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Z KB, DU R B e B e bk i 4lifh . B Ja
FERS TS B IR I (48 FLAR M B SRR, LA
AT AIEIE, Y E H12h: 12h, IR (20+£2)CHI
FAF N TR A H ARG FE B TH L 291001 SE A L
2, R BB 5 3R 5 1100 mLAE I 8 9%,
PAMC (Marine Collection)/ ¥ #1145 (3% 1).

1.2 XHEMERRES

AT A R D R N B QU e
BIAIR, FAG K FE AL FR 5, R
FES &M S M E R R R AN — . Z2dE, %
10—20 B 131 UG A% 2140 35 T2 i 45 55 0 (40 i
B N10° cell/L). JECE 76 E #1120 12h, 5 7E
(20+2)°C (R4 R IR A 1532 497—8d" .

1.3 LC-MS/MSE#NESE

HAL T A K A e B s B 400 mL7c 44,
£80.22 pum R 21 4E DR I SR A AT L . S mL
B 7K (12 1) 318 5 g 98 200 it I 381 25 00 5
P R FH B PR DB PR A UK I R 9 3—Smiin, ££0.22 um
JEMLIEPE, VM T 20C FRF&H . FEMIZEER
MK P i 5 B 2 A R S PP B R S A
DAZ&.

K HIProminence UFLCHA P IH i AH €21 (Shi-
madzu A 7]) 15500 QTRAPPU KL T - 28 1t B 1 [ &2
B SR TSR 2 S (SCIEX A &)X AL B (I #E S ik 4T
DA, Z WWus" 5 AT 4T . DARRHE
It 5 4% [F Sigma /7]

R1 AEIINERREREIEFRKR
Tab. 1 List of monoclonal Pseudo-nitzschia strains investigated
in this study

L7 I3 B Hh A5 SRAE R 7]
Strain code Isolation location Sampling data
MC3027 ERCREIUS 2016.04.03
MC3282 RIIR MG 2016.08.22
MC3252 IRINR M3 2016.08.22
MC3253 PRI M 2016.08.22
MC3317 RINR MG 2016.08.22
MC3329 IRINR M3 2016.08.22
MC3331 PRI M 2016.08.22
MC3337 RINR MG 2016.08.22
MC4049 IRINR M3 2016.10.27
MC4085 HECE 2016.11.22
MC4086 S E 2016.11.22
MC3005 ERCREIUS 2016.04.03
MC3015 [ERNEITR 2016.04.03
MC4058 RINR MG 2016.11.15
MC4074 PRYIK G 2016.11.15

14 FEFYR

2% B (Light Microscopy, LM)WE%2: HUAL
T EAE KA B 0.1 mL, ERR I b, 55 L
B H )5, A FHOlympus BXS38E4T 34 T34 (Diffe-
rential Interference Contrast, DIC) W 52, FH: i
Olympus DP27#( i3 AH HLIH /&, 7EOlympus Cell-
SensH A FARIEMEAS B o BB ARARRAE |
MRS,

2 S #2584 (Transmission Electron Micro-
scopy, TEM)WL%2: UG A K BAR B2 mL, A
SLEIRBLR(>95%) AL BRA L, 25 HZ&RKZ
PORPEE A E . P R R B 5 —10 uLR
A JE IR, 55 D02 AR B X 8 1 (100 H ) L, B
SRERT A, RIFT{EJEM-1010 TEM N WL R4 R
F B ST RS M, ke IR, fLar%s.
1.5 DFRGFESH

ORISR AT 0o AR A S ) R 4 M, AT L
DNA . FIF 51 #01TS LRITS4HEAT % ik
5 S IR X (LTS 3 B A ™). PCR™“#i% 2% |
g S AR A ) B R AT PR A W) R AT A A AT
MNCBI T A2 YA FIITS neDNA Y41, 4
BioEdit¥ 347 5 51 g b AnE R . 1 I M-
Modeltest 2.3 53 £ U - 34l BB fpead e 71
FIMrBayes 3.2"" " K4 % U137 #E 24 (Bayesian Infe-
rence, BI), FARAxML-HPC2"" #) 2 5 K ABh SR b
(Maximum Likelihood, ML), ML 47 1) 5 A&
(bootstrap test) B E 1000,

2 R

21 ZEELC-MS/MSHN

PADAMTAE S & B (ng/mL) Jy A A8 A, W4 T AR K
NAABR, BESLDAILC-MS/MSH I i1 b5 vt 2,
DA E N10—1000 ng/mLH, H I TR 5 5 Bk
FEA RLAF B 2R 11 56 2R (R°=0.99934), [1] 5 7 8 4
y=164.64875x-3947.22457 . A7 iR T BR A
10 ng/mL. DA H g LR BB [8] 50,7 7min. 53751 %F
ali Bl FEAR R AN X R RS SR RIEATAI, VRN
K &5 R L& 2,

