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(Giant colony) ( , 2001; Smith et al, 2014b)

S 3 mm (Rousseau et al, 1990; Smith
et al, 2014b) ,
(Vaulot et al, 1994; Zapata et al, 2004)
19'-

(19'-hexanoyloxyfucoxanthin, Hex-fuco)

(fucoxanthin, Fuco)

19'-
(19'-butanoyloxyfucoxanthin,

But-fuco) (Zapata et al, 2000,

2004) )

(Vaulot et al, 1994; Antajan et al,
2004; Zapata et al, 2004; Seoane et al, 2009; ,
2019) 18S rDNA 28S rDNA  ITS
(Lange et al, 2002; Chen et al, 2003; Medlin
et al, 2007), ,

>

(Song et al, 2020, 2021,
Zhang et al, 2021; Niu et al, 2022)

rbeS-rpl27
atp8 >
20 4 , I
II , I
, IV 3
=3 mm R
Hex-fuco But-fuco , 1V
“ 7 But-fuco (
, 2019; Zhang ef al, 2021, 2022; Niu et al, 2022)
, IV
“e 77 ( Zhang et
al, 2022) 2015~2021 ,
But-fuco ,

v “ 7
(Wang et al, 2022; Zhang et al, 2022)

1
1.1
2021 12 6
(TDW) (XGD) (GZK)
(D 1~2 L,
0.5 mm
, 0.4 pm
(Millipore, ) 0.68 pm GF/F
(Whatman, ),
, -80 °C ,
80 mL 450 °C
GF/F , 100 mL
) —40 °C ,
pH (DO)
(Mettler Toledo, Columbus,
)
1.2
- (NO;-N), -
(NO3-N),
(NH;-N),
(PO} -P) (DTN/DTP)
(QuAAtro39, Seal, )
=0.999,
( )
1.3
Zapata (2000)
Kong (2012) ,
1 400 puL 95% ,
100 pL 8'-apo-B,y-carotaldehyde (750 pg/L) s
5 min 0.22 ym
, 800 uL
1.5 mL , 160 pL ,

, (HPLC)
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Fig.1 Maps of the Bohai Sea and the Yellow Sea (a), and the sampling sites in coastal waters of Qingdao (b)
: TDW: ; XGD: ; GZK:
1.4 DNA PCR et al, 2017), MrBayes3.2.6 s
(Hexadecyl trimethyl MCMC 2 000 000 , 1 000

ammonium Bromide, CTAB)
DNA (Winnepenninckx et al, 1993),
DNA TE , -20 °C PCR

rbeS-rpl27 , rbeS-rpl27-F
(5'-GAAGCATACGCACCAAGC-3")  rbcS-rpl27-3R
(5'-ATTGTTGAGTTTACGACGGATA-3') (Zhang et al,

2021), PCR Zhang
(2021) 1% PCR ,
Invitrogen 11.0 ContigExpress (ThermoFisher, )
1.5
GenBank 20
rbeS-rpl27 ( D,

6 , (Phaeocystis
antarctica) CCMP1374 (Phaeocystis
Jjahnii) CCMP2496
ClustalW ; MEGA10.0
Find Best DNA/Protein Models (ML)

T92, (maximum-
likelihood tree), bootstrap 1 000 (Kumar et al,
2018); Modelfinder (Bayesian

tree) HKY+F+G4 (Kalyaanamoorthy

(Ronquist et al, 2012)

2.1

12.2~13.8 °C
8.18~8.28, DO  8.73~9.54 mg/L
5.04~9.45 pmol/L, (NH;-N)

5.42 pmol/L, DIN , 57.3%;

(NO5-N) 5.18 pmol/L, DIN
, 62.0%; NH4-N  NO;3-N
, 2.52  2.14 pumol/L
(DIP) , 0.66 pmol/L,
, 0.21  0.11 pmol/L
, 2.06~7.68 pmol/L
(DON)

(DIN), 22.07~23.10 pmol/L,
(DOP) )
0.47 umol/L ( 2)

2.2

28.02~29.47, pH
(DIN)

0.29~

1L R
0.5~18 mm 27
2L 1~12 mm
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Tab.1 Information of Phaeocystis globosa and P. Antarctica strains for this study
GenBank ID

