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10~15 pm, , Fukuda (2006)
(Elbréchter et al, 1998; Fukuda et al, 2006), , ,
%200 )
, PCR (quantitative real-time 2 mL EP 24 h , 500 pL
PCR, qRT-PCR) , , ( 1%),
(Microcystis aeruginosa) %200 ; 3 um
(Karenia mikimotoi) (Millipore, USA),
(Margalefidinium  polykrikoides) DNeasy PowerSoil (QIAGEN,
(Thalassiosira rotula) (Ulva) Germany) DNA
(Scytosiphon) (He 1.2
et al, 2007; Yuan et al, 2012; , 2013; s GeneBank rRNA
2018; Hu et al, 2022) , 18S-ITS1 (GQ380592.1), Primer
gqRT-PCR , Premier 5.0 , ,
, 167 bp (1
RNA (ribosomal RNA, rRNA)
» Godhe  (2008) 9 %1 TR 185 rDNA F1 ITST Kt
9x10°~100x10° ; rRNA qRT-PCR E. R34
qRT-PCR (Yuan Tab.1 Forward and reverse primers designed for qRT—PCR
assay of N. scintillans 18S rDNA and ITS1 region
etal, 2012; ,2013)
(internal transcribed spacer, ITS) NS-F1742 5'-GAAGTCGTAACAAGGTTTCCGTAG-3'
’ IRNA ’ NS-R1908 5-GCGAACTTTGCTG ACCGTAA-3'
(Blomster et al, 2000; 11
Yuan et al, 2012)
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R qRT-PCR (Millipore, USA), DNeasy
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1.1 DNA 5 min; 95 °C 30, 60 °C 30,72 °C
1I 30 s, 38 ;72 °C 10 min
( : 0.08 m’%, : 140 cm, : 160 um) ( 1.2%) , Azure
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Deployment of stations in Jiaozhou Bay
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Tab.3 Depths of sampling stations . E= [10(—1/5‘)_1] x 100% (1)
/m /m
A3 4.50+0.82 D1 12.85+2.25
AS 7.46+0.93 D3 10.56+2.63 SPSS
B2 3.42+0.52 DS 27.77+£1.97
19.0 t-test
Cl 4.41£1.07 D6 26.54+1.99 _ _
Kruskal-Wallis One-Way ANOVA Mann-Whitney U
C3 14.77+1.37 D7 16.27+1.18
c4 6.33+0.47 D8 13.1541.87 test Spearman ’ P
0.05 R
500 mL Origin
, 200 pm 2019b ; Golden Software Surfer
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2
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Fig.2 Electrophoresis analysis of the amplified products of different microalgal species using a primer pair designed for the qRT-PCR
assay
: M: Marker; 1 11 3 2~9, 12~14 2 11 ;10 15
2.2 qRT-PCR qRT-PCR s
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Tab.4 validation of the qRT-PCR assay
() BLAST
C, qRT-PCR
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Fig.5 Electrophoresis analysis of the amplified products of environmental samples in Jiaozhou Bay, 2015
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Kruskal-Wallis One-Way ANOVA); C3 ,
, 2~3 7 10 m 10 m
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(P<0.05) 1~5 , 1, 10 m
, 2 , 10 m (P<0.05),
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Fig.7 Vertical distribution of gametes in typical stations
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. 3
(P<0.01, Kruskal-Wallis One-Way ANOVA),
2 c4 31.37 cells/L; 11
C4 12 A3 B2 Cl1 (Fukuda et al, 2006; Miyaguchi et al, 2008;
, Sriwoon et al, 2008; , 2016),
2 2 7 b
12 ( 6b), Spearman
(R=0.759, P<0.01) 2 ( s
1 4 1994; Uhlig et al, 1995; Sriwoon et al, 2008) ,
(P>0.05, Mann-Whitney U test), 4 (10~15 pm), ,

1 (P<0.05, Mann-Whitney U test), ,
(7.2848.32)x10°  (1.78+1.38)x10* cells/L; (Elbrichter et al, 1998; Fukuda et al, 2006),
7 6 9 ,
(P>0.05; Mann- Whitney qRT-PCR
U test)
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70t+a rRNA 18S-ITS1
o 60 7
frg 50 7 qRT-PCR (95.40%, 95.23%) R* (0.993 7,
mg 401 0.999 6) (90%~110%, R*>0.980 0)
g[i 30r (Taylor et al, 2010),
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, (P<0.01); Miyaguchi  (2008) ,
Miyaguchi  (2008) (Sagimi Bay) )
qRT-PCR ,
(R*=0.722 5) 2~3 (P>0.05), 1
, qRT-PCR , PCR 4  (P<0.05),
, 4 ,2017)