ASCEESL 1SS AR TR AR, 6 MR Rk
DA, HRO MR R HDA, F 400/~ 8 &
0.4—17.5 fg.

ik 73Nk Rk AT i IR B FIDAE R,
MC4049 5MC3015 )77 5 /KT B8 A T [, B2 ™
BEACF43 90 B2 A1 feBf 220.2F10.4 fg, TTMC4074[)
FERERFAE A B AR A, B R R KT R17.5 (g,
M HAFE RIFARADAKLH .
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Tab. 2 The results of DA’s content detected in this study

YT AN
Ba o R wmam SEEL o
Species  Strain code Zooplankton DA level
amount
(fg/cell)

P. cuspidata  MC3027 / / /
MC3282 / / /

MC3252 / 262.4 52

MC3253 / 31.9 0.5
MC3317 / 71.5 1

MC3329 / 38.2 0.4

MC3331 / 369.6 5.5
MC3337 / 81.5 1
MC4085 / / /

MC4086 / 67.1 33
MC4049 / 99.4 2

MC4049 E 12.7 0.2
P. MC3005 / / /

pseudodelica-
tissima

MC3015 / 65.6 1

MC3015 B 14.2 0.4
P. MC4058 / / /

fraudulenta

MC4074 / / /

MC4074 L2} 44.1 17.5

22 FEEUERENIFHEE

BTSN KRG, X105
YRR AT TR E, BN ENT 3l E T340
e RN ZE L EEP. cuspidata (Hasle) Hasle. Th3%
9L ZZ L #EP. pseudodelicatissima (Hasle) Hasle
PhEFNZE L FEP. fraudulenta (Cleve) Hasle, 1
HWE T E R E Rl =M.

R P Z= 2 5% Pseudo-nitzschia cuspidata
(Hasle) Hasle (Klfix 1) 4 L AT TR BB B AR A
s, EESE G aKr1/6—1/8 /A (KR 1 -
). SEME (B 1-2). K41—43 um, %
1.6—1.9 ym. FedmR(ER 1 -3), B FegEmZml,
AA IR (B T -4). IR A2,
10 pmN20—22%% . R 280 —HEIE T 1 FLSUA
(IR T -5), % B N40—43%6/10 pm. FLEUEE
NI umo FLELE 5 O (B T -5), B0 73 B
2— 5B IR T -4)o A SC A WS E — 4630
(Bh 1 -6), e¥him— ML, RASUERN
56—57%%/10 um.

FERERHMIE: AR 3 [ 78 I A AR R 3 A
PRI ARIE, BN RS 6.3 10" g A
4.3x10°—2.5x10" fg™. KMk RIFEDAK H, B

o = 57K P 80.5—5.5 fg.

AEZS: WK AE -

Gy AERT AT M, ORI, S PE RS, Ph
IR EEVGHE A S ASOhRAR
JmHRKEEGH 10 )X EOLA), dLidr
AN FRRRER 2).

{AZR 55 HAZ= S5 Pseudo-nitzschia pseudodelica-
tissima (Hasle) Hasle (hi 11) 20 o v T BB
BEARBEAR, B E 0 e aKr1/5—1/6(E R
II-1). FemmBEE R ER I-2), FimR(EmR 11-
3)e FelflK52—61 um, F1.4—1.6 um. & FC4E5R
Lo, BAT A R B R (B 1T -4). o
FEN19—2425/10 pm.o 5280 —HEFLSUA R, %
5 N39—43%5/10 um. FLELE LB B T, 2243 Ak
W (B 11-5), 6—74 um. 5eRaT m—HEfL
gU(EIh 11-6). 3 23 FLEUm A R (B 11-7),
Wity LU FE948—53%%/10 pm.

B AP AEHh R R A R B GE, B
HE 4593 £ KUk RIS EDAK H, Bl
L= 5E 7K 91 fge

AEZS: W KIF A -

I3 AERTT AR, ORI, PR, BT E
Bvis. EEVGHERESEE ST, AhEA
K H GG H), ERED2MREFRERREE 2).