MEL42 2015 But-fuco MW981522 (Zhang et al, 2022)
MELA43 2018 =3 mm Hex-fuco But-fuco MN935489 (Zhang et al, 2021, 2022)
MEL44 2017 =3 mm Hex-fuco But-fuco MN935490 (Zhang et al, 2021, 2022)
MELA45 — =3 mm Hex-fuco But-fuco MN935491 (Zhang et al, 2021, 2022)
MEL47 2017 =3 mm Hex-fuco But-fuco MN935492 (Zhang et al, 2021, 2022)

MEL68 2018 =3 mm Hex-fuco But-fuco MW981524 (Zhang et al, 2022)
MEL69 2017 =3 mm Hex-fuco But-fuco MN935493 (Zhang er al, 2021, 2022)
MEL70 2019 But-fuco MW981525 (Zhang et al, 2021, 2022)
MEL71 2019 =3 mm Hex-fuco But-fuco MN935494 (Zhang et al, 2021, 2022)

MEL78 2019 =3 mm Hex-fuco But-fuco MW981526 (Zhang et al, 2022)

TIO393 2016 But-fuco MW981523 (Zhang et al, 2022)
CCMP628 1965 =3 mm Hex-fuco But-fuco MN935496 (Zhang et al, 2021, 2022)
CCMP629 1982 =3 mm Hex-fuco But-fuco MN935497 (Zhang et al, 2021, 2022)
CCMP1524 1992 / Hex-fuco But-fuco MN935498 (Zhang et al, 2021, 2022)
CCMP2754 2003 / Hex-fuco But-fuco MN935499 (Zhang et al, 2021, 2022)
RCC678 2000 / Hex-fuco But-fuco MW981528 (Zhang et al, 2021, 2022)
RCC736 1991 / Hex-fuco But-fuco MN935501 (Zhang et al, 2021, 2022)

RCC1736 1991 / Hex-fuco But-fuco MW981527 (Zhang et al, 2022)
RCC2055 2003 =3 mm Hex-fuco But-fuco MN935500 (Zhang ef al, 2021, 2022)

Pg-G(A) — — — NC021637 (Smith et al, 2014a)

CCP1374 — — — IN117275 (Smith et al, 2014a)

CCMP2496 — — — — (Zhang et al, 2021)

2/ =3 mm —
£2 2021 F 2 AFBBE=ZMAEHMMINER T

Tab.2 Environmental parameters measured at the three sampling sites in the coastal water of Qingdao in December 2021

/°C

NHj;-N

NO;-N  NO3-N
/(mg/L) /(umol/L) /(umol/L) /(umol/L) /(umol/L) /(umol/L) /(umol/L) /(umol/L) /(umol/L) /DIP

DIN

DON

DOP DIP

DSi DIN DSi
/DIN

(TDW) 13.8 28.46 8.18 8.73 5.42 0.56 9.45 23.10 0.47 0.66 7.68 142 0.8
(XGD) 12.2 28.02 8.25 9.54 2.69 0.48 8.36 20.98 0.30 0.21 3.55 404 04
(G7K) 129 2947 828 9.42 2.52 0.38 5.04 22.07 0.29 0.11 206 478 04
37 1L 4~8 mm (But-fuco) (fuco) (diad)
3 2) (diat) a(chla) o- (Be-Car)  B-
, 5~10 mm (BB-Car)
(55%), 1~5 mm (30%), Hex-fuco, But-fuco
10 mm , But-fuco
18 mm ( 3) (2019) -
2.3 ¥=0.0076X>"2"*,
9 4~18 mm s
) 4 ( 3) fuco chla
a (chlide a) , 0.120~0.279
a (Me-chlide a) 19'- pg/cell 0.076~0.303 pg/cell; diad,
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2 (a,b) ()
Fig.2 Field (a, b) and microscope (c) pictures of Phaeocystis globosa colonies in the coastal waters of Qingdao in December 2021
407 MELA47, MEL78
CCMP1524 ,
301
« CCMP628 CCMP629
o
%& 20l RCCO055, 11 2
{O\H&% MEL71
10} CCMP2754 3
’_1 RCC678 RCC736 RCC1736  Pg-G(A)
0 <1 1~5 5~10 >10 4 MEL42
BABERD/MM MEL70 TIO393,
302021 12 6 (G
. N . . 3
Fig.3 Distribution of colony sizes during the bloom of
Phaeocystis globosa in the coastal waters of Qingdao in 3.1 ce >
December 2021 :
0.009~0.092 pg/cell; But-fuco
0.005~0.019 pg/cell
2.4 S 20 80~90 ,
6
rbeS-rpl27 (Rousseau et al, 1990; Lancelot et al, 2009) 20 ,
4 (Madhupratap
s 1 > 3 4 et al, 2000; Qi et al, 2004; Hai et al, 2010; Smith et al,
1 MEL43 2014b) 1997 10 ,
MEL44 MEL68 MELG69, MEL45 s s
0.021
o ©
@ 0.014 % .
R 0.007 3
= Q
«Q
0.000 p— . - - - - - o o ,
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00
§5i8)/min
4 (440 nm)

