Hygro)-coding genes
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Figure 2. Schematic of experimental procedure for genetically modified microalgal toxicity test using rotifer Brachionus

calyciflorus.
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Table 2. Transformation method and widely used antibiotics for genetic engineering of various microalgae

Transformation method

Antibiotics Reference

Glass beads Hygromycin Ladygin and Boutanaev [19]
Electroporation Hygromycin Wittkopp [20]
Chlamydomonas Silicon carbide whiskers Hygromycin Dunahay [21]
Bombardment Hygromycin EL-Sheekh et al. [22]
Agrobacterium Hygromycin Kumar et al. [23]
Bombardment Kanamycin Talebi et al. [24]
Chlorella Electroporation Hygromycin Chow and Tung [25]
Protoplast transformation Zeocin Liu et al. [26]
Haematococcus Bombardment Norflurazon Steinbrenner and Sandmann [27]
Phaeodactylum Bombardment Zeocin Apt et al. [28]
Navicula Bombardment G418 Dunahay et al. [29]
Thalassiosira Bombardment Nourseothricin Poulsen et al. [30]
Amphidinium Silicon carbide whiskers Hygromycin Te and Miller [31]
Symbiodinium Silicon carbide whiskers Hygromycin Te and Miller [31]
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Fig. 3. Microalgal colony formation under hygromycin supplemented or non-supplemented TAP agar medium of obtained
samples from (A) Gap-Cheon and (B) Tandong-Cheon. The microalgal colony (C) was obtained and hygromycin-coding
gene was estimated by PCR and electrophoresis (D). 1, Vector DNA; 2, genetically modified Chlamydomonas reinhardtii;

3-16, Hygromycin-resistant algal colony.
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Fig. 4. (A) Effect of feeding W11d-type (WT) and green ﬂuorescence protein (GFP)-expressed Chlamydomonas reinhardtii
CC-621 transformant on the mortality (%) of rotifer Brachionus calyciflorus (B) Detection of GFP-coding genes by PCR
and electrophoresis after 24 h cultivation of Brachionus calyciflorus in synthetic freshwater. SFW, synthetic freshwater; M,
1 kb DNA ladder; Lane 1, GFP transformant; Lane 2, wild-type; Lane 3, B. calyciflorus after feeding; Lane 4, incubated
B. calyciflorus (24 h) after feeding GFP-expressed microalgal transformant. Different letters exhibit significant difference

(P<0.05)
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