{hEHUZ 2% Pseudo-nitzschia fraudulenta
(Cleve) Hasle (JKIfi 111) 40 ] JE BB B IR B
&, BB G A KR U7(ERR T1-1). Feimsk
T, PIAR, £E7e T H 8 T LF-~FAT (B TTT-2). 5%
Ui g AR (KRR T11-3). B Feg& s Z hly, HA g
KA A (E R TT-4). 7l K60—66 um, %
3.9—4.5 pum. WIRPMAIE], BEEN13—175%/
10 umo  fE25SCH P HEE S HES I FLECd ik, %
N25—30%%/10 pm. FLEURATE, PEHE 5 B3—51
o (R T1-6).  Fehay m6—7 4N FLat, w2/ FLAt
(EIRR TI1-5), 17 b 2k 838—455%/10 um.

Tk AR E 22 IR JE T 8% A e iR aE
KA Fh bk & R A DAK Y, (B7E 55 R B T
Ak DA, FAH A= EEK17.5 fge

AR KIS .

Gy AT AN TE 22 E PG A Y L ORI TE 4R R
WA AR . AR AR AT RKTEM11H),
2N FRR R (K 2).

ETITSFIMD FRGEEDW ¥
ITS1-5.8S-ITS2F H# L T 43 T KRG, MLI A
BPPH I #H R &5 — 3 (B 1) ASCHIRANINZETE
R RS DU IR 02 g 0 55 T AR T BF AR R
(Mex12)RAE R —5 3 b, RIS T 384 72 B bk
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1/

1%929 };3?8 P. cf. subpacifica
0.99/85| INWFSC205 P. heimii
1/100 P"mnz?fg P. bipertita
0.991dg ™ o )
_umo_r_ P. caciantha
Mex20
1/98— PnTbl19 P. balel.jilzz)ng Netl2
I—[NerJS P. abrensis
1/100;Pomil6 -
0.67/- L Pnmi0G P limii
1/99 PnPd36

Pnpd39 P kodamae
1/100 fAL-112

P. calliantha
120 :22101
/97AL- i
C-AL-1 P. mannii

0.97/84 1/100NWFSC252

NWFSC253 P. hasleana
100|Ner-D1 Pa
LA

AL22 b gelicatissima

0.99/77 L-24
191 0.99/80 ELacsOZ
PnKk14 . 3
/1601 VPB-B3 P. micropora

1
L no7 P.inflatula
3-19  P. turgiduloid
1793

NWFSC188 P. lineola

/94 ~Mex13

1 P. decipiens
Grancan4-1
1/98—Mex23 p o iige
1/96 Sydney4 &
1/98 'P“Pc”g P. sabit

1/93

0.94/86 1 PnPd9:

171001 AL-59 p_goi0r0sa
1/100 Califl
1/100|.Mc281 P. si
1 Mc949

JF714929 P. subfraudulenta

1/99 0.81/6 jLimensl
1/100 [L=KC017467

MC4058

100 1MC4074

P. fraudulenta

UBCI100 P. granii
016/%%5 1-F P. subcurvata
RCC2002 .

1/1001 RCC2005 P~ arctica
1/100; NWFSC220 P. turgidula
NWFSC255 P. cf. turgidula
1/100; NWFSC241
NWFSC242

P. fryxelliana

. PnSb44
1/100 | PnMtas P pungens
1/100 gﬁ)mgm P. multiseries
PLYStI9A P. australis
Nissum3 .
ol PLYSt528B £ seriata
T5 P. obtusa

1/100,PnTb10
2

1PnTb28

MC3284  P. fukuyoi

2=0.99/99 Ner-F1

Ner-G4
- a
b=0.87/54 Mex12

P. plurisecta

MC3253 P. cuspidata

Kervel P. americana
1/99 [ KoreaA

1/84 BS

P. multistriata

P. pseudodelicatissima

PnKk31
1/99 P::Sm07 P. brasiliana

0.1
BPP/ML

B LT RBE (A SR ] B X T TS 1-5.8S-ITS2 ) 7 T R G
Fig. 1 Molecular phylogenetic tree inferred from ITS1-5.8S-1TS2 region sequences

Z, ¥k AMC3252. MC3329FIMC3337HIITS A ISKRRF 2N ZE R, 2 MBS ERR S
SE4 M, ¥k ZMC3253. MC3317. MC333 140 P FUSE T 3 VG HE2F 1k &R (Limens 1) KRR fk
MC4049ITSEE H 5E & AH A, AT& 5/ EH 10N R(KCO17467)RER — 43 I, MC40585
HEF., WHKRESMex 128 2 A 1302 57, MC407408 5 56 4 —FF, 5O BE UL TE 8 VG Ut 4 fk
Ja# SMex 12k RA 6 ML 2 F o M550 Z(Limens1) 9B 2 5, 5 K H I #% &
LI EER R 5 R 55035 TE A ISR R (8A10, AL- (KCO017467) A 200 2% 7 57 o ITSJF HIAH X 1542,
15) 8B 7E —#2, MC3005FIMC3015 3£ [ 584 —FE, [ — P A FE R R AN SRR E R R
524G F8A10Mk RA 2N Z R, S5 AL- GUi TN IR PR R AR 22 S 0 R s ma ) i R
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K, BTN ESR, By %58 LRIESEEM
iR,