Fig.4

Chromatogram of Phaeocystis globosa colonies in the coastal waters of Qingdao in December 2021 (absorbance

detected at 440 nm)
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Tab.3 Content of pigments in colony cells collected from the three sampling sites in the coastal water of Qingdao in December 2021

/(pg/cell)
/mm
But-fuco fuco diad diat pe-Car  pp-Car chla  Me-chlide a
TDW-1 1 12 0.010 0.184 0.015 0.000 0.001 0.008 0.186 0.010
TDW-2 1 11 0.005 0.181 0.017 0.000 0.002 0.010 0.146 0.007
TDW-3 3 6 0.006 0.279 0.023 0.000 0.003 0.012 0.152 0.009
TDW-4 3 8 0.007 0.158 0.012 0.001 0.001 0.005 0.161 0.009
TDW-5 3 10 0.008 0.108 0.009 0.001 0.001 0.005 0.165 0.005
TDW-6 1 18 0.007 0.120 0.010 0.001 0.001 0.005 0.076 0.017
XGD-1 2 4 0.019 1.187 0.092 0.000 0.000 0.043 0.303 0.000
XGD-2 3 8 0.012 0.244 0.019 0.001 0.002 0.007 0.220 0.010
XGD-3 2 7 0.012 0.279 0.020 0.001 0.002 0.009 0.214 0.013
-* childe a , childe a
Phaeocystis globosa MEL43
P. globosa MEL44
88/0.97 P. globosa MEL45
: P. globosa MEL68 Type la
04/0.99 P. globosa MEL69
"7 | P. globosa MEL78
64/0.99 | p. globosa CCMP1524
85/0.99 P. globosa MEL47
: P. globosa CCMP628 | Type Ib
84/0.99 | P. globosa CCMP629
P. globosa RCC2055 | Type Ic
'[ P. globosa CCMP2754
73/0.99 “T" P. globosa MEL71 Type Il
98/0.92 P. globosa PG
|| P. globosa RCC1736 Type llla
84/0.97 P. globosa RCC736
100/0.97 1| ' p, globosa RCCH78 | Type Illb
GZK-1
88/0.96 )T“D;‘g_':
GZK-2 Type IV
TDW-2
100/0.92 XGD-2
P. globosa MEL42
P. globosa MEL46
P. globosa MEL70
Phaeocystis antarctica CCMP1374
Phaeocystis jahnii CCMP2496
—A
0.2
5 rbeS-rpl27
Figure 5 Phylogenetic tree established for Phaeocystis globosa based on the rbcS-rpl27 intergenic spacer
bootstrap s 6
2004 6 2006 10 , rDNA ITS rbcL. ,
( , 2008; , 2011) (Medlin et al,
, 2007) ,
3 mm, Hex-fuco  But-fuco
5 2
, (Vaulot « ”, But-fuco

et al, 1994; Zapata et al, 2004; Medlin et al, 2007; )
Smith et al, 2014b) 18S rDNA 28S Hex-fuco But-fuco
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( , 2019)

>

(Tang, 2003; Sazhin et al/, 2007; Wang
et al, 2010, 2011),

(Buma et al, 1991; van Leeuwe et al,
1998, 2014; Schltter et al, 2000; DiTullio et al, 2007),

b

(ecotype)

B

(Turesson, 1922; Begon et al, 2005)

rbeS-rpl27 atp8
“ 72, But-fuco
, v 2015~2021
, I I v

>

IV (Zhang et al, 2021, 2022; Niu

et al,2022) , IV |
I , °f
(Zhang ,et al, 2022) , o
rbcS-rpl27 “ 7 ’
, v But-fuco
3.2
2016~2017
2016 12 3 ( ,2019); 1’997
3000 km’, 6 , 1999) | )
20 80~90 , |

, 1997 ,

, 2011 ,
( , 2021)

