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Abstract : Quantitative real-time polymerase chain reaction (qPCR) was applied for the early detection of red tides in the coastal areas of South
Gyeongsang in 2019. Cochlodinium polykrikoides (Dinophyceae) was detected at very low cell densities (0.0015~0.0058 cells mL") in early June, but its
cell density increased by up to 0.163 cells mL” in mid-August. Higher cell densities were detected mainly in Namhaedo using both gPCR and microscopy
(maximum 24 cells mL"') in late-August. Accordingly, a red tide alert was issued on September 2 (maximum 200 cells mL') on this island. C.
polykrikoides cell density in Namhaedo peaked on September 11 (12,000 cells mL"). Our results indicate that C. polykrikoides was detected at very low
cell density in Namhaedo prior to bloom, which occurred in the same area. Therefore, qPCR is a useful tool to detect even at very low cell densities

of C. polykrikoides for early warning of blooms.
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Fig. 1. Sampling stations for C. polykrikoides monitoring in South Gyeongsang in August and September 2019.
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Table 1. Field sampling information for C. polykrikoides monitoring in South Gyeongsang in 2019

Date Sampling_stations Amounts of water samples  Filtering of water samples Cell counting methods
03 Jun. 12 10L GF/C filter qPCR
20 Jun. 12 10L GF/C filter qPCR
03 Jul. 12 10L GF/C filter qPCR
17 Jul. 12 10L GF/C filter qPCR
30 Jul. 12 10L GF/C filter qPCR
13 Aug. 12 10L GF/C filter qPCR
29 Aug. 12 1L Sieve of 10um mesh size Microscopy
11 Sep. 12 1L Sieve of 10um mesh size Microscopy
25 Sep. 12 1L Sieve of 10um mesh size Microscopy

Table 2. Primers and a probe for C. polykrikoides specific QPCR (Park et al., 2016)

Forward/Reverse/Probe ~ Code Sequence (5'—3")

Forward CPLSUF GCCGAGGATACCTGCAAAG

Reverse CPLSUR TGTCAGGACCCACGATCA

Probe CPLSUP FAM- CTCACATGATCAGCGGCCGAGTACTAA-BHQI1

Table 3. Early detection of C. polykrikoides using qPCR in South Gyeongsang in 2019

South Gyeongsang Province

C. polykrikoides by qPCR

Numbers of qPCR

Date Area of higher cell density 1 positive detection among Dominant species
(cells mL™) 12 sampling stations

03 Jun. Tongyeong-Namhaedo 0.0015-0.0058 4 Chaetoceros spp.
20 Jun. Namhaedo 0.03-0.08 2 Chaetoceros spp.
03 Jul. Namhaedo 0.001 1 Chaetoceros spp.
17 Jul. Nambhaedo 0.010-0.291 4 Chaetoceros spp.
30 Jul. Tongyeong-Namhaedo 0.001-0.043 7 Chaetoceros spp.
13 Aug. Namhaedo 0.0004-0.163 5 Chaetoceros spp.

Table 4. Information of C. polykrikoides blooms and red tide levels in South Gyeongsang in 2019 (http://www.nifs.go.kr/redtideInfo)

South Gyeongsang Province

Date Bloom area Cell density (cells mL™) Temperature (°C)/Salinity Red tide level

02 Sep Namhaedo 50-200 23.0/32.4 Watch

03 Sep Namhaedo-Geojedo 50-800 21.5-23.2/31.3-32.4 Watch

08 Sep Namhaedo-Geojedo 5-1400 22.5-24.2/30.1-33.1 Warning

11 Sep Namhaedo-Geojedo 10-12,000 23.5-25.4/30.5-33.5 Warning

27 Sep. - 0 22.0-23.1/28.2-32.2 Cancelation
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Fig. 2. Temporal changes of C. polykrikoides cell numbers in Namhaedo in June to September 2019 estimated by gPCR

(left) and light microscopy (right). Maximum cell density was shown in each date. Red tide information of NIFS

(http://www.nifs.go.kr/redtideInfo) was used for the data of light microscopy.
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Fig. 3. Spatial and temporal distributions of C. polykrikoides in South Gyeongsang in June to September 2019. Cell
numbers were estimated by qPCR (03 June to 13 August) and microscopy (29 August and 11 September).
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