3 Wig

3.1 HENSESSINERENYM MY

ASCHRIE 3007 BE AL 22 T e, 05 78 [ Ak
B ERIE . I0R R P SR SR g 35 T
W, F 2Bk DA, G R R A R 2.5%10°
#14.3x10° fg. Trainer” 720094 {18 T 4,
S, H AR K DA R & 5543 nmol/L,
Z 7= 75 5 6.3%10° g Hb i 23 AL v
ORI R ZE T b, B3R tHDA, H40 7= 75
BH4.5—9.3 fg. Garate-LizarragaZe " i 7 2%
IOARAE JE M AR A A i O 35 U S8 T BB 4R, AR
K DA E452 ng/filter.

FEIE 25 BI204R 47, R 38 R 42 00y v [ g e
R T = B, (H—E AR R EHIR R
BRI TAE T 46 T-20054E, Ligs™ %20 8 KT 0
1 —RR I FNZZ P, pungens Hasledt 47 1 &0l
KAEDARI Y . 2 )5, WA st
W RE XA, #7  h S
T100Z2 MUGETE B R, IR EDAMA . HR
A, o Bl 824G g 38 B UL 38 T I e .
LiZe™AE 1 RISHE R I T IAS B R B e 4038 %
(P. simulans), F-1ERE T2 K R PRI BIDA, H0-41 g
FERE K 1.05—1.54 fg, XK E = S 25
RIS . BES, EEFSUE TR
FAE IRILZZ T (P, fukuyoi), TESERRE FRIR R 12
Refarilll BIDA, BN F: 7K P 920—1630 fgo
1k B AT, WE A 2M =S s R RIE . SR,
FH T FEATI AR X FR, A I R B /D, AN e 4 THl
S EA IR AU GE T B PR R L. A SCIRGE T
3INFEEM, FE T RE S ERNEE RN 2
PE, B AR =54 . (HE = DA RIS H,
SORDAZER EVS AT, S R
I 2 FEVE RS 1Z 02 2R, ROZIE A B2 1
FEEE PR INEN .

32 EEHESERSINXR

TR B E R AR E 1, 32 8] 2 FhEf
R, e\ AEEE B
B BE. BOEICERSE . AR BB
WD AT £ R L IS T B R P A KR,
2 HEE 5 TR R T B ISR T RO UG
F=EDAPY . fiHardardottir s g AR 2 15 (1 i Sk )
ZZHEP. obtusa 58% & 2K Calanus copepodites il
9%, RIVBESKILZE T BT UG 7 WADA, 1R /E KA A
HAHEDAKRE I35 50.4x10 * ng DA/ug C. AL

Pl L35 T B (MCA0T4) 1 Sl Pl 15 75 26 1 1 KA
H DA, (H7E x HUR RS 2 - F /T # DA, tHIGIE T
KW . RTIFRWES i PR~ E DA
MU RN AR A 8, B S8 AR R 2R R e
FEAS I I 5 T B e i 1T S B, B 1% 2 T
TR BRI /N 7 AL 22 0 R 52 1, (BAL E9 JR
(1 BAR A AR AN, SRR E S
DA R LMl 2 2R e, E 2wk 2 25 m e
GO AN, AT I8 R SR IR, B
B E

ASCRIF o 75 S AU SE T 7 1, A Re e 3
mre R, AR TR TN, WfE
HOREEFAE T, JRUNUZE T EE(MC4049) Rl 2 55
P TEFEEMC3015) = Bk #A BT T %, 540 i
FEEEE AN ETE A2 fgfF K %20.2 g, J5# M1 fgfF
£0.4 fg. AT HIRR, S SRIERER RN
TARFRE )3k KA 5%, TR A Bl A6 15 77 B 18] ) E 4K
B BEM =R e S SRR, A MR AR
(MC4049FIMC3015) 4l 2% 41 T = B il f2 e
R RS — A H W 58, iR sh i 58
I8 MR AR Pl 2 5 AT .
33 S5HEUMELERMAR