6 PCR 1393
Sriwoon  (2008) (Gulf of Thailand)
, qRT-PCR , 0.17 10°
Miyaguchi ,
(2008)
, (2) 2015
B 9 9 2’\’3 s 7 N
10 m
1~2 R s
03, Cl D1 s
; 4~9 ’ (3) 5
;10~12 :
( , 2017) R
10 m B BEARMNBEEASARE RFIAF
10 m ML B 5 3E A BT A, B,
, Tada (2020)
’ ’ , , ., 2017.
1. , 48(2):
, 276-284.
, , 1994 1. ,
(Zhang et al, 2017, 2020), 2520 155161,
5 , ,1999. 90 1
, 17(3): 31-36.
, , , 2016. 1.
,36(9): 2451-2459.
’ , , ., 2009.
, [1]. ,39(S1): 89-93.
( , 2014) ; , 2005. (FISH)
[D].
) a > , , 1991, [1.
( , 2017); , , 12(3): 104-107, 111.
(Sriwoon et al, 2008) ’ » 1994, - > 25(2):
162-164.
: ( . , , 2003.
, 2009), ( , []. , 27(4): 18-22.
1991; Uhlig et al, 1995), s 5 ) , 2013,
1. , 29(4):
89-93.
’ , , . ,2013. qPCR
( ) 1. , 33(8):
1999), 2256-2263.
,2014. [D].
4
. , ., 2011. RT-gPCR
(1) rRNA 18S-1TS1 , [7]. . 38(4):



1394 53
460-467. Journal of Plankton Research, 19(3): 303-318.
R s s , 2018. LI C W, SHIELDS J D, MILLER T L, et al, 2010. Detection and
/ PCR quantification of the free-living stage of the parasitic
[J]. , 48(8): 68-76. dinoflagellate ~Hematodinium sp. in laboratory and
[if] , , 1976. (Noctiluca miliaris) environmental samples [J]. Harmful Algae, 9(5): 515-521.

[J]. ), 23(2): 75-80. (in
Japan with English abstract)

BALIARSINGH S K, LOTLIKER A A, TRAINER V L, et al,
2016. Environmental dynamics of red Noctiluca scintillans
bloom in tropical coastal waters [J]. Marine Pollution
Bulletin, 111(1/2): 277-286.

BLOMSTER J, HOEY E M, MAGGS C A, et al, 2000.
Species-specific oligonucleotide probes for macroalgae:
molecular discrimination of two marine fouling species of
Enteromorpha (Ulvophyceae) [J]. Molecular Ecology, 9(2):
177-186.

ELBRACHTER M, QI Y, 1998. Aspects of Noctiluca
(Dinophyceae) population dynamics [M] / ANDERSON D
M, CEMBELLA A D, HALLEGRAEFF G M. Physiological
Ecology of Harmful Algal Blooms. Berlin, Germany:
Springer: 315-336.

FUKUDA Y, ENDOH H, 2006. New details from the complete
life cycle of the red-tide dinoflagellate Noctiluca scintillans
(Ehrenberg) McCartney [J].
Protistology, 42(3): 209-219.

GALLUZZI L, PENNA A, BERTOZZINI E, et al, 2004.
Development of a real-time PCR assay for rapid detection

European Journal of

and quantification of Alexandrium minutum (a dinoflagellate)
[J]. Applied and Environmental Microbiology, 70(2):
1199-1206.

GODHE A, ASPLUND M E, HARNSTROM K, et al, 2008.
Quantification of diatom and dinoflagellate biomasses in
coastal marine seawater samples by real-time PCR [J].
Applied and Environmental Microbiology, 74(23): 7174-7182.

HARRISON P J, FURUYA K, GLIBERT P M, et al, 2011.
Geographical distribution of red and green Noctiluca
scintillans [J]. Chinese Journal of Oceanology and
Limnology, 29(4): 807-831.

HESY,YUZG MITZ, 2007. Development of a real-time PCR
method for Thalassiosira rotula rapid detection [J]. Acta
Oceanologica Sinica, 26(2): 133-139.

HU J R, GUO R Y, LU D D, et al, 2022. Detection and
quantification of the harmful dinoflagellate Margalefidinium
polykrikoides (east Asian ribotype) in the coastal waters of
China [J]. Toxins, 14(2): 95.

HUANG C, QI Y, 1997. The abundance cycle and influence
factors on red tide phenomena of Noctiluca scintillans
(Dinophyceae) in Dapeng Bay, the South China Sea [J].