( , 2021)

, , (
,2018) 1997

6 000 ( , 1999)
( , 1999)
s (X3 9 (IV )
I 1II )
(Zhang et al, 2022)
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rbeS-rpl27 “ 7z
12~14 °C, v = 7z

( 20°C  )( ,2003;
,2019) ,

(Lancelot et al, 2007; Wang et al, 2021),

, DON (21~23 pmol/L)
DIN (5_()~9_5 pmol/L), DON ﬁlﬁj }%7%}9{5 fﬂiﬁﬁaﬁﬁ"?ﬁ*?/}}@ﬂ’zﬁ/\ﬁ )
ABIBE RFLFERRZRERSAGAEE L.

, ) , .. 2019.
, 0], . 50(3): 611-620.
N R s , 2008. 18S
DNA  ITS 0], , 26(2):
200-206.
<< s R , 2001. (Phaeocystis)
v, (Ol ,9(2): 174-184.
, ., 2012,
( , 2001), 1. , 31(3): 745-754.
s R R , 2006.
1. (4): 70-77.
. , ., 1999,
3~8 um, 1. ,30(2): 172-179.
cc >3 s , 2021. (Phaeocystis)
0], ,52(1): 1-15.
; , , , 2018.
, Wang (2022) But-fuco (Phaeocystis globosa) .
42(10): 146-162.

But-fuco

cc > > , , 5 1999. S
(Phaeocystis globosa)[J]. (
, Niu  (2022) atp8 ), 20(3): 124-129.
gPCR , 30 cells/L, ’ ’ » 2019.
[J1. , 50(3): 630-643.
s s R , 2003. (Phaeocystis
atp8 globosa Scherffel) [J]. , 23(1):
cc »> 113-118.

, s , 2017.

, “* 7z (7. , 48(4):
qPCR 753-759.
R , , , 2011.
[J1. , 30(3): 334-337.
ANTAJAN E, CHRETIENNOT-DINET M J, LEBLANC C, et al,
2004. 19'-hexanoyloxyfucoxanthin may not be the
4 appropriate pigment to trace occurrence and fate of
Phaeocystis: the case of P. globosa in Belgian coastal waters
, [J]. Journal of Sea Research, 52(3): 165-177.
BEGON M, TOWNSEND C R, HARPER J L, 2005. Ecology:
From Individuals to Ecosystems [M]. 4th ed. Oxford:
> Wiley-Blackwell.

R 12~14 °C, DON DIN BUMA A G J, BANO N, VELDHUIS M J W, et al, 1991.
20 /L, Comparison of the pigmentation of two strains of the
prymnesiophyte Phaeocystis sp. [J]. Netherlands Journal of

Sea Research, 27(2): 173-182.
; CHARLSON R J, LOVELOCK J E, ANDREAE M O, et al, 1987.

2021 11 12

1 cm cc >3

, But-fuco
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Abstract
morphological and physiological features and high genetic diversity. The bloom-forming P. globosa in the South China Sea
(SCS) is

19’-butanoyloxyfucoxanthin (But-fuco) as its diagnostic pigment, and is genetically distinct from other strains of P.

Phaeocystis globosa, an important causative species of harmful algal blooms worldwide, exhibits varying

proposed to be a unique ‘“giant-colony” ecotype, which features giant colonies and possesses
globosa. P. globosa blooms occur frequently in the SCS, as well as several times in the Bohai Sea and the North Yellow
Sea, but never in the South Yellow Sea (SYS). A P. globosa bloom broke out in the coastal waters of Qingdao from late
November to early December, 2021. During the bloom, it was found that the surface temperature ranged 12~14 °C, and
exhibited high DON (dissolved organic nitrogen) content and low DIN (dissolved inorganic nitrogen) content in the
Qingdao coastal waters. The colony abundance was more than 20 colonies/L with the maximum diameter of 18 mm. The
sampled colonies from the Qingdao coastal waters contained a unique diagnostic pigment But-fuco, and belonged to the
same genetic clade of “giant-colony” ecotype of P. globosa distributed in the SCS. This study firstly reported that the P.
globosa bloom in the SYS caused by the “giant-colony” ecotype. The “giant-colony” P. globosa bloom may threaten local
plankton ecosystem, aquaculture, and coastal nuclear power plant. Therefore, it is our key task to detect and monitor P.
globosa blooms, and study the mechanism of its occurrence in the northern waters of China.
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