RAMPET TS SR FHIE
X 4. LundholmE I\ — 3 41k 2 B 7E T-4h
TR M : D R I9P ST R T, RN ZE T
PRI, AR SCHRIE 1R P 32 55 0S5 T 5 ) 2 %
BT o 2RI I b 3 55 10035 T 3 1 3 T U
R B AT, T2 AME IFA AR RGN IUZE T
BN RFREER RN EEX R . Bk, AR
YR ZE T B ) B 98 35 B (20—2245/10 pm) 264
HE(40—43%%/10 um) SR ST (R %
JERN19—24%45/10 pm, &S E N39—43%/
10 pm) FIAE$ERIT, (HO) R 55035 T (K 52—61 pm,
F51.36—1.6 pm) ELARGIYEE L B (K 41—43 pm, 58
1.58—1.9 um)E 4K . £ T REGW b, R4 35
TSR E N TRERABRERN
LI ), (H 3 1 R 45 HE 4NHCBCs I 22 5%

PN ZE T 5 WAN G W ZE T BEP. subfraudu-
lenta (Hasle) Hasle[JJEASHL, 73 FoRG R RN
PEIE . Hasle25 AR HE % 2 18 ) K X 2 75
AN, P OS2 TR R T T, WO B LS5 T i
ST o AH 2 IS BB 58 R X 9 AP0 Fb ) 5 THD
AME AT RE R AR, M BB AT R ZE T, anseE
A 7 5 VR R K T o e By 3 41 35
T BE TS T A LR T 10, SR 70 BRI ) 04 36 30 25 T
HARPETE . A EHRFX—M AT 4R, Moschan-
dreouZs P NN g T FR A R AE B T LA 2 8] 1 X
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FEOAFLE, T By 3435 T V5 (1 S R s 2 AN AL
ar, s L.

& SENNERAEE AR ESEEVE-FIA )

IR T 3R A S o 4 A A T, A DA A
I 4 5E T BUBOY 3 —, SRR TR 25 2R Ik
AW FEIN Y, SAZE T B 2 18] A 25 DX AR A,
FLUCRFE R 5 R A AR AL, R TR SRR AEASBEAE )
T i) 32 B, TR BRI SN AT
FBz ",

BE3CHR:

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

Lelong A, Hégaret H, Soudant P, et al. Pseudo-nitzschia
(Bacillariophyceae) species, domoic acid and amnesic
shellfish poisoning: revisiting previous paradigms [J].
Phycologia, 2012, 51(2): 168—216

Trainer V L, Bates S S, Lundholm N, et al. Pseudo-nitzs-
chia physiological ecology, phylogeny, toxicity, monitor-
ing and impacts on ecosystem health [J]. Harmful Algae,
2012, 14(1): 271—300

Lundholm N (Eds.), Bacillariophyceae, in IOC-UNESCO
Taxonomic Reference List of Harmful Micro Algae.
2017, Available online at http://www.marinespecies.
org/hab. Accessed on 2016-12-13

Li Y, Huang C X, Xu G X, et al. Pseudo-nitzschia simu-
lans sp. nov. (Bacillariophyceae), the first domoic acid
producer from Chinese waters [J]. Harmful Algae, 2017,
67: 119—130

Huang C X, Dong H C, Li Y. Pseudo-nitzschia fukuyoi, a
new record of toxic Pseudo-nitzschia taxa from China [J].
Oceanologia et Limnologia Sinica, 2017, 48(5):
1014—1021 [3HF, EMdE, 2. wWRUSEEE, -
[ P B R T B B 40 . TR 1A, 2017, 48(5):
1014—1021]

Lim H C, Teng S T, Leaw C P, ef al. Three novel species
in the Pseudo-nitzschia pseudodelicatissima complex: P.
batesiana sp. nov., P. lundholmiae sp. nov., and P.
fukuyoi sp. nov. (Bacillariophyceae) from the strait of
Malacca, Malaysia [J]. Journal of Phycology, 2013,
49(5): 902—916

ChenJF,QiY Z, Xu N, et al. Pseudo-nitzschia bloom
and its ecological role in the biological community in the
Daya Bay, the South China Sea [J]. Acta Oceanologica
Sinica, 2005, 27(1): 114—119 [FR% 75, 75 ¥, 177,
S RIS U038 TV oK e e FLAE A VR P AR 2
KL, HFPEEEER, 2005, 27(1): 114—119]

Li S H, Li Y, Lundholm N, et al. Diversity, taxonomy

9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

and biogeographical distribution of the genus Pseudo-
nitzschia (Bacillariophyceae) in Guangdong coastal wa-
ters, South China Sea [J]. Nova Hedwigia, 2012, 95(1-2):
123—152

