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MOLECULAR ANALYSIS OF A POLYPHASIC RED TIDE IN RONGCHENG
OFFSHORE, SHANDONG PENINSULA IN 2021~2022

LIU Kui-Yan"*** ~ WANG Hong-Shu"*? ~LIU Feng"*°®, CHEN Nan-Sheng"***
(1. CAS Key Laboratory of Marine Ecology and Environmental science, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. Laoshan Laboratory, Qingdao 266237, China; 3. Center for Ocean Mega-Science, Chinese Academy of Sciences,
Qingdao 266071, China; 4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Shandong Peninsula is surrounded by the Bohai Sea and Yellow Sea, features complex coastal zoning and
long coastline, and suffers from frequent red tide outbreaks in the recent decade. Some red tide species are small in cell
size or have inconspicuous morphological characteristics, and are often fragile and unstable during fixation, making it a
challenge work for experts to identify the causative red tide species based only on morphological features. Therefore,
causative species of many red tides have not been accurately identified, especially for those polyphasic red tide events.
From November 2021 to April 2022, a devastating red tide event of 1 440 km” occurred in Rongcheng offshore in a kelp
Saccharina japonica aquaculture region, resulting in the bleaching or rotting of the kelp and serious economic losses.
Considering both morphological features of live algal cells in water samples and molecular marker sequences amplified
from single cells, three dominant causative red tide species were identified, including Akashiwo sanguinea, Gonyaulax
polygramma, and Katodinium glaucum, which was different from a recent report in which only the former two were
identified in this region. Katodinium glaucum is easily missed out as it is fragile and unstable during fixation.
Metabarcoding analysis of water samples identified another causative species, Gyrodinium fusiforme, being also fragile and
unstable during fixation. This study showed that the metabarcoding analysis is standardized and more accurate in species
identification, and can accurately and systematically identify red tide causative species especially for complex polyphasic
red tide events.

Key words harmful algal bloom (HAB); Dinoflagellata; metabarcoding analysis; Akashiwo sanguinea,

Gonyaulax polygramma
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Supplementary Table The annotations for clone sequencing strains

(Genbank) (Genbank) PID coverage /bp
1-1 Akashiwo 100001 0Q152393 Akashiwo 0K 638976 99.67%  98.00% 1817
sanguinea sanguinea
1-2 Calanus — \100002  0Q162327 Calanus MF993123 99.89%  98.00% 7422
glacialis glacialis
Akashiwo Akashiwo
1-3 : CNT00003  0Q152394 . 0K 638976 99.89%  98.00% 1817
sanguinea sanguinea
1-4 Akashiwo  \r00004  0Q152408 Akashiwo 0K 638976 99.94%  98.00% 1817
sanguinea sanguinea
Akashiwo Akashiwo
1-5 : CNT00005  OQ152409 : 0K 638976 99.94%  98.00% 1817
sanguinea sanguinea
1-6 Calanus — \100006  0Q162328 Calanus MF993123 99.67%  98.00% 7422
glacialis glacialis
1-7 . CNT00007 0Q152410 Gonyaulax AJ833631 95.07%  96.00% 1793
polygramma
1-8 Akashiwo 1100008 0Q152411 Akashiwo 0K 638976 99.94%  98.00% 1817
sanguinea sanguinea
1-9 Gonyaulax — \ro0009  0Q152412 Gonyaulax AJ833631 99.67%  98.00% 1793
polygramma polygramma
1-10 Akashiwo  \100010 Q152413 Akashiwo 0K 638976 99.94%  98.00% 1817
sanguinea sanguinea
1-11 Gonyaulax — \r00011 Q152414 Gonyaulax AJ833631 99.72%  98.00% 1793
polygramma polygramma
1-12 Akashiwo  \ra0012 0Q152415 Akashiwo OK638976 99.89%  98.00% 1817
sanguinea sanguinea
1-13 Paracalanus 100013 0Q162329 Paracalanus JX995311 99.43%  93.00% 1747
parvus parvus
1-14 Akashiwo 100014 0Q152416 Akashiwo 0K 638976 99.94%  98.00% 1817
sanguineda sanguinea
Akashiwo Akashiwo
1-15 ; CNTO00015 0Q152417 . 0K 638976 99.94%  98.00% 1817
sanguinea sanguinea
1-16 Akashiwo  \r00016  0Q152418 Akashiwo 0K 638976 99.83%  98.00% 1817
sanguinea sanguinea
1-17 Gonyaulax 100017 0Q152419 Gonyaulax AJ833631 99.61%  98.00% 1793
polygramma polygramma
1-18 - CNT00018  0Q152420 Akashiwo 0K 638976 96.39%  98.00% 1817
sanguinea
1-19 Gyrodinium (100019 0Q162330 Gyrodinium AB120002 99.71%  93.00% 1725
fusiforme fusiforme
1-20 Gonyaulax — -\160020  0Q152421 Gonyaulax AJ833631 99.61%  98.00% 1793
polygramma polygramma
1-21 Ske’estl‘)’”em“ CNT00021 0Q162331  Skeletonema sp. ~ MT499904 99.67%  96.00% 1794
1-22 Paracalanus — \100022  0Q162332 Paracalanus JX995311 99.60%  94.00% 1747
parvus parvus
1-23 Paracalanus — \100003  0Q162333 Paracalanus JX995311 99.31%  94.00% 1747
parvus parvus
1-24 Akashiwo  \ro0004  0Q152422 Akashiwo 0K 638976 99.83%  98.00% 1817
sanguinea sanguinea
1-25 Gonyaulax — -\ir00025  0Q152423 Gonyaulax AJ833631 99.67%  98.00% 1793
polygramma polygramma
Uncultured Uncultured
1-26 marine  CNT00026 0Q162334 marine GU385595 - 99.83%  93.00% 1727
eukaryote eukaryote
Akashiwo Akashiwo
1-27 : CNT00027 0Q152424 ; 0K 638976 99.89%  98.00% 1817
sanguinea sanguinea
1-28 Gonyaulax (100008 0Q152425 Gonyaulax AJ833631 99.72%  98.00% 1793
polygramma polygramma
1-29 Akashiwo (100029 0Q152426 Akashiwo 0K 638976 99.89%  98.00% 1817
sanguinea sanguinea
1-30 Gonyaulax — \100030  0Q152427 Gonyaulax AJ833631 99.67%  98.00% 1793
polygramma polygramma




6 :2021~2022 1655
(Genbank) (Genbank) PID coverage /bp

Single-cell_— Akashiwo — \rro0031  0Q152428 Akashiwo 0K 638976 99.94%  98.00% 1817
PCR_1-1 sanguinea sanguinea

Single-cell_ Akashiwo 100037 0Q152429 Akashiwo 0K 638976 99.94%  98.00% 1817
PCR_1-2 sanguinea sanguinea

Single-cell_ Akashiwo 100033 0Q152430 Akashiwo 0K 638976 99.94%  98.00% 1817
PCR_1-3 sanguinea sanguinea

Single-cell_ Gonyaulax — \1g0034 Q152431 Gonyaulax AJ833631 99.83%  98.00% 1793
PCR_2-1 polygramma polygramma

Single-cell_— Gonyaulax 105035 0Q152432 Gonyaulax AJ833631 99.72%  98.00% 1793
PCR_2-2 polygramma polygramma

Single-cell_ Katodinium 100036 0Qie2335 ~ Katodinium KP790161 99.93%  73.00% 1342
PCR_3-1 glaucum glaucum