LI JJ, XIAO X Y, GUO L Z, et al, 2022. A novel qPCR-based
method to quantify seven phyla of common algae in
freshwater and its application in water sources [J]. Science
of the Total Environment, 823: 153340.

MIYAGUCHI H, KUROSAWA N, TODA T, 2008. Real-time
polymerase chain reaction assays for rapid detection and
quantification of Noctiluca scintillans zoospore [J]. Marine
Biotechnology, 10(2): 133-140.

SHUNMUGARAJ T, SADHUKHAN K, CHATRAGADDA R, et
al, 2020. Impact of Noctiluca scintillans bloom on coastal
fauna of mandapam region in gulf of mannar marine
biosphere reserve, southeast coast of Tamil Nadu, India [J].
International Journal of Ecology and Environmental
Sciences, 46(2): 135-140.

SMAYDA T J, 1997. What is a bloom? A commentary [J].
Limnology and Oceanography, 42(5): 1132-1136.

SRIWOON R, PHOLPUNTHIN P, LIRDWITAYAPRASIT T, et
al, 2008. Population dynamics of green Noctiluca scintillans
(Dinophyceae) associated with the monsoon cycle in the
upper Gulf of Thailand [J]. Journal of Phycology, 44(3):
605-615.

TADA K, ASAHI T, KITATSUJI S, et al, 2020. Low-active
high-density Noctiluca scintillans cells in surface seawater
[J]. Oceanologia, 62(3): 402-407.

TAYLOR S, WAKEM M, DIJKMAN G, et al, 2010. A practical
approach to RT-qPCR—publishing data that conform to the
MIQE guidelines [J]. Methods, 50(4): S1-S5.

UHLIG G, SAHLING G, 1995. Noctiluca scintillans: zeitliche
verteilung bei helgoland und rdumliche verbreitung in der
deutschen bucht (langzeitreihen 1970-1993) [R]. Hamburg:
Biologische Anstalt Helgoland: 1-127.

YUAN J,MI T Z, ZHEN Y, et al, 2012. Development of a rapid
detection and quantification method of Karenia mikimotoi
by real-time quantitative PCR [J]. Harmful Algae, 17: 83-91.

ZHANG W J, DONG Z J, ZHANG C, et al, 2020. Effects of
physical-biochemical coupling processes on the Noctiluca
scintillans and Mesodinium red tides in October 2019 in the
Yantai nearshore, China [J]. Marine Pollution Bulletin, 160:
111609.

ZHANG S W, HARRISON P J, SONG S Q, er al, 2017.
Population dynamics of Noctiluca scintillans during a bloom
in a semi-enclosed bay in Hong Kong [J]. Marine Pollution
Bulletin, 121(1/2): 238-248.



6 : PCR 1395

APPLICATION OF QRT-PCR ASSAY IN DETECTION AND QUANTIFICATION OF
NOCTILUCA SCINTILLANS GAMETES

ZHANG Ying-Xin"?,  SONG Shu-Qun"“** LI Cai-Wen"***

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Marine Ecology and Environmental Science laboratory, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266237, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Center for
Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract Sexual reproduction is an important phase of life cycle of Noctiluca scintillans, one of the most common red
tide organisms in Chinese coastal waters. The detection and quantification of gametes are vital to clarify the role of sexual
reproduction in population growth. However, gametes are nearly absent from field investigation. We developed a qRT-PCR
assay using a primer set targeting the 18S-ITS1 of rRNA gene complex of N. scintillans. Genomic DNA of gametes and
recombinant plasmids were used as standard samples for the assay with the detection limits of 0.17 cells and 10° copies per
reaction, respectively. In addition, the assay was applied to detect environmental DNA samples monthly collected in
Jiaozhou Bay in 2015. Results show that the gametes abundance was significantly higher in February, March, and July, in
range of (18.12~9.70) x 10° cells/L. At nearshores stations (bottom depth < 10 m), gametes abundances were relatively low
and distributed evenly in water column. Higher abundances appeared often in the inner bay, mouth bay, and outer bay
stations (bottom depth > 10 m), and the vertical distributions were heterogeneous in February-March, July, and November.
The temporal variation in gametes abundance was consistent with vegetative cells, and gametes were detectable at very low
count or even zero vegetative cells in samples, implying a positive role of N. scintillans gametes on the population growth
and sustaining. This study provided insights into N. scintillans gametes in coastal water and enriched our understanding on
population dynamics of N. scintillans red tide.

Key words Noctiluca scintillans; sexual reproduction; gamete; qRT-PCR