Xu G S, Li Y. Two new records of diatom genus Pseudo-
nitzschia from Chinese waters and analysis of their do-
moic acid production [J]. Journal of Tropical and Subtropi-
cal Botany, 2015, 23(6): 614—624 [1&E 3, 2547, T E
VAU 35 T s ) 23 10 s o S HL 7 S A 20 . Pty
WHGH R ZIR, 2015, 23(6): 614—624]

Huang C X, Xu G S, Li Y. The identification of Pseudo-
nitzschia decipiens from Daya Bay and analysis of its do-
moic acid production [J]. Acta Hydrobiologica Sinica,
2017, 41(5): 1118—1125 [HH T, (REX, 4. KA
TN I IS T 9 1 R 28 4 7 R B RRAE 0 A, K2R
WA, 2017, 41(5): 1118—1125]

Ji W, Zheng J Y, Zeng X P, et al. HPLC analysis of do-
moic acid poisoning in South China Sea [J]. Modern
Food Science & Technology, 2011, 27(1): 120—122 [#
T, FOEEE, WE B, SF. BRI (DA) LK
RIHPLCT VAR, BUAR & ML, 2011, 27(1):
120—122]

Song L L, Zhang H Q, Hou J D, et al. High-performance
liquid chromatography-tandem mass spectrometry for the
determination of residue of domoic acid in shellfish [J].
Journal of Fisheries of China, 2008, 32(6): 950—956 [K
R, SR, REEAE, 5. O A3 - B RS I
MABFRWEERNRE. K2, 2008, 32(6):
950—956]

Wang H. An investigation of domoic acid content in
shellfish in Zhoushan islands [J]. Chinese Journal of
Health Laboratory Technology, 2011, 21(12): 2986—
2988 [ AR, A LlHFIR LM iy v 1 R I 7 B A
R E PAER IS 2 &, 2011, 21(12): 2986—2988]

Wu H, Guo M, Tan Z, et al. Liquid chromatography
quadrupole linear ion trap mass spectrometry for multi-
class screening and identification of lipophilic marine bio-
toxins in bivalve mollusks [J]. Journal of Chromato-
graphy A, 2014, 1358: 172—180

Cheng Z D, Liu S C, Gao Y H. Nano-diatoms in Fujian
Coast [M]. Beijing: Ocean Press. 1993, 10-11 [f£JE %,
KT, o SN, e G e . b 5 VgV L AL
1993, 10-11]

Lundholm N, Daugbjerg N, Moestrup @. Phylogeny of
the Bacillariaceae with emphasis on the genus Pseudo-
nitzschia (Bacillariophyceae) based on partial LSU rDNA
[J]. European Journal of Phycology, 2002, 37(1): 115—


http://www.marinespecies.org/hab
http://www.marinespecies.org/hab
http://www.marinespecies.org/hab
http://www.marinespecies.org/hab

5 4 G S VRS B = A SR T 1063
134 [28] Garate-Lizarraga I, Band-Schmidt C J, Lopez-Cortés D J.

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

(23]

[26]

[27]

Hall T A. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows
95/98/NT [C]. Nucleic Acids Symposium Series, 1999,
41: 95-98

Nylander J A, Mrmodeltest V2. Program distributed by
the author. Evolutionary Biology Center, Uppsala Uni-
versity [EB/OL]. 2004, http://www.citeulike.org/user/
mbutler808/article/7578084

Ronquist F, Teslenko M, Mark P, et al. MrBayes 3.2: effi-
cient Bayesian phylogenetic inference and model choice
across a large model space [J]. Oxford Journals, 2012,
61(3): 539—542

Miller M A, Pfeiffer W, Schwart T. Creating the CIPRES
science gateway for inference of large phylogenetic trees
[C]. In: Proceedings of the gateway computing environ-
ments workshop (GCE), New Orleans, LA. 2010, 8. doi:
10.1109/gce.2010.5676129

Trainer V L, Wells M L, Cochlan W P, ef al. An ecolo-
gical study of a massive bloom of toxigenic Pseudo-nitzs-
chia cuspidata off the Washington State coast [J]. Limno-
logy and Oceanography, 2009, 54(5): 1461—1474

Ajani P A, Murray S A, Hallegraeff G, et al. The diatom
genus Pseudo-nitzschia (Bacillariophyceae) in New South
Wales, Australia: morphotaxonomy, molecular phylo-
geny, toxicity, and distribution [J]. Journal of Phycology,
2013, 49(4): 765—785

Lundholm N, Moestrup @, Hasle G R, et al. A study of
the Pseudo-nitzschia pseudodelicatissimal/cuspidata com-
plex (Bacillariophyceae): what is P. pseudodelicatissima
[11? Journal of Phycology, 2003, 39(4): 797—813

Amato A, Kooistra W, Ghiron J H L, et al. Reproductive
isolation among sympatric cryptic species in marine dia-
toms [J]. Protist, 2007, 158(2): 193—207

Churro C 1, Carreira C C, Rodrigues F J, et al. Diversity
and abundance of potentially toxic Pseudo-nitzschia Pera-
gallo in Aveiro coastal lagoon, Portugal and description
of a new variety, P. pungens var. aveirensis var. nov [J].
Diatom Research, 2009, 24(1): 35—62

Moschandreou K K, Baxevanis A D, Katikou P, ef al.
Inter-and intra-specific diversity of Pseudo-nitzschia (Ba-
cillariophyceae) in the northeastern Mediterranean [J].
European Journal of Phycology, 2012, 47(3): 321—339
Martin J L, Katsuji H, Burridge L E, et al. Nitzschia
pseudodelicatissima-a source of domoic acid in the Bay
of Fundy, eastern Canada [J]. Marine Ecology Progress
Series, 1990, 67: 177—182

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

371

Bloom of Pseudo-nitzschia fraudulenta in Bahia de La
Paz, Gulf of California (June-July 2006) [J]. Harmful Al-
gae News, 2007, 33: 6—7

LiAF,YuCR, WY F, ef al. Morphological and toxi-
city characteristics of Pseudo-nitzschia pungens strain
PP0201-01 isolated from the East China Sea [J]. Chinese
Journal of Oceanology and Limnology, 2005, 23(4): 418
Yan X L, Yang J X, Kang Y Y, et al. Morphological
study and toxic analysis for two Pseudo-nitzschia species
isolated from Daya Bay [J]. Journal of Oceanography in
Taiwan Strait, 2007, 26(4): 576—582 [#/INIH, #% &,
FREMEE, &5, R /K R D2 T R R T 25 25 4 0 I
BRI, BVEHEN, 2007, 26(4): 576—582]

Yang J X. Growth characteristics and toxin determination
of four species of Pseudo-nitzschia from Southeast China
Sea [D]. Master 's Thesis of Xiamen University. 2007 [#
TG R W I DU DL T v A AR S A R A D A
. BRI 3. 2007]

Huang Y Y. The taxonomy and genetic diversity of
Pseudo-nitzschia in Southeast China Sea [D]. Master 's
Thesis of Xiamen University. 2010 310, 3 E AR
ST BE A R G0 A ZREERT T, TR 18
. 2010]

Tammilehto A, Nielsen T G, Krock B, et al. Induction of
domoic acid production in the toxic diatom Pseudo-nitzs-
chia seriata by calanoid copepods [J]. Aquatic Toxico-
logy, 2015, 159: 52—61

Hardardéttir S, Pan¢i¢ M, Tammilehto A, et al. Dange-
rous relations in the arctic marine food web: interactions
between toxin producing Pseudo-nitzschia diatoms and
Calanus copepodites [J]. Marine Drugs, 2015, 13(6):
3809—3835

LiY,He LN, MaYY, et al. The study on morphologi-
cal taxonomy of Pseudo-nitzschia pseudodelicatissima
complex [J]. Acta Hydrobiologica Sinica, 2010, 34(2):
302—311 [Z47, FAIGE, D, 55 ARG
HEBNTEE DI, KEED ¥R, 2010, 34(2):
302—311]

Hasle G R, Syvertsen E E. Marine Diatoms [A]. In: To-
mas C R (Eds.), Identifying Marine Phytoplankton [M].
London: Academic Press. 1997, 5—387

Gallo-Reynoso J P, Licea S, Egido-Villarreal J. Is
Pseudo-nitzschia pseudodelicatissima toxin the principal
cause of sardines, dolphins, sea lions and pelicans morta-
lity in 2004 in Mexico [J]? Harmful Algae News, 2005,
29: 6—8


http://www.citeulike.org/user/mbutler808/article/7578084
http://www.citeulike.org/user/mbutler808/article/7578084
http://dx.doi.org/10.1109/gce.2010.5676129
http://www.citeulike.org/user/mbutler808/article/7578084
http://www.citeulike.org/user/mbutler808/article/7578084
http://dx.doi.org/10.1109/gce.2010.5676129
http://www.citeulike.org/user/mbutler808/article/7578084
http://www.citeulike.org/user/mbutler808/article/7578084
http://dx.doi.org/10.1109/gce.2010.5676129

1064 K& A Y 2%

THREE NEW KINDS OF TOXIC PSEUDO-NITZSCHIA SPECIES DERIVED
FROM CHINA’S COAST

DONG Huan-Changl’ ’, HUANG Chun-Xiu"” and LI Yangl’ :

(1. Guangzhou Key Laboratory of Subtropical Biodiversity and Biomonitoring, College of Life Science, South China Normal
University, Guangzhou 510631, China; 2. Guangdong Provincial Key Laboratory of Healthy and Safe Aquaculture,
College of Life Science, South China Normal University, Guangzhou 510631, China)

Abstract: In order to investigate the diversity of Pseudo-nitzschia species in China’s coast and their ability in produ-
cing neurotoxin domoic acid (DA), a total of fifteen monoclonal Pseudo-nitzschia strains were isolated and established.
Using a liquid chromatography tandem-mass spectrometry (LC-MS/MS) technique, DA was accordingly detected from
ten monoclonal strains. Based on the morphology observed by using a light microscope (LM), a transmission electron
microscope (TEM), as well as molecular analysis inferred from an internal transcribed spacer region, these fifteen
strains were precisely identified which belonged to three different species involving, P. cuspidata (Hasle) Hasle, P.
pseudodelicatissima (Hasle) Hasle, and P. fraudulenta (Cleve) Hasle. In addition, three out of eleven established P.
cuspidata strains were nontoxic, while other eight cases were toxic with the DA abundance rate of 0.4—5.5 fg/cell.
Also, one P. pseudodelicatissima strain was nontoxic, while DA production rate of 1 fg/cell was detected in another
strain. Besides, no DA was tested in the two P. fraudulenta strains. Several strains were selected and their DA produc-
tions were induced by the available Artemia salina. As a result, it was shown that the ability of DA production de-
creased in P. cuspidate (MC4049) and P. pseudodelicatissima (MC3015) strains, from 2 and 1 to 0.2 and 0.4 fg/cell, re-
spectively. However, the ability of DA production in P. fraudulenta (MC4074) strain swiftly increased, from an un-
detected level to 17.5 fg/cell. The results achieved in this study enrich the diversity of toxic Pseudo-nitzschia species in
China’s coast, and may establish strong research basis for conducting further studies.

Key words: Pseudo-nitzschia; Domoic acid; Taxonomy; Morphology; Internal transcribed spacer; Artemia salina
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Plate |  Pseudo-nitzschia cuspidata
1. LM, ##4&, b5 10 pm; 2—6. TEM; 2. FZIHAME, F5: 10 pm; 3. 523, B8R 1 pm; 4. 520090858, A7 0.5 um; 5. FLAUER, FRR:
0.25 pm; 6. Fhiir, 5: 0.25 pm

1. LM, chain colony, scale bar: 10 um; 2—6. TEM; 2. whole valve, scale bar: 10 um; 3. valve end, scale bar: 1 um; 4. valve middle, scale
bar: 0.5 um; 5. poroid structure, scale bar: 0.25 um; 6. bands, scale bar: 0.25 pm
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Plate [l  Pseudo-nitzschia pseudodelicatissima
L LM, Bk, bR 10 pm; 2—7. TEM; 2. 52T AME, #5 R 10 um; 3. 588, AR 1 pm; 4. 52T S, F5R: 0.5 nm; 5. FLECEEH), bR R
0.25 pm; 6. Faf, FrR: 0.5 um; 7. 345, A7 0.5 pm
1. LM, chain colony, scale bar: 10 um; 2—7. TEM; 2. whole valve, scale bar: 10 um; 3. valve end, scale bar: 1 um; 4. valve middle, scale
bar: 0.5 um; 5. poroid structure, scale bar: 0.25 pm; 6. bands, scale bar: 0.5 pm; 7. bands, scale bar: 0.5 um

L LI AAA L L
OB HDe 8 a
— o Hg,l";e
s ik B g -
(ere  rRReBgonee
ceeP0ouDoosgouned
. we
N A% & @ o e & ‘:i' @ » K &

s
e

# 5. v "
sgoelB8 ARG nee ¢

BIRRIIT P a2 0
Platelll Pseudo-nitzschia fraudulenta
LM, #E4K, #7X: 20 pm; 2—6. TEM; 2. FTHAME, F7R: 10 pm; 3. 523, b3 2 pm; 4. 52, A5 1 pm; 5. 383, #7)R: 0.5 um;

1.
6. FLALEEH, F7/: 0.5 pm

1. LM, chain colony, scale bar: 20 pm; 2—6. TEM; 2. whole valve, scale bar: 10 um; 3. valve end, scale bar: 2 um; 4. valve middle, scale

bar: 1 um; 5. bands, scale bar: 0.5 um; 6. poroid structure, scale bar: 0.5 um



